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Abstract

We propose a minimalist hypothesis in which the only fundamental entity is a

real scalar �eld de�ned on four-dimensional Euclidean space E4. An observer is

modeled as a stable cognitive tube�a locally causal region of �eld projections onto

a family of three-dimensional slices Σ3(ℓ).
From non-dynamical conditions of embodiment, local causality, stability, and uni-

tarity, we rigorously derive:

1. emergent spacetime with a pseudo-Riemannian metric and Lorentz transfor-

mations as the only compatible symmetry group;

2. the Einstein �eld equations as a variational extremum of the cognitive action;

3. quantum �eld theory and the Born rule as necessary conditions for cognitive

reproducibility;

4. the minimal symmetry group U(1)×SU(2)×SU(3) and a cognitive Higgs mech-

anism.

The model predicts the absence of a graviton and prohibits coherent superposi-

tions of distinct spacetime metrics, thereby establishing clear falsi�ability criteria:

detection of a graviton or interference of heavy masses would refute the hypothe-

sis. The uni�ed emergence of special relativity, general relativity, and the Standard

Model symmetries underscores the explanatory power of the approach and opens a

path toward experimental testing of the cognitive nature of physical laws.
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theory; Gauge symmetries; Dark energy
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1 Introduction

This paper continues the development of a theory of emergent spacetime. A hypothesis
based on the generalization of the principle of causality was formulated in a separate
publication [1]. While reading that article is recommended for a deeper understanding of
the present theory, it is not strictly required. The earlier paper focuses more closely on
how the generalized principle of causality leads to the emergence of observable and di-
rect transformations, and how observable transformations strictly (in the cognitive sense)
preserve events and their interpretability. That level of detail is not the aim of the cur-
rent work, which instead focuses on deriving physics from the theoretical model, taking
the generalized causality principle as foundational and drawing partially on prior results.
Without familiarity with the previous article, some conclusions here�such as the deriva-
tion of Lorentz transformations�may be more di�cult to follow.

The principle of causality occupies a central position in modern physics, playing a
key role in the formulation of dynamical laws and quantum theories. In the classical
Newtonian framework, causality relies on absolute time and space, whereas in special
relativity (SR) it is embedded in the structure of four-dimensional Minkowski spacetime
[2]. However, these formulations already assume a prede�ned (Minkowskian) geometry,
taking spacetime as fundamental. More recent approaches attempt to derive the kine-
matic properties of SR�and even general relativity (GR)�from more �pre-dynamical� or
symmetric constructions (see, e.g., [4, 5, 6]).

An early example is Roter's work [3], which studied projections of metric structures
leading to an ephemeral concept of time. In the past decades, this direction has developed
further through shape dynamics [4], causal set theory [5], and relational approaches [7].
These frameworks aim to describe gravity and causality through discrete structures or
transformation groups lacking an explicit time parameter.

In causal set theory [5], fundamental structure is not provided by metric geometry, but
by order relations of "ancestor�descendant" type, enabling a notion of causality without
presupposed time. A similar idea of relational emergence of space and time is imple-
mented in shape dynamics [4, 6], where shape evolution is governed by the geometry
of con�guration space, and time arises only as a parametric unfolding of con�gurations.
Rovelli's relationalism [7] further emphasizes that physical quantities acquire meaning
only in relation to other systems, with no absolute background structure.

Despite these advances, most of the approaches mentioned retain some form of implicit
background (e.g., the topology of the causal set or the con�guration space of shape dy-
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namics), which can hinder a complete derivation of spacetime from causality alone. More-
over, the role of the observer�and in particular, the necessity of self-awareness�typically
remains outside the scope of formal physical development.

The present work puts forward the hypothesis that causality is more fundamental
than space or time, both of which arise only as emergent constructs in the presence of a
cognitive observer. This view aligns with the anthropic principle (cf. [8, 9]) and structural
realism [10], but emphasizes the cognitive dimension: without an observer, spacetime is
only a potential structure, lacking ontological actuality.

Accordingly, the aims of this work are:

� To formulate a Generalized Principle of Causality (GPC), which permits indepen-
dent causal ordering within each inertial frame, without relying on prede�ned geo-
metric structure;

� To construct a four-dimensional Euclidean model of a real scalar �eld devoid of
internal symmetries or metric time, and to demonstrate how its projections onto
cognitively actualized hypersurfaces give rise to observable spacetime;

� To prove that within this model, observable coordinate transformations coincide
with the Lorentz transformations, and that the universal speed c arises as a geo-
metric invariant;

� To analyze the role of the observer, identify the cognitive requirements (see �2.2),
and show how self-awareness �xes the choice of hypersurface and causal structure.

Section 2 presents the formulation of the GPC and explains why a cognitively complete
observational system is necessary. Section 3 develops a four-dimensional Euclidean �eld
model, discusses projections onto hypersurfaces, and introduces a time parameter t =
ℓ/vt. Section 4 provides a mathematical derivation of the postulates of special relativity,
demonstrating how Lorentz transformations follow from the geometry of E4, and how
direct transformations approach the identity in the limit v → 0. Section 5 discusses
philosophical implications for the ontology of spacetime and consciousness, and outlines
prospects for extending the model to general relativity and quantum �eld theory.

Main results:

1. A Generalized Principle of Causality (GPC) is formulated, allowing frame-dependent
causal structures;

2. A four-dimensional Euclidean model of a real scalar �eld is constructed, with no
privileged directions or internal symmetries;

3. Lorentz transformations are derived as observable coordinate transformations;

4. Both postulates of special relativity are shown to follow from the GPC and �eld
symmetries;

5. General relativity is recovered, including derivations of its two postulates;

6. Quantization arises naturally from cognitive constraints;

7. The gauge symmetries of the Standard Model are derived, not postulated;
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8. The theory's empirical testability is explored;

9. Future directions for theoretical development are discussed.

Section 2 elaborates the GPC and its implications. Section 3 develops the �eld model
on E4. Section 4 gives a rigorous derivation of the postulates of special relativity.

2 Generalized Principle of Causality (GPC)

2.1 Formulation

The Generalized Principle of Causality (GPC) is based on two key postulates:
Postulate 1 (disjoint causality). The principle of causality operates independently

in each inertial reference frame (IRF). For each IRF, one can de�ne an ordering of events
compatible with its internal causal structure, regardless of other IRFs.

Postulate 2 (continuity). As the relative velocity between two IRFs approaches
zero (vrel → 0), the di�erence between their causal structures tends to zero.

These postulates imply that events which are causes or e�ects in one IRF may not
exist (or be ordered) in another. Accordingly, two classes of transformations arise between
IRFs:

� Observable transformations � preserve the structure of events as perceived by an ob-
server within an IRF. These correspond to conventional coordinate transformations
(in the spirit of Lorentz) and describe consistent descriptions of physical processes.

� Direct transformations � re�ect the actual di�erences in the set of events between
IRFs. These transformations typically do not preserve event structure and may arise
when comparing causal structures between IRFs.

For example, a collision of electrons may occur in one IRF, while in another it may
either not occur or involve di�erent particles (e.g., a pair of muons). This is not a matter
of simultaneity relativity, but rather a fundamental di�erence in event content. The
hypothesis imposes no constraints on how distinct the event sets may be across IRFs. In
principle, the Moon may exist in one IRF and be entirely absent in another.

2.2 Role of the Observer

Unlike formal or abstract observers without consciousness, a cognitive observer is capable
of actualizing one among many potential spacetime projections of the fundamental �eld.
It is through the observer's cognitive, perceptual, and sensory processes that a stable
causal structure is formed, de�ning the direction of time and local space.

This fact imposes signi�cant constraints on the choice of basis and hypersurface
deemed physically real and relevant, linking the physical ontology of spacetime with the
phenomenon of consciousness.

From the observer's epistemic perspective, every fact manifested in their system must
be considered as existing in all IRFs � even if that event is absent in some of them. This
epistemic alignment leads to the selection of observable transformations as the primary
class employed in traditional physics.
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De�nition: Cognitively Complete Observer

Let Hobs denote the (e�ective) space of internal states of the observer, decomposed with
respect to a basis associated with their hypersurface Σ3.

De�nition 2.1. An observer (hereafter simply "observer") is said to be cognitively com-
plete (i.e., self-aware) if the following conditions are satis�ed1:

C1. Information integration. There exists a nonlinear operator

I : Hobs −→ Hobs

(a memory and synthesis mechanism) that aggregates distributed signals over a
�nite interval ∆ℓ > 0 along the direction n, where:

� Hobs: e�ective Hilbert space of the observer's internal states;

� I: operator that collects or integrates incoming signals, enabling storage and
processing;

� ∆ℓ: length along the normal n, representing a perception time interval;

� n: normal vector to the hypersurface Σ3, specifying the observer's time direc-
tion.

C2. Reliable recursion. The evolution of internal states is described by

Uobs(ℓ) = e−iKℓ, K = K†, σ(K) ⊂ [0,∞),

where Uobs(ℓ) is a unitary evolution operator along n, and K is a Hermitian gener-
ator. The condition σ(K) ⊂ [0,∞) ensures the arrow of subjective time [14].

C3. Limited cognitive bandwidth. There exists an upper bound Λcog > 0 for the
eigenfrequencies of K:

σ(K) ⊂ [0,Λcog],

where σ(K) denotes the spectrum of the Hermitian operator K. Beyond Λcog,
coherent signal integration breaks down (neurophysiological "frequency cuto�" [15]).

C4. Causal locality. All interactions capable of in�uencing Hobs propagate with speed
v ≤ vt; thus, the observer employs the same universal limit vt in forming their time
arrow [7]. We will later show that the maximum interaction speed in the hypothesis
is bounded by vt.

Consequence (constraint on admissible Σ3). A hypersurface Σ3 (hereafter simply
"hypersurface") can be actualized by the observer only if the evolution operator U(ℓ) of
the �eld ϕ satis�es

[K, I] = 0, ∥U(ℓ)∥Hobs
≤ 1, ℓ ∈ [0,∆ℓmax],

where the �rst condition ensures compatibility of �eld dynamics with information in-
tegration, the second guarantees cognitive coherence, and ∆ℓmax is chosen such that
Λcog∆ℓmax ≪ 1.

These cognitive properties of the observer:

1See reviews on integrated information and free energy in [11, 12], as well as discussions on the physics
of cognitive limits in [13].
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� �x the time orientation (via the spectral condition K ≥ 0);

� impose a frequency �lter Λcog;

� exclude projections where the information �ux exceeds cognitive capacity.

These conditions reduce the set of potential projections {Σ3} to a cognitively realizable
subset, thereby ensuring consistency between the fundamental �eld dynamics and the
phenomenology of a self-aware observer. We plan to use the observer-related constraints
later in deriving quantization.

3 Four-Dimensional Euclidean Model

3.1 Initial Assumptions

Let us consider a four-dimensional Euclidean space E4 equipped with a �xed scalar metric.
At each point X ∈ E4, we de�ne a real scalar �eld ϕ(X) satisfying the linear equation

∆4ϕ(X) = 0, (1)

where ∆4 = δAB∂A∂B is the Laplacian with respect to the Euclidean metric. This
equation is invariant under the full orthogonal group O(4); it contains no preferred direc-
tions, no metric time, and no internal symmetries.

We refer to this fundamental four-dimensional Euclidean space endowed with a real
scalar �eld as the Metauniverse.

The model allows the selection of an arbitrary three-dimensional hypersurface Σ3 ⊂
E4, equipped with an orthonormal basis {e1, e2, e3}. A direction n, orthogonal to Σ3,
de�nes a potential temporal axis. For each pair (Σ3,n), we may introduce a parame-
ter ℓ representing the distance along n, and a linear operator U(ℓ) that maps the �eld
con�guration from Σ3 to the translated hypersurface Σ3 + ℓn:

C(Σ3 + ℓn) = U(ℓ)C(Σ3). (2)

Given a �xed scaling parameter vt (with the dimension of velocity), we de�ne the
observable time as

t =
ℓ

vt
. (3)

The operator U(ℓ) then describes the evolution of the �eld with respect to the time
parameter t, as de�ned by an observer who �xes the direction n.

It is essential to emphasize that the choice of the normal vector n and the evolution
operator U(ℓ) acquires physical meaning only in the presence of an observer capable of
actualizing a direction of time.

Thus, the basis associated with Σ3 and n is not merely a mathematical construction
but becomes cognitively actualized, re�ecting an observer-dependent projection of the
fundamental �eld.
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4 Derivation of Lorentz Transformations from the Model

4.1 Constraints on the Class of Reconstructions

In this section, we restrict consideration to those cases of cognitive reconstruction in
which:

� the observer's cognitive time is aligned with a chosen direction n ⊂ R4;

� the observer's cognitive space is aligned with a �at hypersurface Σ3 ⊥ n;

� the reconstructed distance between events in Σ3 coincides with the Euclidean dis-
tance in the model R4, i.e., λ = ℓ.

This is a simpli�ed but physically meaningful case that allows one to construct a consistent
cognitive structure and derive Lorentz transformations strictly from the geometric and
causal constraints of the model. The more general case leads to general relativity, which
will be considered separately.

Remark on Causal Constraints. Since we only consider reconstructions that preserve
cognitive causality, there must be a constraint on the maximum permissible speed of
in�uence transmission between observable events. That is, any two events separated
by a spatial distance λ can be interpreted as causally connected only if at least a time
t = λ/vmax elapses between them, for some �nite vmax. This constraint is not an external
postulate but arises as a condition for consistent cognitive reconstruction of event structure
by the observer.

Furthermore, since the observer lacks access to any external meta-structure, they must
assume that vmax is the same in all admissible reconstructions (i.e., all IRFs). Otherwise,
consistency of memory and event tracking under small transitions would be violated, which
contradicts Postulate 2. Thus, the existence and invariance of vmax within observable
transformations is a necessary consequence of the cognitive model itself.

Note also that the uniformity of vmax across all IRFs follows from the fact that the
fundamental �eld lacks preferred directions or internal symmetries. It is therefore natural
to expect that the same value of vmax applies throughout when the mechanism of spacetime
emergence is uniform.

4.2 Derivation of Lorentz Transformations

It is important to stress that, under the local causality hypothesis, the observer treats
events in di�erent IRFs as cognitively equivalent, since their internal reconstruction re-
quires coherence of event structure across transitions. This is justi�ed not only by Pos-
tulate 2, but also by the fundamental requirement of cognitive consistency: the observer
cannot allow events already recorded in memory to disappear or become inadmissible.
Therefore, they construct transformations between IRFs so as to reconcile event recon-
structions without losing cognitive integrity.

Let an observer O cognitively reconstruct spacetime based on the directions Σ3 and
n. Then, for this observer:

t =
ℓ

vt
, (4)

where ℓ is the distance along the direction n, and vt is the cognitive time scaling parameter.
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This means the observer interprets the distance ℓ along their cognitive time direction
as corresponding to a temporal interval t, using the scale vt. This parameter is not
a fundamental physical constant, but a subjective normalization between reconstructed
Euclidean distances and perceived time �ow. Its value depends on the internal coherence
of reconstruction and is consistent with causal structure, as shown below.

The observer analyzes what transformations must occur between admissible cognitive
reconstructions�those that respect the observable event structure and the constraint on
maximum causal speed. These reconstructions may di�er in the direction of cognitive
time, but must preserve event coherence and cognitive consistency.

The following requirements:

� linearity of observable transformations (from cognitive consistency),

� invariance of the maximal causal speed vmax,

imply that observable transformations between admissible cognitive reconstructions must
be Lorentz transformations with parameter vmax, de�ning the limit of causal connectivity:

t′ = γ

(
t− vx

v2max

)
, (5)

x′ = γ(x− vt), (6)

where

γ =
1√

1− v2

v2max

.

Geometric Interpretation. The transition between di�erent admissible spacetime re-
constructions can also be interpreted geometrically as a rotation of the hypersurface Σ3

relative to a �xed direction in R4. In other words, the observed relative cognitive velocity
between IRFs corresponds to a tilt of the cognitive hypersurface by an angle θ, de�ned as

tan θ =
v

vt
.

Each IRF is characterized by a speci�c choice of reconstructed time direction, and Lorentz
transformations correspond to reconciliation between di�erent tilted hypersurfaces that
preserve cognitive coherence.

This geometric view emphasizes that Lorentz invariance in the model arises not as a
global symmetry of space, but as a form of local consistency of cognitive reconstructions
across various orientations of the observed event structure.

4.3 Time Normalization and the Identity vt = c

As previously established, the observer can determine their temporal scale from recon-
structed distance λ and time t:

v
(obs)
t =

λ

t
. (7)

Assume the model includes a maximal causal speed vmax, invariant across all IRFs (see
Postulate 2). Then:

Causal connection is admissible only if λ ≤ vmax · t. (8)

10



If vt < vmax, then t = λ/vt > λ/vmax, and the observer would incorrectly reject a valid
causal link. If vt > vmax, then a false causal link would be accepted. The only case in
which:

� all valid links are preserved,

� no false links are allowed,

� reconstruction is consistent with the model boundary�

is when:
vt = vmax. (9)

If experiments con�rm that vmax = c, the speed of light in the observable universe,
then we have:

vt = c. (10)

Thus, the parameter vt, introduced in the model as a cognitive time scale, becomes
an observable physical constant de�ned by the causal limit.

Additional Justi�cation: Low-Velocity Limit. Consider now the case where the
relative cognitive velocity between reconstructions tends to zero: v → 0. Geometrically,
this means that the direction of cognitive time in the second reconstruction n′ deviates
slightly from the original direction n by a small angle θ in R4.

In the model, cognitive velocity and tilt angle relate by:

tan θ =
v

vt
, for small θ : θ ≈ v

vt
.

Hence, the transition corresponds to tilting the hypersurface Σ3 by angle θ ≈ v/vt.
Postulate 2 demands that, in the limit v → 0, observable transformations approach

the identity, and cognitive structure remains coherent. This is possible only if the time
scale vt used in de�ning t = ℓ/vt matches the bound vmax. Otherwise, even an in�nitesimal
tilt would disrupt coherence of causal domains, violating cognitive consistency.

Therefore, from consistency in the small-velocity limit, it follows that:

vt = vmax.

4.4 Minimal Derivation of Lorentz Transformations

Finally, Lorentz transformations can also be derived from two general assumptions, inde-
pendent of the full cognitive structure:

� observable transformations between IRFs are linear (as required by cognitive coher-
ence),

� there exists a maximal causal speed vmax, the same for all IRFs.

This leads to the classical invariant hyperboloid:

x2 − v2maxt
2 = const.

From this, Lorentz transformations follow as the unique linear transformations that pre-
serve the structure.

Therefore, even without explicit cognitive reconstruction, Lorentz transformations
emerge once linearity and a universal speed limit are assumed. The detailed deriva-
tion above demonstrates how these assumptions arise from the deeper structure of the
local causality hypothesis.
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Remark. Events absent from the current projection Σ3 are not considered real in the
sense of cognitive eventhood. However, if they causally in�uence accessible events (along
n), their e�ects may be reconstructed. This di�ers from SR, which assumes a global set
of events equally accessible in all frames.

Limiting Case. The limit v → 0 shows that direct and observable transformations are
coherent in the weak regime, but di�er in general.

4.5 Conclusion

The postulates of special relativity�including Lorentz transformations and the existence
of a limiting speed�are rigorously derived from:

� the Euclidean symmetry of the scalar �eld equation,

� the cognitive choice of the observer,

� the generalized principle of causality.

This demonstrates that special relativity is an emergent consequence of Euclidean
structure and cognitive actualization of events.

5 Derivation of Energy, Momentum, and Mass from

Noether's Theorem

In this section, we derive the concepts of energy E, momentum Pi, and mass m for the
scalar �eld ϕ at the fundamental level in E4, without invoking �time� as a primitive notion.
All symbols are introduced at their �rst appearance, and the variational formalism is used
as a convenient mathematical tool.

On Cognitive Interpretation. Although this section employs variational calculus in
E4 without explicit time, the physical quantities�energy, momentum, and mass�acquire
observable meaning only after projection onto a hypersurface Σ3 speci�ed by an observer.
The observable interpretation of the energy�momentum tensor will be discussed in �...,
where we show how the components T µν are projected onto the hypersurface and aligned
with cognitive dynamics. Here we extract the structure of these quantities as Euclidean
potential invariants available for cognitive actualization.

5.1 Euclidean Space E4

� Let Xµ ∈ R, with µ = 1, 2, 3, 4, be coordinates on four-dimensional Euclidean space
E4.

� The metric is given by δµν = diag(+1,+1,+1,+1), with inverse δµν satisfying
δµρδρν = δµν .

� None of the coordinates Xµ is interpreted as �time�; all are treated equally.

12



5.2 Scalar Field ϕ and Its Equation

� Let ϕ : E4 → R be a real scalar �eld.

� De�ne the di�erential operators:

∂µ :=
∂

∂Xµ
, ∆4 := δµν∂µ∂ν .

� Let m ≥ 0 be a constant of dimension [length]−1, which will later be interpreted as
mass, though here it is simply an internal parameter.

� The �eld satis�es the Euclidean Klein�Gordon equation:

(∆4 −m2)ϕ = 0. (11)

5.3 Lagrangian and Action

� De�ne the Lagrangian density:

L[ϕ](X) := 1
2
δµν∂µϕ∂νϕ− 1

2
m2ϕ2. (12)

� The action is:

S[ϕ] :=

∫
E4

L[ϕ](X) d4X, d4X := dX1dX2dX3dX4. (13)

� Variation δS[ϕ] = 0 yields the equation of motion without referring to time.

5.4 Noether's Theorem and the Energy�Momentum Tensor T µν

� The Lagrangian is invariant under translations Xµ 7→ Xµ + εµ.

� Noether's theorem gives:

T µν(X) := ∂µϕ∂νϕ− δµνL[ϕ], ∂µ := δµρ∂ρ. (14)

� The conservation law is:
∂µT

µν = 0. (15)

5.5 Observer and Hypersurface Σ3(ℓ)

� The observer is de�ned by a unit normal vector:

nµ ∈ R4, δµνn
µnν = 1.

� De�ne the hypersurface:

Σ3(ℓ) := {X ∈ E4 | Xµnµ = ℓ}.

� Let {eµi }3i=1 be an orthonormal basis on Σ3(ℓ), such that:

δµνe
µ
i e

ν
j = δij, δµνe

µ
i n

ν = 0.

� De�ne directional derivatives:

∂nϕ := nµ∂µϕ, ∂eiϕ := eµi ∂µϕ.

� Let d3x denote the induced volume element on Σ3(ℓ).
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5.6 Observable Energy E

� De�ne the energy as the �ux of T µν through Σ3(ℓ):

E :=

∫
Σ3(ℓ)

T µνnµnν d
3x.

� Substituting from the de�nition of T µν , we get:

E =

∫
Σ3(ℓ)

[
(∂nϕ)

2 − L
]
d3x

=

∫
Σ3(ℓ)

[
(∂nϕ)

2 −

(
1
2
(∂nϕ)

2 + 1
2

3∑
i=1

(∂eiϕ)
2 − 1

2
m2ϕ2

)]
d3x

=

∫
Σ3(ℓ)

[
1
2
(∂nϕ)

2 − 1
2

3∑
i=1

(∂eiϕ)
2 + 1

2
m2ϕ2

]
d3x.

5.7 Observable Momentum Pi

� De�ne momentum in the direction eµi as:

Pi :=

∫
Σ3(ℓ)

T µνnµei,ν d
3x.

� Using the de�nition of T µν and orthogonality nνei,ν = 0, we obtain:

Pi =

∫
Σ3(ℓ)

(∂nϕ)(∂eiϕ) d
3x.

5.8 Four-Momentum P µ and Mass m

� De�ne the four-momentum as:

P µ :=

∫
Σ3(ℓ)

T µνnν d
3x.

Then:
P µnµ = E, P µei,µ = Pi.

� The mass is de�ned via the Euclidean norm:

m2 := δµνP
µP ν = E2 −

3∑
i=1

P 2
i .

6 Derivation of General Relativity from the Local Causal-

ity Hypothesis

This section demonstrates that both postulates of general relativity, as well as the Einstein
�eld equations, follow formally from the hypothesis of local causality formulated on four-
dimensional Euclidean space E4, without assuming time or a metric a priori.
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6.1 Emergent Metric and the Physical Interpretation of Gravity

The observer is de�ned as a sequence of nested three-dimensional hypersurfaces

Σ3(ℓ) ⊂ E4,

parameterized by length ℓ, with normal vectors nµ(ℓ) ∈ Tx(ℓ)E
4. This normal determines

the �projective observation� direction at each hypersurface.
By projecting the Euclidean metric δµν onto the hypersurface orthogonal to nµ, we

obtain the induced metric:

gµν(x) = δµν − nµ(x)nν(x), (16)

where nµ = δµνn
ν and δµνn

µnν = 1. Note that gµν(x) does not exist globally as a structure
on E4; rather, it emerges as a cognitively actualized tensor, locally de�ned by the observer
in the vicinity of each hypersurface Σ3(ℓ).

Physical Meaning of Gravity. In this hypothesis, gravity is not a fundamental inter-
action but an emergent phenomenon. It originates from variations in the direction of the
normal vectors nµ(ℓ) between adjacent hypersurfaces. These variations lead to changes in
the observed metric gµν(x) and are interpreted by the observer as gravitational curvature
of spacetime. Thus, gravity functions as an e�ective �eld that maintains coherence in
the observed causal structure. Its role is to compensate for mismatches between local
projections, ensuring observed inertiality and locality.

6.2 Derivation of the Postulates of General Relativity

1. Principle of Equivalence. Near any point x0, where n
µ(x) varies slowly, the metric

approximates �at space:

gµν(x0) ≈ δµν − nµ(x0)nν(x0) = ηµν .

In such regions, projected dynamics become locally inertial. Therefore, the observer
cannot distinguish acceleration from gravity, and the �rst postulate of general relativity
is satis�ed.

2. Principle of General Covariance. The observer perceives only quantities de�ned
via gµν(x). Hence, physical laws must be invariant under arbitrary coordinate transfor-
mations xµ 7→ x′µ(x), formalizing the second postulate of general relativity: the di�eo-
morphism invariance of physical equations [16, 17, 18].

6.3 Justi�cation of the Action Structure

Locality. The fundamental action for the �eld ϕ is de�ned locally on E4:

S[ϕ] =

∫
E4

(
1

2
δµν∂µϕ ∂νϕ

)
d4x. (17)

After projection onto observable space, the action remains local�operational quantities
are expressed through local tensors and their derivatives. Although (17) is de�ned in
E4, its physical interpretation arises only after cognitive projection: the observer per-
ceives only the variation of action projected onto the sequence Σ3(ℓ), parameterized by
observable time t = ℓ/vt.
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Second-Order Derivatives. According to Ostrogradsky's theorem, stability requires
the Lagrangian to depend on derivatives of no more than second order. Lovelock's theo-
rem [19] states that in four dimensions, the only di�eomorphism-invariant scalar yielding
second-order �eld equations is the Ricci scalar R. Thus, the gravitational Lagrangian
takes the form:

Lgrav =
1

2κ
R. (18)

6.4 Full Action and Einstein Equations

The total action involves the metric gµν and the projected scalar �eld ψ:

S[g, ψ] =

∫ [
1

2κ
R +

1

2
gµν∇µψ∇νψ − 1

2
m2ψ2

]√
−g d4x. (19)

Variation with respect to gµν using the identities:

δ
√
−g = −1

2

√
−g gµν δgµν , (20)

δR = Rµν δg
µν + (divergence terms), (21)

yields the Einstein �eld equations:

Rµν − 1
2
gµνR = κTµν . (22)

with the energy�momentum tensor:

Tµν = ∇µψ∇νψ − 1
2
gµν
(
∇λψ∇λψ −m2ψ2

)
.

The full technical derivation is provided in Appendix A.

6.5 Conclusion

The local causality hypothesis leads to:

� the postulates of general relativity;

� constraints on the form of the Lagrangian;

� the Einstein equations as a consequence of a universal action principle.

This supports the interpretation of general relativity as an emergent theory arising
from the operational structure of observation in Euclidean space.

7 Singularities and Planck-Scale Limits in the Projec-

tive Model

In standard general relativity (GR), singularities�such as the core of a black hole�are
points where curvature becomes in�nite and the theory loses predictive power [23]. Simi-
larly, in quantum �eld theory and gravity, energy near the Planck scale EPl breaks down
the applicability of smooth metrics and �eld dynamics [25, 24].

In the framework of the local causality hypothesis�based on Euclidean geometry and
a scalar �eld without intrinsic time�both issues are reinterpreted.
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1. Singularities as Boundaries of Cognitive Coherence. Gravity in this model
is not a fundamental interaction but a consequence of deviations in the projection nor-
mal n(x) between adjacent hypersurfaces. The observed curved metric gab is merely a
projection of the Euclidean metric and not fundamental.

Thus, regions where the projective structure becomes inconsistent (e.g., where n(x) be-
comes discontinuous, degenerate, or non-orthogonal) are interpreted as singularities�not
because geometry fails, but because the observer can no longer maintain a coherent pro-
jection. A breakdown of cognitive coherence occurs when no smooth or piecewise-smooth
extension of nµ(x) exists that satis�es the admissibility conditions (see �2.3). In such
cases, cognitive projection collapses, and the observable event structure disintegrates.

Therefore, singularities are not ontological properties of physical reality, but epistemic
boundaries of observation. The fundamental Euclidean �eld and its Laplace equation
remain smooth everywhere.

2. Planck Energy as the Limit of the Projective Interpretation. Energy, mass,
and momentum in this model emerge from symmetries of the projective action de�ned on
the observer's hypersurface. These quantities are not absolute.

At energies comparable to EPl, the evolution of the �eld ϕ deforms the projective hy-
persurface Σ3, such that the normal n becomes ill-de�ned, non-orientable, or multivalued.
This causes concepts such as �energy� and �mass� to become ill-posed�not due to failure
of the underlying �eld, but due to breakdown of the coordinate-based interpretation.

Thus, the Planck energy marks not a fundamental limit of nature, but the boundary of
classical projective interpretation�that is, the limit of cognitive projective interpretability.

Conclusion. In the model of local causality, there are no ontological singularities or
absolute energy limits. Instead, such features re�ect the limitations of the observer as a
projective system that constructs spacetime and physical observables through operational
means. The fundamental Euclidean �eld remains smooth and invariant even where the
emergent metric loses applicability.

8 Degrees of Causality Violation and Cognitive Stabil-

ity of the Observer

This section analyzes the extent to which the principle of causality in E4 must be satis�ed
for the observer to remain cognitively stable. This is essential for understanding the limits
of applicability of the model and the conditions under which spacetime and evolution
continue to be observable.

8.1 Exact Satisfaction of the Causality Principle in E4

The principle of local causality in this hypothesis is based on the existence of an embedded
family of hypersurfaces {Σ3(ℓ)} ⊂ E4, parameterized along a continuous �eld of normals
nµ(ℓ), de�ning a sequence of cognitive slices. When nµ(ℓ) depends smoothly on the
parameter ℓ, the �eld ϕ : E4 → R evolves along ℓ in a well-de�ned manner:

∂ℓϕ|Σ3(ℓ) = F [ϕ|Σ3(ℓ)], (23)
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which determines the locally causal order. In this sense, causality in the fundamental
space E4 is satis�ed exactly if the normals nµ are consistent and di�erentiable [4].

8.2 Weak Causality Violation and Cognitive Adaptation

Suppose the vector nµ(ℓ) undergoes �uctuations:

nµ(ℓ) = n̄µ(ℓ) + δnµ(ℓ), with ∥δnµ∥ ≪ 1. (24)

Here, n̄µ(ℓ) is the average direction of the normal de�ning the principal direction
of perceived time, while δnµ(ℓ) describes its local �uctuations, induced either by the
dynamics of the �eld ϕ or by constraints in the observer's cognitive structure.

In this case, the observer loses precision in ordering the projections. The observed
state becomes not a point but a temporal interval :

ϕe�(x, t) =

∫ t+δt

t−δt

ϕ(x, τ)w(τ − t) dτ, (25)

where w(τ) is a weighting function determined by the statistics of δnµ. A typical form
of w(τ) is Gaussian with width δt, representing the "thickness of time." This aligns with
the view of the observer as a cognitive structure de�ning accessible evolution [27, 11].

8.3 Boundary of the Observer's Cognitive Stability

If ∥δnµ∥ → 1, the observer's cognitive structure collapses:

� the hypersurfaces Σ3(ℓ) lose their embedding,

� causal order becomes ambiguous,

� subjective time loses directionality.

Thus, the observer can exist only under the condition that δnµ remains bounded on
the cognitive integration scale [26].

8.4 Geometry of the Observer's Projection Tube

De�nition. The observer's projection tube Tobs ⊂ E4 is de�ned as the set of points
x ∈ E4 such that:

1. ∃ℓ0 ∈ R such that x ∈ Σ3(ℓ0),

2. nµ(ℓ) is de�ned and continuous in a neighborhood of ℓ0,

3. the �eld ϕ is di�erentiable in a neighborhood of x,

4. the projection ϕ|Σ3(ℓ) yields coherent evolution.

If any of these conditions fail, the point x /∈ Tobs, and it does not belong to observable
reality. This is analogous to the concepts of local algebras and coherent regions in algebraic
quantum �eld theory [28] and in causal set theory [29].
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8.5 Physical and Cognitive Implications

Weak causality violations manifest in the observable world as:

� temporal jitter and time shifts,

� quantum-like energy �uctuations,

� reduction in the coherence of event perception,

� decoherent zones near the boundary of Tobs.

Thus, the "thickness of time" re�ects the range δℓ over which cognitive consistency
of projections is preserved under weak causality violation. Even under approximate sat-
isfaction of the causality principle, observable reality and cognitive evolution may still
persist.

9 Deriving Quantum Physics

9.1 Formalization of the Observer's Cognitive Tube

We consider the observer as a cognitive structure projecting the fundamental �eld ϕ(X)
onto a sequence of three-dimensional slices Σ3(ℓ) in 4D Euclidean space. This projection
de�nes observable spacetime and cognitive observables. The boundedness of the tube
ensures the �niteness of the local phase space and de�nes the region Tobs ⊂ R4 where
cognitive activity is e�ective:

Tobs = {X ∈ R4 | ϕ(X) 7→ Σ3(ℓ), bounded and stable cognitive projection}.

The tube must be cognitively realizable, which requires three fundamental conditions:

1. Embodiment: the observer must be realized through a connected set of localized
modes forming a stable body in projection. These modes must evolve subluminally,
supporting a causal cognitive structure and consistent emergent spacetime metric.

2. Locality: the observer interacts with the �eld only within a �nite cognitive volume,
de�ned by the bounded cognitive projection in its vicinity. This precludes access to
global information and ensures operational consistency of observables.

3. Stability: the observer's cognitive structure must be robust against small �eld
�uctuations, enabling reliable cognitive evolution, stable measurements, and com-
patibility with formal causality.

These requirements de�ne the admissible class of observers and restrict the symmetries
and dynamics compatible with cognitive realization. In particular, they play a key role
in deriving the admissible internal symmetry groups in the following subsections.

19



9.2 Unitary Cognitive Evolution

Although the fundamental �eld ϕ(X) is a real scalar �eld, the observer's cognitive struc-
ture requires representing the observable state as a complex function. The complex nature
is not fundamental but arises as a necessary feature of the cognitive projection, ensuring
compatibility with Lorentz-invariant unitary dynamics and statistical reproducibility of
observations. Accordingly, ψ(x, ℓ) ∈ Cn is interpreted as an e�ective description of the
cognitive state arising from the projection ϕ(X) 7→ Σ3(ℓ).

The cognitive projection operator Pℓ is generally nonlinear and depends on the struc-
ture of the observer's tube. In the limit of a coherent and smooth cognitive structure,
it can be approximated by a linear integral transform over a bounded region Tobs, for
example:

ψ(x, ℓ) =

∫
Tobs

K(x, ℓ;X)ϕ(X) d4X, (26)

where K is a weighting function de�ning the local contribution of the �eld to the cognitive
projection. This clari�es the transition ϕ 7→ ψ.

The local structure of observable spacetime, previously derived from Euclidean geom-
etry and the principle of causality, corresponds to a Minkowski-type pseudo-Riemannian
manifold. Therefore, the observer's cognitive dynamics must be compatible with Lorentz
transformations and preserve the norm of the observable state across inertial slices.

From representation theory (see [30, ?]), it is known that the only class of equations
invariant under Lorentz transformations and norm-preserving are unitary linear equations
on complex functions. Therefore, the cognitive dynamics must be described by a complex
wavefunction ψ(x, ℓ) ∈ Cn, de�ned on the cognitive slice Σ3(ℓ), with unitary evolution in
the parameter ℓ (interpreted as cognitive time):

i
dψ

dℓ
= Ĥψ, (27)

where Ĥ is a Hermitian operator (Ĥ† = Ĥ), ensuring norm conservation:

∥ψ(ℓ)∥2 = ⟨ψ(ℓ), ψ(ℓ)⟩ = const. (28)

The cognitive wavefunction ψ(x, ℓ) ∈ Cn is de�ned on the cognitive slice Σ3(ℓ), arising
as the observable projection of the observer's tube. Its norm,

∥ψ(ℓ)∥2 =
∫
Σ3(ℓ)

ψ∗(x, ℓ)ψ(x, ℓ) d3x, (29)

has operational cognitive meaning: it is interpreted as the reproducibility measure of the
cognitive state under repeated projections onto the same slice Σ3(ℓ).

Thus, the conservation of norm ∥ψ(ℓ)∥ = const is not optional but a cognitively
necessary requirement: it guarantees that cognitive evolution is consistent with the oper-
ationally de�ned time ℓ, admits interpretation of observables as statistically reproducible,
and aligns with the local spacetime structure derived from causality. As will be proven
below, the only norm compatible with unitary evolution and reproducibility of cognitive
information is the quadratic form |ψ|2.
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9.3 Probabilistic Interpretation of the Cognitive Function

To compute the probability of observing a particular state A, given the system's cognitive
function ψ(x, ℓ), we use the standard scalar product in the Hilbert space of cognitive
states. Let φA(x) be a normalized cognitive function corresponding to state A on slice
Σ3(ℓ). Then the probability of cognitively registering state A upon observing state ψ is:

PA = |⟨φA|ψ⟩|2 =
∣∣∣∣∫

Σ3(ℓ)

φ∗
A(x)ψ(x, ℓ) d

3x

∣∣∣∣2 . (30)

If state A corresponds not to a single vector but to a subspaceHA, then the probability
is given by the projector P̂A onto that subspace:

PA = ⟨ψ|P̂A|ψ⟩. (31)

To eliminate ambiguity in the structure of the cognitive function space, we de�ne the
cognitive Hilbert space as

H = L2(Σ3(ℓ),Cn), (32)

equipped with the scalar product:

⟨φ, ψ⟩ =
∫
Σ3(ℓ)

φ∗(x)ψ(x) d3x, (33)

ensuring completeness, separability, and consistent normalization. We assume that ψ is
Borel-measurable and square-integrable, and that admissible operators are de�ned on a
dense subspace D ⊂ H. Thus, the probabilistic interpretation is rooted in a consistent
cognitive structure, rather than postulated externally.

Remark. The expression

⟨φ, ψ⟩ =
∫
Σ3(ℓ)

φ∗(x)ψ(x) d3x

de�nes the scalar product in the cognitive space H = L2(Σ3(ℓ),Cn), interpreted as the
space of admissible cognitive projections onto a �xed observable slice Σ3(ℓ). This structure
is not only mathematical but also operational: |⟨φ|ψ⟩|2 measures the reproducibility of
state φ when the system is in state ψ.

That is, it expresses the probability that an observer, with cognitive function ψ, will
register the state corresponding to φ upon projection. This understanding aligns with the
postulates of quantum mechanics, but here it emerges naturally from the structure of the
cognitive tube and unitary evolution.

The choice of L2 is dictated by the need to:

� ensure norm conservation under unitary evolution,

� admit a complete orthonormal system of states,

� support linear self-adjoint operators as observables.

Thus, this scalar product plays a central role in the cognitive structure: it de�nes
norms, probabilities, orthogonality of states, and underpins the mathematical rigor of
cognitive dynamics. The uniqueness of the probability measure compatible with unitary
dynamics and linearity is rigorously supported by Gleason's theorem [31] and its exten-
sions [41].
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Theorem 9.1 (On the Probabilistic Interpretation of the Cognitive Function). Let the
observer be de�ned by a cognitive tube satisfying embodiment, locality, and stability,
and let their cognitive dynamics be consistent with local Lorentz invariance of emergent
spacetime. Then:

1. the cognitive state of the observer is described by a complex wavefunction ψ(x, ℓ) ∈
Cn de�ned on a cognitive slice Σ3(ℓ);

2. the evolution of ψ with respect to cognitive time ℓ is given by a unitary Hermitian
equation:

i
dψ

dℓ
= Ĥψ, Ĥ† = Ĥ;

3. the norm

∥ψ(ℓ)∥2 =
∫
Σ3(ℓ)

|ψ(x, ℓ)|2 d3x

is cognitively interpreted as the reproducibility of the state;

4. norm preservation ∥ψ(ℓ)∥ = const is a necessary condition for consistent cognitive
evolution;

5. the density |ψ(x, ℓ)|2 de�nes the probability of observing the state at point x ∈ Σ3(ℓ)
under repeated cognitive projections.

Proof. Items 1 and 2 follow from local Lorentz invariance derived earlier: by Wigner's
theorem [30], Lorentz-invariant representations preserving scalar product must be unitary
in complex Hilbert space. Item 3 follows from the operational de�nition of the cognitive
tube: observation is a local projection onto a slice, and reproducibility of observations
is determined by the norm of the state. Item 4 results from the requirement of observer
stability: if the norm changes, cognitive evolution becomes statistically incoherent. Item
5 is a consequence of the fact that unitary linear evolution ψ admits only a norm that
preserves cognitive reproducibility under all admissible transformations. Under assump-
tions of linearity, additivity, and unitarity, the only compatible probability measure is
the modulus squared of the cognitive function. This is further supported by uniqueness
theorems such as Gleason's [31] and its re�nements [41].

9.3.1 Superdeterminism, Uncertainties, and Bell's Theorem

The proposed hypothesis is based on strict local causality in four-dimensional Euclidean
space, leading to a superdeterministic framework: the entire cognitive evolution of the
observer is fully determined by the con�guration of the fundamental �eld. Thus, the
probabilistic nature of quantum mechanics is not a fundamental randomness, but emerges
as a consequence of limited cognitive accessibility and the projective nature of observation.

The constraint of the cognitive tube that de�nes the observer's body prohibits si-
multaneous observation of incompatible projections, resulting in observable uncertainties,
including the Heisenberg uncertainty relations. These uncertainties are not interpreted as
fundamental but rather as consequences of incomplete cognitive coherence in the projec-
tion of observables.

Bell's theorem, which asserts the impossibility of explaining quantum correlations by
local hidden variables under the assumption of counterfactual independence, does not
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apply here. Due to the global cognitive coherence between the observer and the �eld,
the assumption of independence of initial conditions from the choice of observables is vio-
lated. Therefore, within the framework of the hypothesis, Bell's theorem is circumvented
by rejecting the freedom-of-choice assumption, in a manner consistent with strict local
causality.

This approach preserves both locality and the unitarity of cognitive dynamics, while
remaining fully consistent with observable quantum phenomena, including interference,
entanglement, and probabilistic distributions of measurement outcomes.

Formalization of Bell's Theorem Assumptions. For completeness, let us recall that
the standard derivation of Bell's theorem [56] relies on the following assumptions:

1. Locality : the outcome of a measurement on one device does not depend on the
setting of another (spatially separated) device;

2. Realism: the physical system possesses de�nite properties independent of measure-
ment;

3. Counterfactual independence (freedom of choice): the variables determining the out-
come of an experiment are independent of the choice of observables being measured.

The local causality hypothesis retains realism in the sense of the existence of a fun-
damental �eld in E4, independent of the observer. However, the cognitive state (the
wave function) is regarded as emergent�re�ecting cognitive limitations rather than con-
stituting a fundamental physical object. Consequently, the hypothesis violates the third
assumption (counterfactual freedom) while preserving realism in the deeper ontological
sense, grounded in the deterministic con�guration of the �eld. Due to the global cog-
nitive coherence, the �eld and the observer form a coupled system that does not allow
for independent variation of observation settings. This approach corresponds to the well-
known freedom-of-choice loophole [57, 58], and is consistent with empirical data while
maintaining a strictly local deterministic model.

10 Symmetries and Particles as Cognitive Representa-

tions

This section addresses the origin of the observed symmetries SU(3)× SU(2)× U(1) and
the associated structure of elementary particles as cognitive representations within the
hypothesis of local causality and the observer's cognitive tube.

10.1 Minimal Symmetries as Cognitive Requirements

Since the observer must be embodied, local, and stable, the cognitive tube that generates
spacetime and matter must permit the description of particles capable of subluminal
motion (i.e., v < c), which is necessary for forming the observer's embodied cognitive
structure.

Among all continuous compact groups SU(n), the minimal one that allows for color
interaction and asymptotically free fermionic states is SU(3). It enables the formation of
stable localized bodies of a cognitive observer.

23



The group SU(2), which does not lead to con�nement but supports unstable weak
interactions, may be associated with the necessity of transmitting information about de-
coherent cognitive projections�such as in measurements or decays. Thus, it provides a
mechanism for cognitive decoherence, sustaining the observability of unstable and transi-
tional states.

The abelian symmetry U(1) arises as the minimal extension of local phase symme-
try compatible with unitary cognitive evolution. According to Wigner's theorem and
norm preservation, only those phase transformations are admissible that realize a unitary
representation of the group U(1).

U(1) as a Consequence of Lorentz Invariance and Cognitive Unitarity. The
local Lorentz invariance of the observer's cognitive tube, previously derived as a property
of coherent projection, requires that cognitive state functions admit a phase degree of
freedom:

ψ(x) 7→ eiθ(x)ψ(x),

such that observable quantities and probabilities remain invariant. This transformation
is compatible with unitary evolution of the cognitive function and, hence, with cognitive
reproducibility. These transformations form the group U(1) � the minimal continuous
unitary symmetry compatible with norm preservation and local Lorentz invariance.

In the present hypothesis, where cognitive time and phase structure are emergent,
U(1) appears as a necessary cognitive condition for coherent observation in time, ensuring
robustness under local phase shifts and decoherent projection.

Thus, the group U(1) in the observer's cognitive structure is not an arbitrary extension
but follows naturally from:

� local Lorentz invariance of the observable structure;

� unitarity of cognitive evolution;

� phase-based cognitive reproducibility of observations.

Consequently, the smallest known symmetry group compatible with cognition, allowing
for an embodied observer with stable cognitive projections and decoherent processes, is:

G = SU(3)× SU(2)× U(1). (34)

Its uniqueness as the only cognitively admissible group remains a hypothesis. Other
candidate symmetries, such as SU(5) or SO(10), might be cognitively realizable but are
more complex and not experimentally con�rmed.

10.2 Particles as Representations of the Cognitive Gauge Group

Within this framework, the observer is described by a cognitive tube possessing a mini-
mally coherent structure compatible with Lorentz invariance, embodiment, locality, and
stability. These requirements uniquely determine the admissible cognitive symmetry
structure: the group Gcog = SU(3) × SU(2) × U(1), which emerges as the only realiz-
able symmetry within a consistent cognitive phase volume.

In this model, elementary particles are interpreted as irreducible representations of
the cognitive group Gcog. Each representation corresponds to a class of stable cognitive
projections on the slice Σ3(ℓ), perceived by the observer as observable quantum states.
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This aligns with the standard principle in gauge theory: the �elds associated with particles
are sections of vector bundles de�ned by local symmetry representations.

� The group SU(3) governs color interactions and describes quarks and gluons as
triplets and octets;

� The group SU(2) implements the weak interaction, e.g., with leptons forming dou-
blets;

� The group U(1) accounts for electromagnetic interaction, where charges correspond
to phase transformations.

Hence, the observer's cognitive tube admits only those projections that are stable
under transformations of Gcog, leading to the observed spectrum of elementary particles.
The Standard Model structure and particle properties (spin, charge, isospin, etc.) thus
follow not as a postulate but as a necessary consequence of coherent cognitive realizability.

Generations of particles can be interpreted as cognitively distinguishable but math-
ematically isomorphic realizations of the same representations. This leaves open the
question of their mass and interactions, potentially clari�ed through the structure of de-
coherent interactions or symmetry modi�cations.

10.3 Constraints and Testing of Cognitive Symmetry

The derivation of symmetries relies on cognitive minimality, unitary realizability, observer
embodiment, and the feasibility of decoherent projections. Alternative groups either fail
to support stable subluminal modes (e.g., SU(2) alone) or lack cognitive localization
(e.g., U(1) alone). Possible alternatives such as SU(5) or SO(10) require more complex
cognitive structures and are not experimentally con�rmed.

Therefore, the hypothesis of cognitive realizability leads to a preference for the sym-
metry SU(3)× SU(2)× U(1) as minimal and empirically supported. However, its strict
uniqueness remains an open question.

10.4 Number of Particle Generations

The hypothesis of cognitive realizability also imposes constraints on the number of cogni-
tively distinguishable modes realizable as stable or decoherent particles. It is known that
only the �rst generation of fermions (electron, electron neutrino, up and down quarks)
forms stable embodied matter. Therefore, its existence is necessary for the presence of an
observer.

The second and third generations (e.g., muon, tau, corresponding neutrinos, and heavy
quarks) primarily participate in unstable processes. Their role may relate to providing
cognitive decoherence, enhancing CP-violation, or enabling cognitively complete transi-
tions of observed states.

Moreover, unitary cognitive dynamics requires a �nite cognitive Hilbert space. This
excludes the possibility of an in�nite number of generations, which would break normal-
izability and statistical coherence.

Thus, the hypothesis permits only a �nite number of generations, minimally necessary
for a stable cognitive structure. The exact number of generations (e.g., n = 3) is not
�xed, but its �niteness and the functional distinction among generations are explained
through cognitive principles.
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11 Interaction Fields, Symmetry Breaking, and Mass

This section formalizes the cognitive structure of interactions and the mechanisms of
symmetry breaking that lead to the emergence of particle masses and intergenerational
distinctions.

11.1 Cognitive Fields as Emergent Perturbations

The cognitive wave function ψ(x, ℓ) describes the state of the observable slice. How-
ever, interactions between di�erent cognitive modes require the introduction of additional
structures�cognitive �elds, which are realized as perturbations of the cognitive tube and
transform coherently under the action of the SU(3)× SU(2)× U(1) symmetry.

Cognitive �elds are introduced as operator-valued distributions Φ̂a(x, ℓ) acting on the
cognitive Hilbert space. They serve as quantized analogues of the couplings between
cognitive modes and admit spectral decomposition with respect to the symmetry repre-
sentations.

Terminological justi�cation. The term cognitive �eld is used instead of the standard
e�ective �eld because, within the present hypothesis, the observer and their cognitive
tube are not external witnesses to a microscopic physical world but rather generative
structures of spacetime and matter. In this context, �elds are not approximations of a
deeper underlying dynamics but emergent operators of cognitive projection, rooted in
local coherence. Hence, cognitive �elds are not outcomes of integrating out microphysics,
but structures intrinsically required for coherent cognitive realization.

11.2 Generalized Gauge Cognitive Invariance

The requirement of local cognitive realizability leads to the necessity of local invariance
of the cognitive function under the groups SU(3), SU(2), and U(1). This yields the
emergence of cognitive gauge �elds:

� Aa
µ(x) ∈ su(3): gluonic cognitive �elds;

� W i
µ(x) ∈ su(2): weak cognitive �elds;

� Bµ(x) ∈ u(1): hypercharge �eld.

These �elds implement local transformations of the cognitive phase, isospin, and color,
respectively, preserving the unitarity of the cognitive evolution.

11.3 Symmetry Breaking Mechanism and Mass

The emergence of mass requires a mechanism of spontaneous symmetry breaking. Its
cognitive realization is implemented via a �eld H(x) (a cognitive analogue of the Higgs
boson), which acquires a nonzero cognitive expectation value in a certain cognitive vac-
uum:

⟨H(x)⟩ ≠ 0.

This results in the narrowing of the cognitive tube to more localized projections,
thereby breaking the cognitive gauge symmetry SU(2) × U(1) and generating mass for
leptons and vector �elds. At the same time, the global coherence of the cognitive structure
is preserved, ensuring unitary evolution.
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11.4 Outlook Toward Quantum Field Theory

The introduced cognitive �elds Φ̂a(x, ℓ) admit second quantization and spectral analysis.
The cognitive tube can be viewed as a multi-modal quantum system, with creation, an-
nihilation, and interaction of modes mediated by the corresponding �elds. This provides
a foundation for a cognitive quantum �eld theory consistent with local causality and the
cognitive realizability of the observer.

Remark. A more rigorous formalization of the quantization of cognitive �elds requires
constructing a complete algebra of cognitive operators and a cognitive vacuum. This is
intended for future work.

12 Quantum Dynamics and the Evolution of Cognitive

States

Following the introduction of the cognitive wave function and cognitive �elds, the next
objective is to describe the evolution of cognitive states within the framework of unitary
quantum dynamics.

12.1 Cognitive Hamiltonian and Evolution

The cognitive state ψ(x, ℓ) ∈ H evolves with respect to the cognitive parameter ℓ, which
describes the position of the observable slice Σ3(ℓ) within the observer's tube. The evolu-
tion is governed by a unitary operator U(ℓ2, ℓ1), satisfying the Schr�odinger-type equation:

i
dψ

dℓ
= Ĥ(ℓ)ψ,

where Ĥ(ℓ) is a Hermitian operator depending on the local cognitive environment, includ-
ing the cognitive �elds Φ̂a(x, ℓ).

Unitarity of evolution ensures the conservation of the norm ∥ψ(ℓ)∥2, guaranteeing
consistency of cognitive reproducibility across states.

12.2 Spectral Structure and Observable Quantities

Observable quantities are represented by Hermitian operators Ô acting onH. The possible
outcomes of cognitive registration correspond to the eigenvalues of Ô, and the probability
of observation is determined by the projection of ψ onto the corresponding eigenspace.

The spectral structure of the cognitive Hamiltonian Ĥ de�nes the accessible cognitive
energy levels, and the evolution in the eigenbasis realizes a decomposition of cognitive
dynamics into modes.

12.3 Cognitive Interference E�ects

Since the cognitive evolution is unitary, coherence between components of the wave func-
tion is preserved. This enables the emergence of interference e�ects upon the superposition
of cognitive projections.
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Thus, cognitive superpositions yield statistically reproducible deviations from classical
predictions, in agreement with empirically observed quantum phenomena. Interference
manifests the unitary nature of cognitive evolution and the linearity of the cognitive tube.

Remark. At this stage, cognitive dynamics describes a one-particle quantum mechanics.
The transition to a cognitive quantum �eld theory requires the construction of a �eld
algebra and second quantization. This is planned as a subsequent development of the
hypothesis.

13 Measurement and Cognitive Decoherence

13.1 Operational De�nition of Cognitive Measurement

In the proposed hypothesis, measurement is not treated as a physical interaction with an
external device, but rather as the cognitive �xation of a projection of the state onto a
slice Σ3(ℓ) of the observer's tube. The measurement process consists in selecting a speci�c
subspace of the cognitive Hilbert spaceH, followed by the �xation of the cognitive function
within it.

The probability of such �xation is given by the squared norm of the projection:

PA = ⟨ψ|P̂A|ψ⟩,

where P̂A is the projector onto the subspace corresponding to the result A.

13.2 Decoherence as Loss of Cognitive Interference

When cognitive interactions occur with �elds or other subsystems, the cognitive state may
lose phase coherence with respect to a chosen basis. This is re�ected in the disappearance
of interference terms in the statistical sum of projections:

ρ(x, x′) → ρ(x, x)δ(x− x′).

This transition is interpreted as decoherence: the system ceases to cognitively repro-
duce superpositions and transitions to a probabilistic distribution.

13.3 Cognitive Stability of the Measurement Result

The observer's cognitive tube requires structural stability. Hence, measurement must yield
a state reproducible in repeated cognitive projections. This implies that the measurement
result is �xed as a stably decoherent cognitive state:

ψ(x, ℓ) −→ P̂Aψ(x, ℓ).

Thus, wave function collapse is not postulated but emerges as a limiting case of deco-
herence that ensures stability of cognitive �xation.

13.4 Relation to Unitary Evolution

At the level of the full cognitive tube, the entire dynamics remains unitary. Decoherence
and measurement arise as e�ective local processes, determined by the structure of projec-
tions and cognitive realizability. Therefore, unitarity is violated only within the restricted
operational model of projections, but not at the fundamental level.
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Conclusion. Measurement and decoherence are interpreted not as external physical
processes, but as consequences of the observer's limited cognitive structure and the re-
quirement for stable local �xation of cognitive information.

14 Dark Energy as a Cognitive Constraint

14.1 Finiteness of the Cognitive Tube and the Necessity of Bounded

Volume

The cognitive tube of the observer represents a localized region in four-dimensional Eu-
clidean space that enables coherent perception and cognitive �xation of emergent space-
time. Cognitive stability requires that the domain in which the principle of local causality
holds is �nite.

If the volume of the observable space tends toward in�nity, consistent cognitive �xation
and reproducibility of observations become impossible: even small violations of causality
at large scales accumulate and destroy cognitive coherence.

14.2 Cosmological Constant and Cognitive Realizability

In order for observable spacetime to remain cognitively stable, it must possess a �nite
three-volume on the slice Σ3(ℓ). Within general relativity, such a constraint can be
achieved through the presence of a positive cosmological constant:

Λ > 0 ⇒ closure of cognitively admissible space.

Thus, the presence of dark energy (in the form Λ > 0) is not an empirical parameter,
but a consequence of the cognitive requirement of observer realizability within an in�nite
Euclidean background.

14.3 Prediction: Asymptotic Isolation

If dark energy is fundamental and tied to cognitive stability, then as the universe expands,
the observer will gradually become cognitively isolated from distant regions. This pre-
diction aligns with contemporary forecasts of the thermal death of the universe and the
disappearance of observable galaxies beyond the horizon.

14.4 Dark Matter as an Incoherent Projection of the Field

Since observation in this hypothesis is a cognitive projection of the fundamental �eld onto
the coherent tube of the observer, not all components of the �eld participate in cognitive
�xation. Modes that fall outside the phase or coherence range of the tube may exert
gravitational in�uence but do not manifest as cognitive states.

This cognitively inaccessible yet metaphysically present content is interpreted as dark
matter. It does not participate in superpositions of observable quantum states, does not
contribute to cognitive interference, but a�ects the geometry of emergent spacetime.

Accordingly, dark matter may be understood as the projection of those modes of the
fundamental scalar �eld that are incoherent with the observer, yet still contribute to the
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e�ective gravitational metric. Its presence supports the cognitive connectivity of large-
scale structures (e.g., galaxies), which are necessary for the existence of stable embodied
observers.

Origin of Incoherence. More formally, the cognitive tube de�nes a spectral projector
P̂cog in the state space. Dark matter corresponds to modes orthogonal to the image of

P̂cog. These modes are:

� either geometrically localized outside the tube;

� or possess incoherent phase trajectories;

� or are dynamically incompatible with the observer's unitary cognitive evolution.

Hence, the origin of dark matter is not attributed to an additional �eld, but to the
limited cognitive projection of the fundamental �eld.

Conclusion. In the context of the local causality hypothesis, dark matter arises as
an incoherent yet gravitationally active part of the fundamental �eld�excluded from
cognitively reproducible states but necessary for the stability of the observed metric and
coherence of large-scale structure.

15 Quantum Field Theory as Cognitive Dynamics

15.1 Cognitive Field as a Section of an Operator Bundle

Let Σ3(ℓ) be a cognitive slice within the observer's tube, consistent with local Lorentz
invariance. We de�ne a cognitive �eld as a mapping

Φ : Σ3(ℓ) → A,

whereA is the algebra of linear operators on the cognitive Hilbert spaceH = L2(Σ3(ℓ),Cn).

Interpretation. The cognitive �eld Φ(x) acts as a cognitive transformer, linking local
observable projections with the global cognitive evolution of the observer. It encodes the
internal structure of cognitive symmetries and local observability.

15.2 Cognitive Field Dynamics

At scales permitting an e�ective approximation by smooth spacetime, the cognitive �eld
Φ satis�es the equation:

(□+m2)Φ(x, ℓ) = 0, (35)

where □ ≡ ηµν∂µ∂ν is the d'Alembertian in local coordinates on Σ3(ℓ)× ℓ, and m is the
cognitive mass of the �eld. This equation describes a stable local cognitive projection
under approximately Lorentz-invariant conditions.
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15.3 Algebra of Cognitive Operators

Let Π(x) = ∂ℓΦ(x, ℓ) be the conjugate operator. In the cognitive approximation, these
satisfy:

[Φ(x),Π(y)] = iδ3(x− y), [Φ(x),Φ(y)] = [Π(x),Π(y)] = 0. (36)

This algebra is consistent with the cognitive norm and unitary evolution, de�ning observ-
ables as functionals of Φ and Π acting on H.

15.4 Hamiltonian and Unitary Cognitive Evolution

The cognitive Hamiltonian of the observer is given by:

Ĥ =

∫
Σ3(ℓ)

[
1
2
Π2(x) + 1

2
(∇Φ(x))2 + 1

2
m2Φ2(x)

]
d3x, (37)

governing the cognitive evolution of states with respect to the parameter ℓ:

i
d

dℓ
|Ψ(ℓ)⟩ = Ĥ|Ψ(ℓ)⟩. (38)

15.5 Symmetries and Interactions

Cognitive �elds may carry indices corresponding to representations of SU(3), SU(2), U(1),
previously derived as minimal cognitive symmetries. Interactions are described by cogni-
tively admissible Lagrangians, invariant under these symmetries and preserving unitarity.

Speci�cally:

� Fermions transform under the fundamental representation of SU(3)×SU(2)×U(1);

� Gauge �elds represent local symmetry transformations and are described by con-
nections Aµ with curvature Fµν ;

� The Higgs mechanism is implemented cognitively via a �eld ΦH responsible for
spontaneous symmetry breaking and mass generation.

15.6 Path Integrals, Feynman Diagrams, and Renormalization

The probabilistic cognitive dynamics can equivalently be expressed through a path integral
of the form:

Afi =

∫
DΦ eiS[Φ], (39)

where DΦ is the measure over �eld con�gurations, S[Φ] the cognitively consistent action,
and Afi the transition amplitude.

Feynman Diagrams. Vertices and lines arise from expanding eiS in interacting terms
of the Lagrangian. Internal lines (virtual particles) correspond to cognitively non-coherent
transitions and are o�-shell.

Ultraviolet Divergences. At high energies (small scales), the cognitive approximation
of continuity leads to divergences in loop diagrams. This re�ects the limits of cognitive
applicability of the smooth �eld approximation.
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Renormalization. These divergences can be removed by regularization and cognitive
rede�nition of Lagrangian parameters (mass, charges, couplings), preserving theoretical
predictability and cognitive consistency with observations.

Interpretation. Renormalization is not an ad hoc procedure but a cognitive necessity
for maintaining stability and observability at small scales. It is fully compatible with the
principles of cognitive unitarity and probabilistic interpretation.

15.7 Spontaneous Symmetry Breaking as Cognitive Necessity

A cognitive system implementing an observer must be coherent but not necessarily in-
variant under the full symmetry group G. If the cognitive Lagrangian is invariant under
a continuous group G, but the cognitive vacuum |Ω⟩ is not,

∃g ∈ G : Û(g)|Ω⟩ ≠ |Ω⟩, (40)

then only a subgroup H ⊂ G preserving |Ω⟩ is �xed by the observer, and physical �elds
correspond to representations of H.

Example. For a cognitive Higgs �eld ΦH with potential

V (ΦH) = λ(Φ†
HΦH − v2)2, (41)

the minimum occurs at ⟨ΦH⟩ = v ̸= 0, breaking the symmetry and generating mass for
other �elds. Cognitively, this corresponds to a preferred direction in the projection space.

Interpretation. Spontaneous symmetry breaking arises from the stability requirement
of the observer's cognitive structure: the cognitive tube selects a stable observable state
that minimizes its internal cognitive energy but is not symmetric under the full equa-
tions. This is cognitively necessary for the emergence of distinguishable states and stable
particles.

15.8 Conclusion

Quantum �eld theory thus emerges in the hypothesis as an e�ective theory of local cog-
nitive observations within a stable cognitive tube. It preserves unitarity, symmetries,
and the probabilistic interpretation of the cognitive function, with observable particles
interpreted as �eld quanta in the cognitive Hilbert space.

16 Cognitive Constraints on Beyond Standard Model

Extensions

Since the hypothesis is based on the existence of a bodily, local, and stable observer,
possible extensions of physical theory beyond the Standard Model (BSM) are subject to
cognitive constraints. Only those extensions are admissible which are consistent with the
observer's cognitive tube and do not violate its realizability.
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16.1 Admissible Extensions

� Neutrino masses and the PMNS matrix: are allowed, since neutrinos possess
small but non-zero mass, enabling subluminal cognitive dynamics and interference.
Flavor oscillations correspond to cognitive transformations between modes.

� Fermion masses and Higgs-sector extensions: are allowed provided that sym-
metry is spontaneously broken and mass arises through cognitively admissible local
dynamics. Higgs-sector extensions must preserve unitarity.

� Sterile neutrinos: are admissible if they participate in cognitive dynamics and
allow projections onto the observer's tube. Their weak interactions are compatible
with gradient-level cognitive connectivity.

� Dark matter candidates: are admissible if the corresponding �elds are cogni-
tively realizable via gravitational e�ects or cognitively permissible weak coupling.
Examples include axions or weakly interacting massive particles (WIMPs).

16.2 Inadmissible Extensions

� Tachyonic �elds: are prohibited as they violate the subluminal structure of the
bodily cognitive tube, disrupting causality and locality.

� Non-degenerate extra dimensions: are inadmissible if they are not cognitively
realizable. Extra dimensions must be e�ectively compacti�ed below the cognitive
resolution scale.

� Nonlocal interactions: are ruled out, as they contradict cognitive locality and
continuous bodily evolution of the observer.

� Non-unitary models: are excluded because cognitive evolution requires norm
preservation and a coherent probabilistic interpretation.

Remark. Although a human observer cannot be cognitively localized in extreme regions
(e.g., the early universe or near black hole horizons), they can receive signals from such
regions within the cognitive tube. Therefore, only those extensions are admissible that can
be reconstructed from e�ects observable here and now, without violating the observer's
bodily coherence and stability.

Neutrinos, as particles with extremely small mass and near-luminal velocity (v ≲
c), play a special role in the cognitive structure. Their nearly lightlike speed permits
participation in cognitive dynamics without forming the bodily coherence of the observer.
This makes them natural carriers of weak cognitive interactions and helps explain the role
of SU(2) in the minimal cognitive symmetry group.

Although neutrinos interact very weakly with matter, they admit unitary �avor trans-
formations (PMNS matrix), which are cognitively realizable and observable. They can
thus be interpreted as markers of cognitive extent and of interactions at the boundary of
realizability�preserving bodily structure while expanding the observational phase space.
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16.3 Cognitive Constraints on Extensions

Only those extensions of physics are considered which are cognitively realizable by an
observer possessing a bodily, local, and stable cognitive tube consistent with local Lorentz
invariance. This excludes:

� extreme conditions (early universe, Planck-scale physics),

� topological transitions in cognition,

� �elds that violate local coherence or bodily realizability.

Clari�cation. Even though a human observer cannot be cognitively localized in ex-
treme environments (e.g., the early universe or near black hole horizons), they can still
receive signals from such regions within their cognitive tube. This implies that only ex-
tensions reconstructible from observable e�ects within the present cognitive frame are
admissible.

16.4 Conclusion

The cognitive hypothesis imposes a natural selection criterion for viable BSM models:
only those extensions that preserve unitarity, locality, and cognitive realizability relative to
the human observer's structure can be integrated as consistent extensions of the Standard
Model.

Thus, BSM extensions become physically meaningful only if they are observable and
cognitively stable. This makes the hypothesis both predictive and constraining.

17 Spacetime and Consciousness: Ontological Status

The constructed theory derives observable spacetime as an emergent phenomenon aris-
ing from the cognitive structure of the observer, operating within the fundamental four-
dimensional Euclidean space E4. Spacetime coordinates in this model are not fundamental
but represent projections of coherent perception along the observer's cognitive tube.

The cognitive tube, endowed with local causality, embodiment, and stability, gives rise
to the structure of coherent observables consistent with Lorentz invariance. This yields
the illusion of spacetime for the observer. Within this framework, time is not absolute but
a parameter of sequential cognitive projection consistently maintained across the tube.

Thus, space and time are cognitive, observer-dependent constructs. Their existence
and properties are determined not by external conditions but by internal constraints of
a stable observer. This radically distinguishes the model from classical realist interpreta-
tions, in which spacetime is taken as fundamental a priori.

Implications. This perspective resolves paradoxes in quantum gravity and the problem
of time in general relativity, unifying quantum mechanics and gravity without postulating
a graviton. Geometry, metric structure, particles, and �elds emerge from the cognitive
organization of the observer rather than from the fundamental structure of the world.
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17.1 Consciousness as Strong Emergence

Within the proposed hypothesis, consciousness is not postulated as a primitive entity and
does not require a new ontological category. Instead, it emerges as a cognitive phenomenon
within stable projections of the scalar �eld possessing the following properties:

� cognitive coherence and unitary evolution;

� locality and reproducibility of observations;

� a structure capable of self-observation and re�exivity;

� formation of observable spacetime as a cognitive projection.

In this context, consciousness is a structure that emerges from the fundamental �eld
but is not reducible to its local values. It requires a coherent global con�guration of
the observer's cognitive tube and plays a central role in the formation of all observable
physical phenomena, including space, time, causality, and probabilistic interpretation.

Thus, consciousness may be quali�ed as a phenomenon of strong emergence in a precise
sense: it is not directly derivable from the �eld equations, yet it becomes inevitable
under conditions of cognitive stability. Importantly, this emergence does not expand the
ontology�only the fundamental �eld remains, whose global con�guration generates both
the observer and their experienced reality.

Therefore, the hypothesis explains consciousness as a structural necessity arising within
physics, eliminating the gap between physical laws and subjective experience without the
introduction of additional entities.

17.2 The Transition of Philosophical Domains into Physics

If the hypothesis of local causality in Euclidean space with a cognitive observer is correct,
it profoundly shifts the boundary between philosophy and physics. Several traditionally
philosophical domains become physically formalizable and are integrated into theoretical
physics, making experimental veri�cation possible. Key areas transitioning into physics
under this hypothesis include:

� Philosophy of mind� Physics of cognitive structures : consciousness is described
as a stable cognitive tube satisfying physically de�ned coherence conditions, enabling
the formalization of criteria for the presence of consciousness and agency.

� Metaphysics of time and space � Emergent physics of spacetime: time and
space are not postulated but emerge from the structure of the cognitive tube. Their
properties follow from requirements for observability and causality.

� Epistemology � Physics of observation: the cognitive process of observation is
formalized as projection dynamics, thus granting cognition an operational physical
description.

� Philosophy of mathematics � Physics of cognitive forms : mathematical struc-
tures are interpreted as stable cognitive projections, unifying mathematical and
physical ontology.
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� Ontology � Physics of emergent existence: the concept of existence is cognitively
de�ned through the stability and reproducibility of observable projections.

� Philosophy of science�Metatheory of cognitive physics : the observer is included
within the theory, allowing criteria for scienti�city and falsi�ability to be formulated
as internal properties of the theory.

In this way, the hypothesis leads to a profound ontological and epistemological revi-
sion: physics becomes a self-contained structure encompassing the cognitive capacity of
the observer, and philosophical problems are subsumed under speci�c cases of physical
regularities.

18 Discussion and Outlook

The presented theory formalizes the hypothesis of local causality as a universal princi-
ple governing the organization of observable reality. Space, time, �elds, particles, and
interactions all emerge as cognitive phenomena enabling stable and coherent observation.
The theory demonstrates that quantum mechanics, general relativity, and gauge symme-
tries can be derived from a single operational principle, without postulating any speci�c
geometric or physical structures.

Of particular importance is the derivation of the observed symmetries of the Standard
Model as the minimal set necessary for the realization of a stable, local cognitive tube.
This includes SU(3) as a condition for embodiment, SU(2) as a requirement for coher-
ence, and U(1) as the minimal requirement for observability. This explanation endows
previously empirical structures with fundamental physical meaning.

Nevertheless, open questions remain. One of them is the necessity of a cognitive ob-
server for de�ning all observable quantities. This feature unites physics with the theory
of consciousness and poses the challenge of formalizing the observer within theoretical
physics. At the same time, it opens the possibility of experimentally testing the hypothe-
sis: observations under conditions of strong gravity or disrupted cognitive coherence may
lead to deviations from the predictions of the Standard Model.

The Operational-Anthropic Principle

According to the hypothesis, the observer is not an external entity but part of an emergent
cognitive structure. Their existence and properties are determined by the conditions of
cognitive stability, embodiment, and causality. This implies that the laws of physics are
as they must be in order for coherent cognitive observers to emerge within E4.

This principle combines features of both the anthropic approach and operationalism.
It does not claim that the observer in�uences physics, but rather that only those structures
admitting stable cognitive interpretation become physically realizable. This provides a
natural explanation not only for the parameters of the Standard Model, but also for
constants such as the �ne-structure constant, the proton mass, and the value of dark
energy.

Outlook. Potential directions for development include: re�ning the microstructure of
the cognitive �eld, constructing a cognitive statistical mechanics, rigorously describing
decoherence and collapse, and analyzing the impact of cognitive embodiment on the
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properties of interactions. Another important step will be the search for new testable
predictions under conditions of disrupted cognitive causality (e.g., near black holes or in
the early Universe).

Thus, the hypothesis opens a path toward unifying physics and the theory of conscious-
ness within a single mathematical formalism, grounded in local causality and cognitive
observability.

18.1 Ontological Status of Spacetime and Gravity

Within the hypothesis of local causality, space and time are not postulated a priori but
arise from the projective cognitive structure of the observer. The observer is formed as
a sequence of nested hyperplanes of perception, each of which provides a local basis for
interpreting the observable �eld.

This resonates conceptually with modern formulations of the anthropic principle [8],
according to which the properties of the observed Universe are conditioned by the exis-
tence of a conscious observer capable of perceiving them. Just as in quantum mechanics
observation a�ects the state of the system, here the cognitive ability to distinguish and
order events determines the very structure of time and space [21, 22].

Thus, spacetime acquires an ontologically derivative status. It does not exist inde-
pendently of the observer, but rather as a form of coherent organization of information
extracted from the fundamental �eld. This idea is close to Barbour's approach, which
views time as an ordering of con�gurations [4]. Gravity is interpreted as an e�ective �eld
supporting the coherence of this projective structure. Curvature of the metric re�ects
changes in the orientation of the hyperplanes Σ3(ℓ), from which the observable causal
structure emerges. Hence, gravity is not imposed externally, but arises as a means of
coordinating local coherent projections.

18.2 Operational-Anthropic Principle

A key consequence of the hypothesis is the formalization of the observer as a necessary
condition of physicality. The operational-anthropic principle implies that the observer
is not a post hoc selection condition, but the constructive foundation of physical reality
itself.

18.3 Limitations and Future Work

The present work focuses on the scalar �eld and the structure of the e�ective metric.
Further generalizations are necessary to incorporate:

� gauge symmetries and �elds of the Standard Model;

� fermions and spinor structure;

� quantum �eld theory as emergent statistics of coherent projections;

� topological degrees of freedom within the observer's projective structure.

In addition, the question of experimental signatures remains open. The hypothesis
may predict small deviations from the standard metric structure under conditions of
extreme geometric inhomogeneity�for instance, near singularities or event horizons.
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18.4 Conclusion

The hypothesis of local causality o�ers a conceptually novel perspective on fundamen-
tal physics, in which causality, space, and time are not postulated but arise as e�ective
consequences of limited operational interaction with the �eld. Gravity and general rela-
tivity follow from geometric requirements for coherent observation. This makes possible
a reinterpretation of the role of the observer�not as an external agent, but as a necessary
component of the structure of the physical world.

The cognitively constrained spectrum of the fundamental �eld ϕ leads to:

� natural suppression of low multipoles (especially ℓ = 2, 3);

� agreement of the spectral shape with Planck observations without postulating in-
�ation;

� the possibility of quantitatively tuning the model via parameters R, kcut, η, and
weighting functions W (k).

Thus, the hypothesis of local causality provides an alternative explanation of the
observed cosmic microwave background spectrum as a projective e�ect rooted in the
cognitive limitations of the observer.

19 Possibilities for Veri�cation and Falsi�cation of the

Hypothesis

The hypothesis of the cognitive nature of spacetime and matter�emerging from a locally
causal scalar �eld in 4D Euclidean space�admits both quantitative and qualitative exper-
imental tests. This section systematizes the main possibilities for its empirical veri�cation
and potential falsi�cation.

19.1 Experimental Routes to Veri�cation

� Deviations from the Standard Model under strong gravity. Since the hy-
pothesis posits that cognitive dynamics depend on local causality, observations of
high-energy phenomena (near black holes, neutron stars, or in the early Universe)
may reveal deviations from Standard Model (SM) predictions.

� Absence of a quantum of gravity. According to the hypothesis, gravity is
a metaempirical cognitive structure that does not admit a quantum (graviton).
Therefore, failure to detect the graviton supports the hypothesis, while its detection
would falsify it.

� Impossibility of gravitational superpositions. If coherent superpositions of
macroscopically distinct gravitational con�gurations are observed, this would con-
tradict the principle of local cognitive causality, which underpins the hypothesis.

� Physical limits on observer structure. Experiments probing the limits of cog-
nitive temporal thickness and embodied locality of the observer can also test the
hypothesis (e.g., measurements of the maximal gravitational gradient compatible
with cognitive stability).
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19.2 Falsi�cation Criteria for the Hypothesis

Criterion Description Implication
Graviton Detection of a graviton as

a physical quantum of the
gravitational �eld

Hypothesis falsi�ed

Gravitational superposition Observation of coherent
superpositions of di�erent
metrics

Contradiction with local
causality

Cognitive tube paradox Empirical demonstration
of an incoherent embodied
projection

Violation of cognitive bod-
ily stability

Violation of unitarity Detection of irreversible
quantum decay or an infor-
mation paradox

Incompatible with cognitive
unitary evolution

Matter without cognitive conditions Con�rmed existence of mat-
ter outside cognitive observ-
ability

Rejection of the
operational-anthropic
principle

Table 1: Main experimental falsi�cation criteria for the hypothesis

Conclusion. The hypothesis admits testable quantitative predictions and qualitative
assessments. Falsi�cation is possible through the detection of a gravitational quantum,
gravitational superpositions, or violations of cognitive stability.

20 Conclusion

This work proposes a hypothesis in which the observed structure of spacetime is an emer-
gent projection of a fundamental scalar �eld in four-dimensional Euclidean space E4,
arising only in the presence of a cognitively complete observer. A central element of
the hypothesis is the Generalized Principle of Causality (GPC), which asserts the inde-
pendence of the causal structure in each inertial reference frame (IRF), while ensuring
consistency in the limit of vanishing relative velocities.

Based on the GPC and the symmetry of the Euclidean Laplace equation:

� coordinate transformations are derived that coincide in form with the Lorentz trans-
formations;

� both postulates of special relativity�the principle of relativity and invariance of the
speed of light�are recovered;

� observable time is introduced as a parameter along the normal to the perceptual
hyperplane;

� within the geometric construction of the observer in E4, a scale vt is introduced,
characterizing the maximum speed of projective interaction. This scale determines
the normalization of operational time and serves as an invariant under transitions
between inertial hyperplanes. Upon identifying vt = c, this parameter acquires the
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physical meaning of the limiting signal propagation speed and enables the recovery
of a Lorentz-invariant interval structure.

These results are obtained without a priori introduction of the Minkowski metric or
time as a fundamental quantity, demonstrating the strength of the emergent approach.

Particular attention is given to the role of the observer, interpreted as a cognitive sys-
tem capable of actualizing a projection of spacetime through internal unitary dynamics.
Operational criteria for cognitive completeness are introduced (information integration,
recursion, frequency �ltering, and causal locality), which constrain the admissible percep-
tual hyperplanes and de�ne the direction of subjective time.

The hypothesis has not only physical and mathematical signi�cance but also philo-
sophical relevance: it uni�es relational realism, informational theories of consciousness,
and fundamental geometry. Instead of postulating an objective spacetime, the hypothesis
posits the observer as a necessary condition for its manifestation.

Outlook

The proposed model opens several promising directions for further development:

� Generalization to nonlinear and tensor �elds, potentially leading to a recon-
struction of gravity in the spirit of geometrodynamics;

� Functional quantization as projection onto families of coherent hyperplanes;

� Reconstruction of gauge symmetries through constraints on consistent projec-
tions, o�ering a possible derivation of the Standard Model;

� Formalization of projection alignment mechanisms between observers,
including probabilistic coherence and limits of cognitive compatibility;

� Experimental tests of di�erences between direct and observable transfor-
mations, particularly under conditions of quantum decoherence and high relative
velocities.

Thus, the hypothesis of local causality in Euclidean space, complemented by cognitive
actualization and an operational de�nition of time, constitutes a potentially uni�ed con-
ceptual framework capable of explaining the origin of key structures in modern physics
from a more fundamental level of description.
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A Variation of the Action and Derivation of Einstein's

Equations

This appendix provides a detailed derivation of Einstein's equations by varying the di�eomorphism-
invariant action:

S[g, ψ] =

∫ [
1

2κ
R + Lmatter(ψ, gµν)

]√
−g d4x, (42)

where Lmatter is the matter Lagrangian and g = det(gµν).

A.1 Variation of the Scalar Curvature

We use standard variational identities:

δ
√
−g = −1

2

√
−g gµν δgµν , (43)

δR = Rµν δg
µν +∇µ(∇νδg

µν − gαβ∇µδgαβ), (44)

where the second term in (44) is a total divergence and vanishes under appropriate bound-
ary conditions.

Substituting into the gravitational part of the action:

δ

(∫
1

2κ
R
√
−g d4x

)
=

1

2κ

∫ (
Rµν − 1

2
gµνR

)
δgµν

√
−g d4x.
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A.2 Variation of the Matter Action

The stress-energy tensor is de�ned as the variation of the matter Lagrangian with respect
to the metric:

Tµν := − 2√
−g

δ(
√
−gLmatter)

δgµν
. (45)

For a scalar �eld ψ with action:

Lmatter =
1

2
gµν∇µψ∇νψ − 1

2
m2ψ2,

we obtain:
Tµν = ∇µψ∇νψ − 1

2
gµν
(
∇λψ∇λψ −m2ψ2

)
. (46)

A.3 Einstein's Equations

The full variation of the action (42) with respect to gµν yields:

δS =

∫ [
1

2κ

(
Rµν − 1

2
gµνR

)
− 1

2
Tµν

]
δgµν

√
−g d4x.

Setting the variation to zero for arbitrary δgµν gives Einstein's equations:

Rµν − 1
2
gµνR = κTµν . (47)

A.4 Comment on Boundary Conditions

In the derivation of the equations, we assumed that the metric variations δgµν vanish on
the boundary of the integration domain, or that the boundary terms are compensated by
the addition of the Gibbons�Hawking�York boundary term[20]:

SGHY =
1

κ

∫
∂M

K
√
h d3x.

A.5 Conclusion

Thus, using the standard scalar �eld Lagrangian and the Einstein�Hilbert geometric ac-
tion, Einstein's equations (22) follow rigorously from the principle of least action, with all
variational steps mathematically well-de�ned.

44


	Introduction
	Generalized Principle of Causality (GPC)
	Formulation
	Role of the Observer

	Four-Dimensional Euclidean Model
	Initial Assumptions

	Derivation of Lorentz Transformations from the Model
	Constraints on the Class of Reconstructions
	Derivation of Lorentz Transformations
	Time Normalization and the Identity  vt = c 
	Minimal Derivation of Lorentz Transformations
	Conclusion

	Derivation of Energy, Momentum, and Mass from Noether’s Theorem
	Euclidean Space E4
	Scalar Field  and Its Equation
	Lagrangian and Action
	Noether's Theorem and the Energy–Momentum Tensor T
	Observer and Hypersurface 3()
	Observable Energy E
	Observable Momentum Pi
	Four-Momentum P and Mass m

	Derivation of General Relativity from the Local Causality Hypothesis
	Emergent Metric and the Physical Interpretation of Gravity
	Derivation of the Postulates of General Relativity
	Justification of the Action Structure
	Full Action and Einstein Equations
	Conclusion

	Singularities and Planck-Scale Limits in the Projective Model
	Degrees of Causality Violation and Cognitive Stability of the Observer
	Exact Satisfaction of the Causality Principle in E4
	Weak Causality Violation and Cognitive Adaptation
	Boundary of the Observer's Cognitive Stability
	Geometry of the Observer’s Projection Tube
	Physical and Cognitive Implications

	Deriving Quantum Physics
	Formalization of the Observer’s Cognitive Tube
	Unitary Cognitive Evolution
	Probabilistic Interpretation of the Cognitive Function
	Superdeterminism, Uncertainties, and Bell's Theorem


	Symmetries and Particles as Cognitive Representations
	Minimal Symmetries as Cognitive Requirements
	Particles as Representations of the Cognitive Gauge Group
	Constraints and Testing of Cognitive Symmetry
	Number of Particle Generations

	Interaction Fields, Symmetry Breaking, and Mass
	Cognitive Fields as Emergent Perturbations
	Generalized Gauge Cognitive Invariance
	Symmetry Breaking Mechanism and Mass
	Outlook Toward Quantum Field Theory

	Quantum Dynamics and the Evolution of Cognitive States
	Cognitive Hamiltonian and Evolution
	Spectral Structure and Observable Quantities
	Cognitive Interference Effects

	Measurement and Cognitive Decoherence
	Operational Definition of Cognitive Measurement
	Decoherence as Loss of Cognitive Interference
	Cognitive Stability of the Measurement Result
	Relation to Unitary Evolution

	Dark Energy as a Cognitive Constraint
	Finiteness of the Cognitive Tube and the Necessity of Bounded Volume
	Cosmological Constant and Cognitive Realizability
	Prediction: Asymptotic Isolation
	Dark Matter as an Incoherent Projection of the Field

	Quantum Field Theory as Cognitive Dynamics
	Cognitive Field as a Section of an Operator Bundle
	Cognitive Field Dynamics
	Algebra of Cognitive Operators
	Hamiltonian and Unitary Cognitive Evolution
	Symmetries and Interactions
	Path Integrals, Feynman Diagrams, and Renormalization
	Spontaneous Symmetry Breaking as Cognitive Necessity
	Conclusion

	Cognitive Constraints on Beyond Standard Model Extensions
	Admissible Extensions
	Inadmissible Extensions
	Cognitive Constraints on Extensions
	Conclusion

	Spacetime and Consciousness: Ontological Status
	Consciousness as Strong Emergence
	The Transition of Philosophical Domains into Physics

	Discussion and Outlook
	Ontological Status of Spacetime and Gravity
	Operational-Anthropic Principle
	Limitations and Future Work
	Conclusion

	Possibilities for Verification and Falsification of the Hypothesis
	Experimental Routes to Verification
	Falsification Criteria for the Hypothesis

	Conclusion
	Variation of the Action and Derivation of Einstein's Equations
	Variation of the Scalar Curvature
	Variation of the Matter Action
	Einstein's Equations
	Comment on Boundary Conditions
	Conclusion


