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Abstract

A hypothesis of local causality is proposed, according to which the
causal structure is formed independently within each inertial frame
of reference (IFR), and the notion of an event is defined only within
the bounds of the observer’s cognitive accessibility. Space and time
are not treated as fundamental entities, but rather as emergent cog-
nitive constructs arising from the consistent reconstruction of causal
relations. A distinction is introduced between direct (external) and
observable (cognitive) transformations, corresponding respectively to
formal mappings of causal structures and internally consistent modifi-
cations of the observer’s memory. It is shown that cognitive structures
may differ even between observers within the same IFR, and their rec-
onciliation requires admissible cognitive interaction. Using a scalar
field model on R?, it is illustrated how multiple spacetimes can emer-
gently arise from a single underlying superstructure. Conditions are
established under which observable transformations take the form of
Lorentz transformations as cognitively coherent transitions between
IFRs. Physical implications and future directions are discussed, in-
cluding the cognitive nature of matter and time, and the possibility of
describing interactions without reference to global spacetime.
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1 Introduction: From Global Events to Local
Causality

Modern physical theories—from special and general relativity to quantum
field theory—presuppose the existence of a global spacetime. In this frame-
work, each global event is interpreted as a point on a smooth four-dimensional
manifold with fixed coordinates, objectively existing independently of any
observer |11, 2].

However, such an approach contradicts the operational limitations of ob-
servation. Even in formalized theories of causality, such as the theory of
causal networks [3], causality remains a global concept, defined relative to
a fixed structure. In real conditions, an observer always operates within a
finite inertial frame of reference (IFR) and can only register events that are
causally accessible from within that frame [4, 5] [6]. Events outside the ac-
cessible causal structure are not only empirically inaccessible but also lack
unambiguous definitions in terms of observable quantities.

This work proposes the hypothesis of local causality, according to which
causality is realized locally and independently within each IFR, and the very
notion of an event is defined not globally but only within the observable
causal structure of a given observer. Space and time, in this view, are not
treated as fundamental entities, but as cognitively determined constructs
arising from the consistent reconstruction of causal relations [6 [7].

Let M denote the formal set of all potential events, without any onto-
logical status. Each observer operates only within their own causal sectionﬂ
Co C M, defined by the physical and cognitive limitations of their TFR.
Formally,

Co={peM|Igero:pe ()UJ (q)},

where 7o is the locally stable cognitive-physical structure of the observer in
the IFR O, including their body, sensory mechanisms, memory, and internal
states responsible for registering and interpreting events. Here, J (¢q) and
J*(q) denote the allowed causal past and future relative to the state ¢ € yo.

It is important to emphasize that both the structure v» and its internal
components also belong to Cp, as they are defined within the accessible causal
domain. This structure is internal to the observer and does not presuppose
external observability.

This formulation yields an important consequence: when the observer
transitions between I[FRs—that is, undergoes a change of state, including

I'The term causal section is used here as an author-defined concept. It denotes the
region of the causal structure accessible to the observer, but does not coincide with the
notions of Cauchy slices or hypersurfaces in general relativity.



velocity—all internal states, including memory, must remain cognitively con-
sistent with the causal structure of the new IFR. This may require admissi-
ble information modification: the observer may perceive as part of their past
events that had no admissible cause in the previous IFR, but become causally
admissible in the new one—provided that a consistent reconstruction of the
event structure is maintained.

In this context, it is essential to distinguish between two aspects of the
past:

e the real causal structure, defined in the formalism of external descrip-
tion, including the admissibility conditions of direct transformations
between IFRs;

e the cognitively reconstructed past, represented in the observer’s memory
and determined by the accessible event structure.

It is the latter that ensures the observer’s internally coherent represen-
tation of the world and serves as the basis for the emergence of observable
spacetime.

To describe transitions between IFRs, we distinguish two types of trans-
formations:

e Direct transformations—formal mappings between the causal structures
of different IFRs. These are defined externally and determine the ad-
missibility of events and states;

e (Observable transformations—reconstructions performed by the observer,
based on memory and available causal connections. These transfor-
mations reflect not what actually happened, but what is cognitively
consistent with the internal dynamics of the subject.

This distinction is fundamental: even in the presence of significant differ-
ences in the direct causal structure, the observer does not register contradic-
tions as long as their cognitive system remains internally coherent.

Such an approach is consistent with relational and operational interpreta-
tions of quantum mechanics, as well as with developments in quantum grav-
ity based on non-fixed causal structure [5, 6, [7, [§]. In the following sections,
we show how coherence of observable structures can give rise to emergent
spacetime without invoking a global metric or background structure.

It should also be noted that the cognitive structure of the observer is
formed individually. Even within the same IFR, different observers may have
distinct trajectories of perception, accessible causal links, and contents of
memory. Therefore, an event accessible to one observer does not necessarily



belong to another’s cognitive structure without additional reconciliation. The
coordination of events between observers requires cognitive compatibility and
admissible memory reconstruction, rather than being derivable from global
geometry. This allows one to abandon the idea of a universal space of events
in favor of local eventhood, coordinated through internal cognitive dynamics.

2 Formulation of the Hypothesis and Core Pos-
tulates

Formally, the hypothesis is introduced through two postulates that define
the structure of causality as cognitively constrained and dependent on the
observer’s frame of reference.

The proposed hypothesis of local causality is formulated as an alterna-
tive to the global approach to spacetime. Its foundation lies in abandoning
the assumption of a single global causal structure and transitioning to op-
erationally defined local structures accessible to individual observers. Two
postulates play a central role:

e Postulate 1 (Local Causality): The principle of causality applies

separately and independently within each distinct inertial frame of ref-
erence (IFR). [

Commentary: This means that the causal structure available within
one IFR cannot be directly transferred to another; each IFR possesses
its own admissible system of events, determined by the available inter-
actions.

e Postulate 2 (Coherence in the Limit): If the cognitive structures
of two observers in different IFRs become sufficiently close such that
their accessible causal connections nearly coincide, then applying the
principle of causality in each IFR becomes approximately equivalent to
applying it to the combined structure.

Commentary: This cognitive convergence corresponds to a situation
analogous to the vanishing of relative velocity between IFRs in the

2In classical theories, distinct IFRs are defined by differences in velocity. Here, due
to the absence of fundamental space and time, the distinction between IFRs is defined
cognitively—by the inconsistency of their causal sections. Nevertheless, in the limit of
cognitive coherence, this distinction approximately corresponds to the notion of relative
velocity between IFRs.



classical picture, even though space and time are not treated as funda-
mental entities in this hypothesis. It expresses the requirement of con-
sistency in descriptions under infinitesimal differences between frames
of reference, ensuring the cognitive and physical coherence of the ob-
servable dynamics.

These postulates reflect a minimally sufficient structure: they do not
assume global time, absolute space, or any predefined metric. Causality here
is not an a priori global relation, but an empirically defined and operationally
localized structure.

This approach continues the logical line of relational and operational in-
terpretations of quantum theory and quantum gravity, in which fundamental
concepts are defined through measurements and interactions accessible to the
observer [5] [0}, [7, §].

The above postulates immediately imply several important conceptual
consequences, which are formalized in subsequent sections:

1. For each observer, there exists a distinct causal section Co C M, con-
sisting of events accessible to perception and influence within their IFR.
This set is determined by the physically realizable cognitive structure
of the observer.

2. Transitions between IFRs may lead to admissible changes in the causal
structure and, consequently, to cognitively coherent reconstructions of
the observer’s memory.

3. Space and time are not introduced as fundamental entities, but are
considered emergent, cognitively derived from coherent transitions be-
tween [FRs.

4. Tt is essential to distinguish two types of transformations between IFRs:
direct transformations, which describe how the structure of admissible
events changes, and observable transformations, which describe how
the observer cognitively interprets the change of frame, based on their
memory and current observations.

The entire subsequent structure of the article is built solely on these two
postulates. Their rigor and minimalism allow a broad range of phenomena to
be derived—from emergent spacetime to the recoverable correspondence with
Lorentz transformations—as consequences of cognitive coherence between lo-
cal causal structures.

These two postulates replace the traditional axioms of spacetime and
define a new cognitive-operational ontology of causality.



3 Minimal Cognitive Structure of the Observer

Within the proposed hypothesis, the observer is not treated as an external
abstraction with full access to a global structure of events, but as a physi-
cally realizable system localized within a specific inertial frame of reference
(IFR) and constrained by its causal domain. This approach aligns with
relational and operational interpretations of quantum theory, in which fun-
damental concepts are defined solely through accessible measurements and
interactions [4] 6] [7].

To construct the necessary framework formally, we introduce the notion
of the minimal cognitive structure of the observer, which ensures the ability to
register, distinguish, and reconcile events within the observer’s causal section.

3.1 Definition

The minimal cognitive structure of the observer in an IFR O is a locally
stable subsystem, denoted o, which:

1. is physically realized within the observer’s body and embedded in the
causal structure Cp;

2. is capable of retaining and processing information about previously
perceived events;

3. permits locally coherent differentiation of the sequence of events;

4. maintains cognitive consistency under admissible transitions between

IFRs.

This structure enables the observer to order events, distinguish past from
future, and construct a cognitively coherent representation of the observed
world.

3.2 Physical Content

Physically, 7o may be implemented, for example, as a physical body with sta-
ble internal degrees of freedom capable of registration and interpretation [9].
Examples include:

e material memory substrates (e.g., neural configurations or equivalent
structures);

e sensory channels of perception;

e internal mechanisms for filtering and distinguishing causal connections.



3.3 Formal Stability Condition

Let 7o be the cognitive structure in the IFR O, and Cp the corresponding
causal section. Then the stability of 7o implies that for a small deformation
Yo — Vo, inducing a transformation Co — C,, the following holds:

Vp € CoNCy: the cognitive interpretation of event p is preserved.

In other words, the observer continues to interpret all shared events p coher-
ently in both structures, despite possible reconstruction of memory. This is
consistent with Postulate 2 concerning coherence in the limit.

3.4 Role in the Causal Structure

The structure v» is an integral part of the observer’s causal section. It
participates in defining the set of events Cp via the condition:

Co={peM|Igero:pe (9UJ (q)}.

Thus, the cognitive structure not only conforms to causality but also defines
the observable world itself.

3.5 Transitions Between IFRs and Coherence

Transitions between IFRs may involve transformations that alter the causal
structure. However, the cognitive structure y» must retain internal coher-
ence. This may require admissible modifications of memory and perception,
but not a breakdown of the ability to interpret events in the new IFR. The
stability of 7o guarantees that the observer can continue to identify them-
selves and their observations after the transition.

3.6 Implications

Hence, the minimal cognitive structure of the observer:

e provides the basis for constructing the causal structure within a given
IFR;

e defines the domain of admissible observable transformations;

e serves as a physically realizable and informationally stable anchor for
emergent space and time.



The stability of the cognitive structure requires not a global identity of
eventhood, but consistency of memory and admissibility of causal recon-
struction in the new IFR. Even if two observers are situated within the same
physical IFR from the perspective of an external formalism, their cognitive
structures Co may differ. This difference arises from individual trajectories
of perception vp, differing access to causal connections, and differing mem-
ory contents. Consequently, an event belonging to one cognitive structure
is not required to belong to the other until cognitive interaction occurs, ac-
companied by memory reconstruction within the framework of new causal
admissibility.

4 'Two Types of Transformations

In the proposed approach, two fundamentally distinct types of transforma-
tions between inertial frames of reference (IFRs) play a central role: di-
rect transformations and observable transformations. These describe, respec-
tively, the external (formal) and internal (cognitive) mappings of the event
structure during transitions between IFRs. Similar distinctions between ex-
ternal (global) and internal (local or agent-based) descriptions of eventhood
are discussed in [6} [7, 8], as well as within reconstructions of quantum theory
from information-theoretic principles [10].

4.1 Direct Transformations

Direct transformations represent formal correspondences between the causal
structures of different IFRs. They express the relation between Co» and Cor,
where events, states, and processes from one IFR are mapped onto another
in accordance with the postulate of local causality. These do not assume a
global spacetime but logically require some more fundamental structure (e.g.,
a Euclidean superstructural space), within which such mappings become de-
finable.
Thus, direct transformations:

e determine which events in one IFR can be interpreted as admissible
from the viewpoint of another IFR’s causal structure;

e imply an external perspective: they are not directly accessible to the
observer and function as a mathematical tool for describing coherent
transitions between causal sections;

e are only defined if there exists a mapping between cognitive structures
Yo — Yo compatible with causality.



If such a mapping is absent (e.g., due to excessive disparity between IFRs),
direct transformations become undefined. This means that from a formal
standpoint, event correspondence between these IFRs is indeterminate.

4.2 Observable Transformations

Observable transformations describe how the observer themselves interpret
the transition between IFRs based on accessible data: memory, sensations,
and current observations. They are formed internally within the cognitive
system and define how the observer reconstructs the structure of space and
time after the transition.

Observable transformations:

e are defined solely by events accessible to the observer, belonging to Cp;

e ensure cognitive consistency: the observer must not register conflicts
between past and present;

e may differ from direct transformations, especially when the causal struc-
ture changes during the IFR transition;

e approach identity in the limit of vanishing relative velocity between
IFRs (by Postulate2).

Cognitive reconstruction here refers to the process of aligning the inter-
nal causal structure of the observer in the new IFR with the structure they
possessed prior to the transition. The observer aims to interpret incoming
information such that a coherent history is restored—where memory, per-
ception, and the logical consistency of events do not conflict. This does
not require full physical equivalence between IFRs but does demand that
the new cognitive picture preserve the identity and continuity of subjective
experience.

This interpretation is in line with operational approaches in quantum
mechanics and theoretical frameworks with undefined causal structure [IT,
12], which prioritize descriptions realizable from within local observers.

Under the hypothesis of local causality, no global real causal structure
exists. Nevertheless, for formal analysis, the real causal structure can be
interpreted as one derived from direct transformations, i.e., a mathematically
constructed configuration of admissible events stemming from an underlying
structure not directly observable. In contrast, the observable structure is
determined solely by the cognitively accessible events in a given IFR.



4.3 Constraints on Observable Transformations

Observable transformations are possible only under the condition of cognitive
stability. This means that the observer’s memory, body, and perception
(7o) must be reconstructible in the new IFR in a way that avoids internal
contradictions.

Formally, observable transformations are admissible if there exists a causally
coherent mapping

Yo — Yo,

where both structures belong to their respective Cpo and Cp and are
consistent with local cognitive dynamics. Here, 7o denotes the observer’s
cognitive configuration, including memory, bodily state, and perceptual pa-
rameters.

If causal reachability between events is entirely absent and no cognitively
coherent continuation of the observer’s history exists in the new IFR, then
observable transformations become meaningless: such a transition is deemed
physically and cognitively impossible. This agrees with the operational in-
terpretation of IFR transitions: only those allowing consistent memory and
identity reconstruction are considered realizable.

Thus, while direct transformations may be mathematically definable over
a broader domain, only those allowing cognitive realization hold physical
meaning within the hypothesis of local causality.

Observable transformations are formed individually for each observer.
Even if two observers share the same IFR, their cognitive structures Co may
differ, as they depend on individual perceptual trajectories, memory contents,
and accessible causal links. Hence, event coordination between observers is
not guaranteed by sharing an IFR, but requires cognitive interaction and
admissible memory reconstruction. This highlights that the physical meaning
of observable transformations lies not in global objective universality, but in
the individual coherent reconstruction of the causal world.

It should be emphasized that even when the equations for observable
transformations formally coincide with Lorentz transformations, this coin-
cidence should not be interpreted as evidence of a fundamental spacetime
symmetry. Rather, it reflects the cognitive limit of coherence between TFRs
and indicates operational consistency of eventhood, not a global geometric
structure.

10



4.4 Interpretation of the Distinction

The distinction between direct and observable transformations reflects a fun-
damental divide between objectively possible structures and those cogni-
tively reconstructible by an observer within limited causal accessibility. Di-
rect transformations define ontologically admissible correspondences, while
observable transformations define epistemically admissible cognitive projec-
tions.

4.5 Transformational Function in the Hypothesis

In the generalized causality hypothesis:

e Direct transformations define which events are compatible with exter-
nal descriptions within some fundamental structure % [}

e Observable transformations ensure the coherent reconstruction of the
observer’s internal world;

e Space and time emerge as cognitively coherent constructions formed
through observable transformations.

More formally, the observed event structure Co(t) experienced by observer
O at cognitive time ¢ can be represented as the result of applying a cognitive
projection operator Ay o4 to a more fundamental structure 5:

Co(t) = Ay, (B).

Here, the anchor y(O,t) specifies the observer’s cognitive configuration
at time ¢, including memory, bodily state, and perceptual parameters. This
scheme does not play a central role in the present article but conceptually
supports the idea that the causal picture of the world can emerge as a co-
herent reconstruction of a limited portion of a deeper configuration. Further
exploration of such projections will be presented in future work.

This distinction between the physical and cognitive levels explains how
an observer can interpret a continuous experience even during transitions
between causally distinct IFRs, while maintaining internal coherence and
cognitive stability.

398 denotes some fundamental, not directly observable structure that allows formal
event mappings between IFRs. Its precise nature is not specified in this paper, though
future work is planned.

11



4.6 Cognitive Coherence of Events

Since observable transformations are based on a consistent reconstruction of
the observable past, they must ensure cognitive consistency: events already
present in the observer’s memory and still admissible in the new IFR must
be interpreted so as to preserve a coherent history.

Formally, observable transformations satisfy the condition of cognitive
coherence:

pEYoNCo = fors(p) € Yor.

This condition does not require full identity of event structures but guar-
antees that admissible memory elements can be cognitively reconstructed
without contradictions. Events inadmissible in the new IFR may be forgot-
ten or replaced by cognitively equivalent ones, while the observable world
remains consistent. In other words, observable transformations aim at cog-
nitive coherence, not exact physical correspondence.

4.7 Compatibility with Lorentz Transformations

In classical special relativity, Lorentz transformations play the role of funda-
mental symmetry transitions between IFRs. Under the hypothesis of local
causality, however, they are regarded as emergent forms arising under two
conditions:

1. Strict Event Preservation: Observable transformations must map
events from Cp to Cor such that memory reconstruction preserves causal
admissibility and internal consistency.

2. Coherence in the Limit: In the limit where relative acceleration or
velocity between [FRs vanishes, observable transformations must ap-
proach the identity map. This corresponds to Postulate 2 and ensures
continuity of the cognitive structure.

Here, strict event preservation does not mean absolute invariance, but cog-
nitive coherence: events stored in memory and admissible in the new causal
structure must be reconstructed so as to preserve a consistent history. This
aligns with Postulatel and underscores that observable transformations op-
erate within cognitive admissibility, not global physical symmetry.

Since Lorentz transformations minimally deform causal structure while
preserving events, they satisfy these conditions. Therefore, we may state:

12



Claim: Lorentz transformations are admissible observable trans-
formations for transitions between IFRs that allow cognitively
coherent reconstruction of event structure.

This claim does not assert that Lorentz transformations are fundamen-
tal. On the contrary, it shows that such transformations can emerge as a
result of cognitive optimality: Lorentz-invariant transformations minimize
the discrepancy between reconstructed memory and admissible direct struc-
ture, thereby preserving consistency in the observed spacetime.

Hence, within the hypothesis of local causality, Lorentz transformations
acquire not a fundamental, but a cognitively coherent status—they are real-
ized as admissible observable transformations that maintain descriptive sta-
bility during frame transitions.

A similar logic appears in |13, 14], where Lorentz symmetry is derived as
a consistency requirement among local viewpoints in agent-based theories.

Importantly, the equations of Lorentz transformations can be exactly re-
alized as a form of observable transformations in cases where the observer’s
excitations are cognitively reconstructed into a coherent and consistent event
structure. This permits the use of Lorentz transformations as an exact de-
scription of cognitive reconstruction, without assuming global symmetry or
universal invariance. Thus, exact Lorentz invariance is permissible within
the hypothesis but not required as a universal principle.

Although a rigorous definition of minimality in cognitive reconstruction re-
quires further formalization (e.g., a metric or functional on the space of causal
structures), it is already evident that Lorentz transformations possess proper-
ties that make them particularly suitable: they implement smooth, invertible
transitions between IFRs while preserving consistency of event descriptions
with minimal memory modification. This renders them cognitively optimal
among admissible observable transformations—in the sense that they mini-
mize the need to reconstruct causal connections and preserve the coherence
of observable experience.

5 A New Definition of an Event

Within the framework of the local causality hypothesis, the classical defini-
tion of an event as a global point in spacetime loses its universal status. Since
space and time are not treated as fundamental entities, and the observer is
restricted to their causal section Cp, the very notion of an event must be
redefined in operational and cognitive terms.
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The classical conception of an event as a point in spacetime has been
challenged in relational and operational interpretations of quantum theory, as
well as in reconstruction programs based on informational principles [7], 8, [10].

5.1 Limitations of the Traditional Definition

In standard formulations, events are identified with points on a global man-
ifold equipped with a metric and causal structure. This definition:

e presupposes the objective existence of all events independently of any
observer;

e requires a globally accessible spacetime “in its entirety”;

e ignores the limited accessibility of an observer confined to a particular
inertial frame (IFO).

However, as shown in the previous sections, the observer only has access
to events within their own causal section Cp, and transitions between IFOs
involve cognitively admissible reconstructions of accessible past information.
Therefore, the notion of an event must be redefined within the local cognitive
structure.

5.2 Operational Definition of an Event

Definition: An event is an element p € Cp, cognitively registered by an
observer in IFO O as a causally accessible interaction that leaves a stable
trace in perception or memory.

This definition rests on three key criteria:

1. Accessibility: The event p must lie within J~(¢) U J*(gq) for some
q € 705

2. Cognitive registration: The event must be registered or mediated
through perception, measurement, or causal influence;

3. Coherence: The interpretation of the event must be consistent within
the current cognitive structure.

This definition of events as functional interactions aligns with agent-based
approaches in quantum gravity [I1, 4], in which causality is defined from
within the observer.

14



5.3 Observability and Eventhood

Not all potential elements of the set M qualify as events. Eventhood is not
ontological but cognitive: it depends on accessibility and registrability within
the context of a given IFO. Accordingly, an event does not “exist by itself”
but is defined through its operational function in the observer’s cognitive
structure.

This approach avoids logical inconsistencies inherent in globalist formu-
lations and is consistent with relational and operational interpretations of
physical quantities |4} [6].

5.4 FEvents and Observable Transformations

Since observable transformations provide a cognitively coherent reconstruc-
tion of experience when transitioning between IFOs, they also determine the
admissible rewriting of eventhood. An event p € Cp preserved in memory
continues to exist in Co only if its reconstruction remains cognitively consis-
tent.

In other words, eventhood is dynamic and contextual, and the event struc-
ture arises as a cognitively coherent interaction between the observer and the
underlying structure.

This reflects the fundamental divergence between ontological and epis-
temic approaches to physical reality, emphasized in frameworks with indefi-
nite causal order [12].

5.5 Formal Reduction

Given the above, the set of events for an observer in ITFO O can be formally
defined as:

Eo = {p € Co | there exists a registration or influence consistent with vo} .

This set is dynamic and may be modified upon transition to another IFO,
provided cognitive stability is maintained. Thus, an event is not a point in a
global space but a cognitively defined and operationally registered interaction
that is admissible within the current causal structure.

6 Toy Model: Events as Cognitive Minima in
a Scalar Field on R?

To illustrate the key aspects formulated in the preceding sections—particularly
the dependence of eventhood on the observer’s cognitive structure and the ab-

15



sence of a global spacetime—we consider a simple model in the two-dimensional
Euclidean space R?, where the fundamental entity is a real scalar field ¢(x, ).
This field possesses no internal symmetries or dynamics; it is given as a static
distribution of values over the plane. Neither the x- nor the y-axis is distin-
guished, reflecting the absence of any fundamental difference between space
and time in the underlying structure.

Abstract models of this kind, in which temporal structure emerges from
the observer’s choice, appear in agent-based reconstructions of quantum the-
ory and in theories of emergent time [9] [7, 14].

In this model, space and time are not predefined but emerge as cognitive
constructions of the observer, shaped by the choice of causal interpretation
direction.

6.1 Cognitive Time and the Observation Direction

Let an observer O choose a direction vy in R?, to be interpreted as the
“time” direction in their IFO. Assume that vp is normalized: ||vp|| = 1. The
direction orthogonal to it, vy, is interpreted as “space.” This choice defines
the observer’s cognitive structure: events are defined as local minima of the
scalar field ¢ along the temporal direction ve.

That is, a point p € R? is considered an event for observer O if it satisfies
the condition:

2

d
e (p+Avp) >0, and —é(p+ o) =0 at A=0,

d\
where A € R is a parameter along the direction vp, and ¢ € C?(R?).

A cognitive minimum is a local minimum of the scalar field ¢ along the
observer-defined time direction vp.

This condition means that ¢ attains a local minimum along the line
through p in the direction vp.

This definition of events makes the direction vp a functional analogue
of a temporal orientation, chosen by the observer as a means of cognitively
ordering perceived changes.

Thus, events depend on the chosen “time” direction, and different ob-
servers choosing different directions vo will identify different sets of events.

6.2 Emergence of Spacetimes

Since the set of events depends on the direction vy, each observer’s causal
section Cp defines a distinct spacetime. The pair (vo,v3) yields a decompo-
sition of R? into “space” and “time,” and the ordered set of events (i.e., local

16



minima along vp) forms the emergent temporal structure in the observer’s
IFO O.

As vp is arbitrary, the number of possible emergent spacetimes is un-
bounded: each direction yields a distinct cognitive space and time, inter-
preted from the scalar field. Spacetime is thus not given a priori, but emerges
from recognizable patterns in the field relative to the observer’s cognitive
structure.

6.3 Relative Velocity Between IFOs

Suppose two observers, O and (0, select time directions vp and v respec-
tively. Their relative orientation is given by the angle 6 between these direc-
tions. In the limit 6 — 0, the observers become close: their event structures
converge, and the observable transformations approach the identity map (in
accordance with Postulate 2).

Thus, the relative velocity between IFOs is interpreted as the angle be-
tween their cognitive time directions. This definition is fully emergent and
requires no preassigned metric: the angle arises as a relation between the
observers’ cognitive structures.

6.4 Implications of the Model

This toy model illustrates:

e how events may arise not a priori, but depending on the observer’s
cognitive structure;

e how different observers, by choosing different time directions, obtain
distinct spacetimes;

e how a multiplicity of spacetimes can naturally emerge from a single
underlying scalar field on R?;

e how the relative velocity between IFOs is interpreted as the angle be-
tween their cognitive time directions.

The model shows that space, time, events, and relativity can all be under-
stood as cognitively conditioned emergent phenomena arising from a more
fundamental causal structure, independent of the choice of IFO.

The toy model demonstrates the consistency of the local causality hy-
pothesis with geometrically simple yet conceptually rich examples, suitable
for further formalization in more general settings.
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7

Within the framework of the local causality hypothesis, space and time are
not regarded as fundamental entities (see also approaches to emergent geom-
etry and metric [7]). Instead, they are interpreted as cognitively-empirical
constructions that arise from the observer’s consistent reconstruction of local
causal structure. This contrasts with the classical paradigm in which space

Remark 1. In this toy model, the observer is not represented as a
physical system with internal dynamics or memory. Their causal
structure is modeled abstractly—via the orientation of the direc-
tion vo, which defines the ordering of interpreted events. While
this simplification does not capture the observer as part of a self-
consistent causal structure, it suffices to illustrate the key aspect
of the hypothesis—mamely, the dependence of eventhood on the
choice of IFO. A complete description of the observer requires a
richer model, including at least a locally stable structure capable
of retaining and transmitting information, which lies beyond the
scope of this example and will be addressed separately.

Remark 2. Although in this model the cognitive ordering is im-
posed externally via the direction vp, its structure may be con-
nected to intrinsic features of the field and stable configurations.
Future work will address the mechanism by which the observer
selects a local temporal orientation as a functional of the field.
Such approaches resonate with attempts to derive the arrow of
time from internal correlations or robust configurations [6, [15].

Remark 3. In this model, the space is Euclidean and timeless.
Nevertheless, the distinction between IFOs can be formalized by
the angle between their causal orientations vo and ves, which
effectively plays the role of relative velocity. In the small-angle
limit, the causal structures become nearly indistinguishable, cor-
responding to the postulate of coherence under small relative ve-
locities.

Remark 4. Although memory is not explicitly modeled here, the
change in event structure under variation of the cognitive time
direction implicitly suggests the necessity of memory adaptation.
This illustrates the cognitive basis of the editing mechanism dis-
cussed in detail in Appendix [A]

Emergence of Space and Time
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and time are globally given background parameters—e.g., a fixed manifold
with a metric in general relativity.

7.1 Cognitive Time and Cognitive Space

An observer O interprets their traversal through causal structure as an or-
dered sequence of changes—this defines the direction of cognitive time, de-
noted vp. This direction is not fundamental but depends on the observer’s
internal processes: it reflects the order in which events are registered and
interpreted.

Alongside this temporal direction, the observer may identify another di-
rection, independent of vo in the sense that local variations in observables
along it do not alter the perceived causal ordering of events. This direc-
tion is interpreted as cognitive space. In specific cases—for instance, the toy
model on R?—cognitive space may be formally defined as orthogonal to cog-
nitive time (in the Euclidean sense). However, in the general case, such a
definition does not presuppose a predefined metric and must be derived oper-
ationally—via distinguishability and local independence of event correlations
as perceived by the observer.

Thus, the pair of directions (vp,un), where up defines cognitive space,
specifies a local decomposition of causal structure into time and space relative
to the observer O. These directions do not have a universal geometric status
but play a crucial role in forming emergent spacetime as a cognitive construct.

7.2 Multiplicity of Spacetimes

Since the cognitive time direction vp is arbitrary, the overall set of potential
events M admits a multiplicity of cognitively distinct spacetimes. The set M
is understood as the total set of points to which a causal interpretation may
be applied by an observer—for instance, the set of all local configurations of a
fundamental field that allow for cognitive reconstruction. This is consistent
with the formalization introduced in the introduction, where M is treated
as the formal set of potential events—not possessing ontological status, but
permitting cognitively causal interpretation within a given IFO.

Each such interpretation is defined by its corresponding observer (see also
the relational view of quantum states [6]) and cannot be reduced to a single
global structure (cf. [§]). As a result:

e Spacetime emerges as a local cognitive projection—a functional selection
of coordinate structure over a subset Co C M;

e No global metric is defined or observable on M;
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e Between different TFOs, only cognitively consistent interpretations of
events are possible, not a shared global coordinate system.

Here, Cp is interpreted as the cognitively accessible subset of M, deter-
mined by the observer’s internal and operational constraints (see Section [1]).

7.3 Transformations Between IFOs and Cognitive Co-
herence

Transitions between the spacetime descriptions of different observers O — O’
are realized via observable transformations, which enable consistent recon-
struction of memory and events across changes in IFO (see also Appendix
which discusses the cognitive mechanism of memory editing during such tran-
sitions). These are not physical coordinate transformations in the classical
sense (cf. [6l 4], B5]) but describe cognitively permissible rearrangements of
memory and interpretation of events under a new causal orientation.

In the general case, the difference between cognitive time directions vp
and vor operationally expresses the relative cognitive velocity between ref-
erence frames. By cognitive velocity we mean the degree of discrepancy in
the interpretation of causal ordering between observers, defined by the devi-
ation between their cognitive time directions. In specific models, this may
be expressed as the angle between the directions; in the general case, it is
defined operationally—through the divergence in the reconstruction of causal

sequences.
Thus:

e The divergence between cognitive time directions reflects differences in
event interpretation;

e When this divergence is small, observable transformations approximate
the identity (Postulate 2);

e Cognitive coherence serves as the condition for emergent consistency

between observers.

7.4 Spacetime as a Cognitive Construct

From the above, it follows that:

e Space and time are not ontological entities—they arise through cogni-
tive processing of causal information;
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e The emergent local coordinate system of an observer is formed as a
functional projection of the consistent cognitive structure of events
within Cp, with designated directions of cognitive time and cognitive
space;

e Lorentz transformations may locally coincide with observable trans-
formations in regions where the cognitive time directions of different
IFOs are close, and where the causal structure allows for consistent
linear reconstruction of events. In this sense, Lorentz transformations
are compatible with the observable transformations arising under local
cognitive coherence between IFOs.

Thus, in the proposed hypothesis, space and time do not belong to the
fundamental ontology but are regarded as cognitively coordinated structures
emerging from the observer’s interpretation of causal information. Their
form, transformations, and even number depend on the chosen causal orien-
tation and the observer’s cognitive structure.

& Discussion

The proposed hypothesis of local causality radically reconsiders the tradi-
tional understanding of space, time, and events as fundamental entities. In
this section, we discuss the philosophical and physical implications of such
an approach, including the interpretation of memory, the role of cognitive
stability, and the distinction between determinism and coherence.

8.1 Memory, Cognitive Stability, and Reconstruction of
the Past

Memory plays a central role in shaping the event structure of an observer [16),
IT]. Within the framework of local causality, memory is not merely a repos-
itory of fixed data but part of the cognitive dynamics belonging to the ob-
server’s causal slice Co. When switching to a different inertial frame O’, the
observer must align their state with the new causal structure Cor.

This alignment may require a reconstruction of memory — a cognitive
adaptation in which past events that are no longer admissible in the new
structure are removed or replaced by causally admissible ones. This does
not imply a distortion of truth, since in this approach, truth is defined lo-
cally within each frame. Cognitive stability demands that memory does not
contradict the accessible causal structure and the current observations.
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This reconstruction is not arbitrary. It must satisfy the following condi-
tions:

e consistency with the current state of the observer’s body and cognitive
processes;

e internal coherence within the new causal structure;

e preservation of the observer’s identity as a continuous cognitive trajec-
tory.

Thus, memory is not fixed in an absolute sense but revalidated in each
new frame through admissible cognitive mechanisms.

8.2 Global Determinism and Local Coherence

In classical physics — especially in general relativity — it is assumed that
a globally deterministic structure exists: a given initial hypersurface deter-
mines the evolution of the entire system [17, 2]. The hypothesis of local
causality rejects this approach: causality is defined locally and independently
within each inertial frame.

The absence of global determinism implies:

e the impossibility of constructing a universal spacetime consistent for
all observers;

e the possibility of differences in event reconstruction between inertial
frames;

e the rejection of a global world time or universal future.

However, this does not lead to arbitrariness or subjectivism. Instead,
the hypothesis introduces a weaker but sufficient condition: local coherence.
Transitions between frames are only possible under the condition of cognitive
stability, and observable transformations approach consistency with direct
transformations in the limit of small changes (see Postulate 2).

Thus, in place of global determinism, we have cognitive coherence — the
observer preserves continuity of experience and event structure under admis-
sible transitions between frames [0, [7].

It should be emphasized that local cognitive coherence applies not only
to transitions between different frames but also to agreement between differ-
ent observers within the same frame. Even in a shared geometric reference
system, cognitive structures Co may differ, and reconciling events between
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observers requires cognitively admissible interaction. Cognitive coherence is
therefore not global identity of descriptions, but a local condition of consis-
tency and evolutionary compatibility of individual event structures.

Lorentz transformations may appear in the observable description as con-
sistent forms of cognitive reconstruction between different frames in cases
where the difference between frames is minimal and allows a consistent
matching of events. However, they do not imply a global metric or ob-
jective symmetry, but merely express the possibility of coherent cognitive
description within a limited causal accessibility.

8.3 Superdeterminism and Observable Freedom

Within the context of the hypothesis, one may ask: is superdeterminism
allowed? That is, can the observer be entirely predetermined by the funda-
mental structure?

The answer depends on how the fundamental structure is interpreted.
If it allows a complete reconstruction of all frames and observers’ cognitive
trajectories, then the hypothesis is compatible with superdeterminism. How-
ever, from the perspective of the observer, each transition between frames is
experienced as free and locally coherent, without access to global informa-
tion.

Thus, in the hypothesis:

e superdeterminism is possible as a global property of the fundamental
structure;

e yet operationally, the observer always acts under conditions of local
freedom, constrained only by cognitive stability;

e this allows one to reconcile predictability with the relative independence
of local experience.

See also the discussion of superdeterminism in the context of quantum

theory in [18] [19].

8.4 Relation to Other Theories

The proposed approach shares conceptual ground with:

e relational quantum mechanics (RQM) [6], where physical information
is defined relative to the observer;

e quantum frameworks with dynamic causal structure [7];
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e the philosophy of operationalism, where reality is defined through mea-
surement procedures.

What distinguishes the hypothesis of local causality is its emphasis on the
cognitive structure of the observer — their memory, perceptual coherence, and
event reconstruction. It is precisely this cognitive coherence that replaces the
role of a global background.

8.5 The Role of the Cognitive Superstructure

Although the hypothesis lacks a fundamental spacetime, it presupposes the
existence of some underlying structure B8 from which admissible causal slices
and cognitive trajectories can be reconstructed. This structure need not be
geometric; it may be described, for example, by a scalar field on R2, as in
the toy model. This aligns with the idea of an “informational foundation” of
physics [8 20].

A key consequence: spacetime, causality, and events are not fundamen-
tal, but can be reconstructed as cognitively emergent phenomena from the
coherent interpretation of a more fundamental structure.

Thus, the shift from a fundamental spacetime to cognitive co-
herence does not lead to a loss of predictive power, but instead
opens the way to explaining observed symmetries, quantum un-
certainty, and experiential consistency as natural consequences of
local causal structure.

9 Physical Realizations and Perspectives

Despite its abstract nature, the proposed hypothesis of local causality and
cognitive coherence yields concrete physical consequences and prospects for
both theoretical and experimental realization. This section outlines possible
applications of the hypothesis, ways it might be tested, and its relation to
existing fundamental theories.

The terms “cognitive structure,” “cognitive reconstruction,” and “cognitive
coherence” are understood as defined in Sections [ and 8

W

9.1 Cognitive Reconstruction and Quantum Uncertainty

One of the central consequences of the hypothesis is a natural explanation
of quantum uncertainty. Since events are cognitively defined and arise only
within a coherent causal slice, their presence in the observer’s memory is
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always subject to constraints on possible reconstructions in another inertial
frame. This imposes fundamental limits on the simultaneous definiteness
of events across different frames—analogous to the Heisenberg uncertainty
principle [16] 1I], and consistent with operational limitations in generalized
probabilistic theories [21].

Thus, quantum uncertainty can be interpreted not as the result of stochas-
tic dynamics, but as a consequence of constraints on cognitively admissible
event reconstructions under causal structure transitions.

9.2 Origin of Lorentz Transformations

As shown earlier, Lorentz transformations can emerge as permissible forms
of observable transformations between cognitively coherent frames O — O,
each described by its own cognitive structure v (see definition in Section .
This offers a new perspective on their origin: they are not postulated, but
derived from the requirement of cognitive consistency and minimal distortion
of memory under transitions between frames. In this interpretation, Lorentz
invariance is not a fundamental symmetry of nature, but a cognitively opti-
mal form of event reconciliation between closely related frames.

This opens a path to deriving other symmetries as cognitively stable
forms—possibly including the Standard Model symmetries (SU(3)xSU(2)xU(1))—as
consequences of cognitive constraints on observers, realized through stable
physical structures (see also approaches reconstructing symmetries from in-
formational and cognitive principles [20], 22]).

9.3 Relation to General Relativity

Although the hypothesis discards global spacetime as fundamental, it still
permits general relativity to emerge as an effective description of coherent
observer dynamics, where the cognitive structures v» form a smooth man-
ifold. In this approach, the metric is not fundamental, but arises as an
effective tool for parametrizing transformations between cognitive structures
in the limit of continuity.

This enables the construction of emergent geometry, where metric cur-
vature expresses the deformation of mutually consistent cognitive structures
among observers.

9.4 Experimental Consequences

Since the hypothesis allows for discrepancies between the observable and the
direct (external) structure, one may consider scenarios in which cognitive
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coherence breaks down. Such effects could manifest:

e under extreme changes in frame—e.g., at high accelerations where mem-
ory reconstruction fails;

e in quantum entanglement, where coherence between observers may lead
to discrepancies irreducible to classical causes, analogous to decoher-
ence and pointer-state selection [23];

e in models involving multiple observers, where agreement of causal slices
is ambiguous and cognitive paradoxes may arise.

Although these phenomena require more precise formalism, their pre-
dictability under the hypothesis makes it possible to identify experimentally
observable consequences distinct from those of classical or standard quantum
theory.

9.5 Future Directions

The proposed framework opens several promising research avenues:

e Formalization of the algebraic structure of cognitive transformations
and construction of cognitively invariant dynamics.

e Development of field theory on a timeless fundamental structure (e.g.,
R*), where observable fields arise as projections onto cognitively se-
lected causal slices.

e Investigation of the mechanism of emergent time based on the density
of coherent cognitive projections.

e Analysis of interacting observers and consistent event structure under
limited cognitive reconstruction.

In the longer term, a full reconstruction of the Standard Model and gen-
eral relativity may be possible as cognitively optimal structures evolving
under limited access to the fundamental substrate.

Thus, the hypothesis of local causality not only explains space
and time as cognitively emergent phenomena, but also provides a
path toward reinterpreting all of fundamental physics—from sym-
metries and quantization to gravitation—in terms of observable,
coherent reconstructions.
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10 Conclusion

This work has proposed a new formulation of causality as a local and cogni-
tively conditioned phenomenon. By abandoning the assumption of a global
spacetime, we have redefined the fundamental concepts of events, time, and
space as emergent constructs arising within observable causal structures. The
introduced distinction between direct and observed transformations made it
possible to resolve coordination paradoxes between different inertial frames,
while preserving the internal cognitive consistency and experiential continu-
ity of the observer.
The main results of this work include:

e The formulation of two postulates of local causality, providing an op-
erational definition of admissible events within each inertial frame;

e The introduction of the observer’s cognitive structure as a minimal
carrier of causal reconstruction;

e The distinction between direct (external) and observed (internal) trans-
formations between inertial frames;

e The construction of a toy model (see Section [)) illustrating the emer-
gence of spacetimes and the multiplicity of cognitive descriptions based
on a simple scalar field;

e The demonstration that relative velocity between inertial frames can
be represented as the angle between their cognitive time directions;

e The demonstration that Lorentz transformations can emerge as ob-
served cognitive transformations under certain conditions;

e The indication of a potential derivation of fundamental theories (quan-
tum field theory, general relativity) from cognitively consistent recon-
struction of events.

Importantly, Lorentz transformations in this framework are not treated
as fundamental symmetries of physical spacetime. Their equations appear
as forms of cognitively consistent transformations between observers under
conditions of local non-contradiction and causal compatibility. Thus, Lorentz
invariance is not postulated but arises as a cognitive limit structure in the
presence of local agreement between inertial frames (see Section [7).

It is also important to emphasize that cognitive structures of events may
differ not only between inertial frames but also between different observers
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within the same frame. These differences result from individual trajectories of
perception, varying access to causal connections, and the contents of the ob-
server’s memory (see the discussion of cognitive structures in Section. Asa
result, coordination of events between observers requires admissible cognitive
interaction and memory reconstruction within the new causal admissibility.
This further reinforces the abandonment of a universal global ontology of
events and emphasizes the operational character of physical reality.

Thus, the hypothesis of local causality opens a new path for rethinking the
structure of physical reality. In this view, space and time are not fundamen-
tal elements of the universe, but rather the result of cognitive interpretation
of accessible events. This perspective unifies relativistic, quantum, and op-
erational approaches, removing the need for a predefined metric or global
ontology.

Several open questions remain: how to formalize field dynamics, how
to construct a theory of interacting observers, and how to reconcile multidi-
mensional cognitive structures. These questions require further investigation,
but it is already clear that the proposed framework provides conceptual and
formal tools for a radical revision of the foundations of physics.

It should be emphasized that within this hypothesis, space and time are
not regarded as fundamental entities. Their structure arises as the result
of cognitive interpretation of causally admissible correlations within the ac-
cessible subset of events and experiences. This suggests the possibility of
a deeper level of description, independent of any a priori notions of events
or metric. One potential direction for further analysis is a model of a real
scalar field without internal symmetries or preferred directions, defined on
a four-dimensional Euclidean structure without time (see also |7, 8] for re-
lated approaches). While such a formulation lies beyond the formal scope
of this paper, it sets a direction for future work on the formalization of the
hypothesis and the emergence of physical structure.

The future description of nature may require abandoning the idea
of a universal spacetime. Instead, we may find coherent islands
of cognitive causality, within which events, laws, and symmetries
emerge as manifestations of a deeper underlying structure.
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A Formal Note on Memory Modification
under Direct Transformations

Within the framework of the local causality hypothesis, the observer’s mem-
ory is considered part of their cognitive structure 7o, representing the in-
ternal model of causal relations and memory, and belonging to the causal
section Cp. When transitioning between inertial frames, memory must be
reconstructible within the new causal structure Cor, requiring a consistent
mapping (see also [7, 11 for operational analogies in quantum theory):

fmem : Yo N Memory — o N Memory,

where Memory denotes the subset of the cognitive structure containing the
observer’s recollections of past events, including information stored in mem-
ory and reconstructible as part of the causally admissible experience.

Since direct transformations F' : Co — Cos are defined at the level of the
external formalism, they may map some memory elements to events that are
not causally reachable from the current state in 0’. In this case, a cognitively
admissible modification of memory is required to eliminate inconsistencies.

A.1 Condition for Admissible Modification

Let M3BH*™ C 7o denote the set of observer memories in frame O, and
mem

o™ C Yo in frame O'. A direct mapping F' : Co — Co may result
in:

e Some memory elements p € ME™ being mapped to events F'(p) ¢ Cor,
i.e., they become inadmissible;

e New events p’ € Cor, absent from Cp, becoming causally accessible and
interpretable as “memories.”

The modification of memory is admissible if:

e For each p € MZ™, either F(p) € J (¢)UJT(q) for some q € Yo, i.e.,
the event remains admissible;

e Or there exists a valid substitution or removal of p according to func-
tional equivalence;

e And memory extension is admissible if the new events p’ € Cor are
cognitively compatible with the reconstructed structure and cause no
logical contradictions.
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Here, J*(q) denotes the causal past or future of event ¢. This condition
ensures that memory in the new inertial frame remains cognitively admissible
and functionally coherent, despite the absence of global event invariance.

A.2 Functional Criterion for Substitution and Exten-
sion

If for some memory p € Mp“™ the condition of cognitive admissibility is
not satisfied, it must either be removed or — if possible — substituted with
a functionally equivalent cognitive representation in the new frame. Such a
substitution is possible if there exists a partial mapping

g MBRAmISS o Memory,

where Migadmiss © Aqmem ig the subset of memories inadmissible in Cor, and
the target is cognitively reconstructible memories in yer.

This mapping does not require global correspondence of events between
frames: it suffices that each u(p) is cognitively perceived by the observer as
an admissible memory, functionally equivalent to the original p, even if it
arises from a different causal context.

Functional equivalence here means that for any internal dynamics Dy of
the observer depending on memory, we have

Do (p(p)) = Do(p),

where &~ denotes the preservation of cognitive consistency: the observer con-
tinues to identify as the same subject, i.e., their reconstructed cognitive struc-
ture maintains subjective identity within a coherent experience.

Furthermore, new causally accessible events p’ € Co not present in the
previous structure may become available. In this case, it is cognitively ad-
missible to extend memory with such events if they are consistent with the
already reconstructed structure and do not violate cognitive coherence.

Elimination of memory is admissible if the event cannot be incorporated
into the reconstructed cognitive structure without violating causal admissi-
bility or consistency. That is, the event must not be allowed within the recon-
structed cognitive cone and cannot be substituted or reinterpreted without
losing perceptual integrity.

A.3 Stability of Memories under Event Coincidence

If an event p € MPEH™ remains present in both causal sections Cp and Cor,
and the observer’s cognitive stability holds, it should remain part of memory
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in the new frame. This follows from the fact that the event’s information is
realized as a causally connected chain within the cognitive structure vo, and
if this structure is preserved (or suitably modified), the chain persists within
Tor-

Therefore, even if other memory elements are altered, the recollection
of p should be preserved or reconstructed in a functionally equivalent form
compatible with the new causal structure.

A.4 Consequence for Observed Transformations

Memory modification is necessary only at the level of direct transformations.
Observed transformations, by definition, operate solely within cognitively
admissible structures. Therefore, they already include modified memory and
require no further reconciliation. In other words, the observed history is
always cognitively consistent — even if its physical correspondence with the
previous frame was disrupted under a direct transition.

A.5 Interpretation

This behavior reflects a fundamental principle: an observer cannot remember
what could not have been observed. If a transition to a new inertial frame
renders an event inadmissible, its image in memory must be cognitively rein-
terpreted or eliminated. Such modification is not a flaw or failure, but a
necessary part of cognitive adaptation to a new causal structure.

This behavior directly follows from Postulate 1 of the local causality hy-
pothesis, according to which the entire observable structure of the world
is determined by the internally coherent causality of the observer. In the
absence of externally given time, cognitive reconstruction becomes essential
to maintaining the continuity of subjective experience and coherence of the
observed sequence of events.

This explains how consistency of perception is preserved in the absence of
a global spacetime: the continuity of experience is ensured not by retaining
all data, but by their cognitively consistent reconstruction.
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