Coded Collapse: An Informational Field Theory of Early Entropy
and Cosmic Structure Formation

Alexandre de Cerqueira Santos
Palm Harbor, Florida, United States of America

Abstract

This paper proposes a field-theoretic model to explain the low-entropy state of the early universe
and the unexpectedly early appearance of structured galaxies. Departing from traditional
assumptions that entropy reflects randomness, we reinterpret entropy as a field of latent structural
potential shaped by embedded informational configurations—termed coded collapse zones. These
configurations trigger the emergence of structure when specific physical thresholds are met
involving entropy gradients, local spacetime curvature, and a dynamic scalar field representing
structural resolution. Collapse occurs only when resonance conditions are satisfied, resulting in a
selective rather than uniform formation of matter. This framework is formalized mathematically
through a stochastic activation condition governed by a logistic collapse function. Simulations
demonstrate that only coded zones meeting these thresholds generate stable structures, while non-
coded regions remain unresolved. The model provides a falsifiable explanation for early high-
metallicity galaxies observed by the James Webb Space Telescope and reframes the cosmological
entropy problem as one of pre-encoded informational tension rather than thermodynamic
improbability.
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1. Introduction

Two of the most persistent puzzles in modern cosmology are the unexpectedly low entropy of the
early universe and the early emergence of complex structure at redshifts far higher than standard
models predict. Observations from the James Webb Space Telescope (JWST), particularly the
detection of high-metallicity galaxies at z > 10 , have intensified the challenge. According to
conventional models rooted in inflationary cosmology and cold dark matter dynamics, such
organized complexity should not have formed so early in the universe’s timeline.

This paper introduces a theoretical framework that reinterprets the low entropy of the early
universe not as a statistical anomaly, but as the product of pre-structured informational fields
embedded within spacetime. Rather than assuming a smooth and uniform early state that becomes
progressively disordered, we propose that entropy represents latent structural potential—an
informational field modulated by local gradients and geometric curvature. Within this field are
embedded coded collapse zones—Ilocalized configurations of information that serve as initiators
of structure.

These collapse zones trigger the resolution of matter and spacetime structure only when a specific
resonance condition is satisfied. That condition depends on the interplay between three elements:

1. the local entropy gradient,
2. the curvature of spacetime, and

3. adynamic scalar field representing the structural resolution state of a region.

Only when this interaction crosses a collapse threshold does structure form. Collapse is thus
selective, not universal, and early galaxies form where the encoded conditions are met—not due
to probabilistic fluctuation, but due to deterministic, field-level constraints.

The collapse rule is mathematically formalized through a logistic activation function governed by
the above physical parameters. Simulations show that only regions with embedded coded
structures—and with sufficient environmental tension—collapse into stable structure, while
uncoded or under-threshold zones remain unresolved. This provides a falsifiable mechanism for
early structure formation and reframes the cosmological entropy problem in terms of
informational resonance rather than thermodynamic improbability.

This paper develops the full theoretical structure of this model, its mathematical formalism,
simulation logic, and empirical implications, including direct alignment with existing
observational anomalies. The result is a field-theoretic framework in which order does not
emerge from randomness, but from preconfigured informational patterns waiting for the right
environmental conditions to trigger resolution.

2. Theoretical Background and Problem Context



The standard cosmological model explains the evolution of the universe through the interplay of
general relativity, quantum field theory, thermodynamics, and inflationary dynamics. However,
two foundational questions remain unresolved:

2.1 The Entropy Problem

According to the second law of thermodynamics, closed systems evolve toward higher entropy.
Yet, the early universe began in an extremely low-entropy state, far more ordered than would be
expected by chance. As Roger Penrose and others have noted, this state implies an almost
impossibly fine-tuned set of initial conditions. In conventional models, entropy is treated as a
statistical measure of microscopic disorder, yet no accepted explanation accounts for why the
universe would begin in a configuration of such improbably high organization.

2.2 The Early Structure Problem

Recent high-redshift observations, including those from JWST, have revealed galaxies with
complex structure and chemical maturity far earlier than gravitational collapse and star formation
models predict. These galaxies exhibit significant metallicity and mass at redshifts z > 10 ,
where the universe was less than 500 million years old. Such findings appear to contradict the
timescales assumed for matter clustering, star formation, and chemical evolution in Lambda-CDM
models. The explanation typically invoked involves observational bias or rare fluctuations—but
these responses remain speculative and lack predictive power.

2.3 Limits of Existing Theoretical Solutions

Inflationary models solve the horizon and flatness problems, but they do not explain the entropy
discrepancy. Entropic gravity models and causal set theory attempt to reinterpret spacetime, but
have not yielded a testable solution for low initial entropy or early galactic formation. Modified
gravity and dark sector extensions, while active areas of research, remain largely empirical and do
not address the informational origin of structure.

3. Conceptual Framework of Coded Collapse

This model begins by reinterpreting entropy not as disorder, but as a measure of unresolved
structural potential—a field whose gradient represents tension across a spacetime manifold that
is not yet fully resolved. In this context, the universe did not begin in a state of uniform smoothness,
but in a prestructured state encoded with latent informational configurations. These are localized
regions referred to here as coded collapse zones.

Each collapse zone represents a region where the internal informational geometry of the system is
predisposed to trigger resolution into stable structure, but only if specific external physical
conditions are met. These include:

. a sufficient entropy gradient (VS ),

. a curvature threshold ( C , derived from spacetime geometry), and



. a resolution scalar field ( ¢ ), representing the structural maturity of a given region.

These zones act as activation gates within the larger entropy field. Collapse into organized matter
does not happen uniformly, nor at random—it occurs only when the surrounding environment
reaches a resonant state with the encoded potential.

This view departs from probabilistic interpretations of structure formation and instead suggests
that early cosmic complexity is the result of selective deterministic collapse guided by embedded
information.

The key consequences of this framework are:

. Not all regions of spacetime are equally structured at the beginning. Structure is seeded
in particular zones.

. Collapse is conditionally stochastic, governed by a sharply bounded activation
probability function.

. Structure formation is not emergent from randomness, but resolved from encoded
preconditions when physical thresholds are met.

This framework predicts that matter will form earliest in regions of highest encoded potential and
environmental tension, while untriggered zones remain smooth and unresolved. These unresolved
zones may persist as gravitational anomalies—potentially corresponding to what is observed as
dark matter or curvature halos.

In the following section, this conceptual framework is translated into a formal mathematical model
that specifies the collapse condition and defines the field dynamics governing coded resolution.

4. Formal Model and Collapse Equation

The core of the model is a collapse condition defined over an informational field background.
Collapse into structured matter occurs not continuously, but only when a resonance threshold is
met between the encoded configuration of a region and its local physical state. This condition is
formalized as a stochastic activation rule:

Papas (6 8) = o |y - (29, £) = D(VS(x, £) — kR(x, 1)) — Q)|

Where:
. P 1as(x,t) is the probability of collapse at spacetime point x and time ¢,
. o(-) is the logistic function mapping real values to the interval [0,1],



. ¢(x,t) €[0,1] is a dimensionless scalar field representing the resolution state of the
region (0 = fully latent, 1 = fully resolved),

. VS(x,t) is the local entropy gradient,

. R(x,t) is the Ricci scalar or another curvature invariant representing local spacetime
geometry,

. K is a coupling constant tuning the influence of curvature on collapse resistance,

. Q(x) is the coded collapse threshold, representing the minimum tension required to

trigger resolution,

. y is a steepness parameter controlling how sharply the probability transitions from 0 to
1 near the collapse threshold.

4.1 Interpretation of Terms

*  The factor (2¢p — 1) ensures that regions near full resolution (¢) - 1) enhance tension
sensitivity, while unresolved zones suppress premature activation.

. The difference VS — kR reflects the competition between informational pressure
(entropy gradient) and geometric resistance (curvature).

*  The threshold Q(x) encodes the pre-existing structural potential of a given region.
Collapse occurs only when local environmental tension overcomes this embedded informational
resistance.

4.2 Collapse Behavior

. In coded zones (2(x) > 0), collapse occurs only under sufficient entropy—curvature stress.
. In uncoded zones (Q(x) = =), no collapse occurs regardless of the environment.

. The logistic form ensures conditional determinism: collapse behaves probabilistically
only in the narrow boundary region near the activation threshold.

This formalism defines the criteria by which latent information transitions into structured
resolution, simulating matter formation without requiring uniform background fluctuations or
arbitrary initial perturbations.

The next section presents a Lagrangian framework for the evolution of ¢ and (1, enabling
simulation of collapse dynamics over time.

5. Field Lagrangian and Simulation Framework



To describe the dynamic behavior of the collapse field and its interaction with the encoded
potential and curvature environment, we formulate a coupled Lagrangian model governing the
evolution of the scalar resolution field ¢(x,t) and the informational threshold field Q(x) .

5.1 Collapse Field Lagrangian

We define the Lagrangian density for the resolution field ¢ as:

1
Lp = 504 duep — V(¢)

Where:
. ¢(x,t) € [0,1] represents the local structural resolution state,
. 0"¢ 9, is the standard kinetic term,

. V(¢) is a potential term with minima at ¢ = 0 (unresolved) and ¢ = 1 (fully
resolved).

A simple form for the potential is:
V(g) =1¢*(1 - ¢)?

which creates two stable points and allows smooth evolution between states.

5.2 Q Field Interpretation and Constraint

The Q(x) field encodes collapse thresholds. It is not dynamic in this model but treated as a
background informational structure, seeded prior to dynamical evolution. In coded
zones, Q(x) takes finite values, while in uncoded zones, it diverges or remains out of resonance
with local entropy—curvature conditions.

This approach reflects the hypothesis that the universe began not as a blank canvas, but with
embedded preconditions for selective resolution.

5.3 Simulation Framework

Simulations are performed using a 3D lattice grid with time evolution steps based on the Euler—
Lagrange equations derived from Lg :
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Collapse probability Pg,s(x,t) is computed at each step using the formal rule:

Peas(x,t) = ofy - (2¢ — 1)(VS — kR) — Q(x))]

Simulated outputs include:
. Regions of collapse onset and spatial distribution of resolved zones,
. Temporal emergence of structure aligned with seeded Q configurations,
. Comparative absence of structure in uncoded regions,

. Reproducibility across multiple entropy—curvature backgrounds.

These simulations confirm that structure only emerges where embedded codes and sufficient

environmental tension align.

The next section presents the core results and visual outcomes of these simulations.

6. Simulation Results and Observational Alignment

Numerical simulations based on the collapse field dynamics and encoded threshold model reveal
several key behaviors that strongly align with known cosmological data—especially anomalies

observed by the James Webb Space Telescope (JWST).

6.1 Selective Collapse and Spatial Structure

Simulated spacetime grids seeded with non-uniform Q configurations produce non-uniform

structural emergence:

. Collapse occurs only in zones where the entropy gradient VS, curvature R, and resolution

field ¢ satisfy the activation inequality.

. Collapsed regions exhibit spatial clustering consistent with gravitational structure

formation, but with significantly earlier onset.

. The resolution field ¢(x,t) evolves from 0 to 1 sharply in coded zones while remaining

near zero in others, forming discrete, stable “matter-like” islands.

6.2 Timing and Evolution of Structure

The formation of resolved structures occurs far earlier than would be expected under cold dark

matter models or uniform perturbation theory. The transition is:



. Abrupt where encoded tension thresholds are met,
*  Absent in uncoded or underpowered regions,

. Driven by resonance rather than stochastic fluctuation.

This provides a mechanism for how high-metallicity galaxies at z > 10 may have formed in
regions preconfigured to collapse.

6.3 Comparison to JWST Observations

The simulation results show striking qualitative parallels to the JWST high-redshift galaxy
anomalies:

. Complex, structured objects form faster and earlier than predicted by ACDM timelines.

. The spatial distribution of collapse mimics filamentary patterns observed in large-scale
cosmic structure.

. Simulations predict regions of strong curvature and entropy gradient—but no structure—
when Q(x) is prohibitive. This aligns with gravitational lensing or dark matter—like effects
without visible baryonic counterparts.

These features support the interpretation of dark matter as unresolved curvature, consistent
with prior work, and give a coherent explanation for the apparent maturity of early-universe
galaxies.

6.4 Reproducibility and Robustness

. Simulations run across varied initial entropy fields and curvature distributions consistently
reproduce the core selective collapse behavior.

. Variations in steepness parameter y alter the sharpness of transitions but not the existence
of encoded collapse thresholds.

. Increasing the density of Q-seeded zones raises early structure abundance, offering a
tunable alignment with observational data.

These outcomes indicate that the coded collapse model is not only internally consistent but
observationally anchored and falsifiable, a rare feature in informational field models.

7. Experimental Predictions and Falsifiability Criteria

Unlike many cosmological models that rely on untestable assumptions or unknown particles, the
coded collapse framework makes concrete, falsifiable predictions using already available or



soon-to-be-available data. These predictions emerge directly from the field equations and
simulation behavior described in Sections 4—6.

7.1 Prediction 1: Early Non-Uniform Structure Onset

Claim: Structure formation should occur earlier and more abruptly in certain spatial regions, while
other zones remain smooth and unresolved despite similar environmental curvature.

. Test: Continue mapping high-redshift galaxies (e.g., with JWST, Roman Telescope). Look
for clustering of early galaxies that is spatially intermittent, with distinct voids even at epochs
where average density should permit structure.

. Falsifiability: If structure emerges uniformly or gradually across space, independent of
entropy or curvature variations, the theory would be falsified.

7.2 Prediction 2: Metallicity Disparities at High Redshift

Claim: Galaxies formed from coded collapse zones should show unexpectedly high levels of
metallicity and organization.

. Test: Measure chemical abundances in galaxies at z > 10 using spectral lines. The
theory predicts these galaxies will be chemically mature far earlier than standard stellar
generation models allow.

. Falsifiability: If early galaxies consistently show only primordial chemical signatures,
with no significant metallicity, the collapse model is disfavored.

7.3 Prediction 3: Curvature Without Structure

Claim: Some regions with high curvature and gravitational influence will lack corresponding
visible matter, behaving like dark matter halos.

. Test: Search for lensing signals or gravitational distortions without baryonic sources. The
theory predicts that unresolved coded zones may generate curvature but fail to collapse into
visible structure.

. Falsifiability: If all lensing effects are eventually matched to visible mass or dark matter
models with known particle dynamics, this framework loses explanatory power.

7.4 Prediction 4: Suppression of Power at Specific Scales

Claim: Structure formation should show non-Gaussian, scale-selective suppression or
enhancement in the power spectrum of matter density fluctuations.

. Test: Analyze BAO, CMB, and LSS data (e.g., from Planck, Euclid, DESI). Look for non-
random power gaps or resonance signatures in scale-dependent clustering.



. Falsifiability: A purely Gaussian power spectrum with no evidence of collapse gating
would challenge the theory’s statistical framework.

7.5 General Falsifiability Strength

The theory is falsifiable not by a single anomaly, but by coherence failure across the data
ecosystem:

. Galaxy formation timing,

. Spatial distribution,

. Gravitational lensing anomalies,
. Spectral chemical maturity,

. And scale-resolved power.

If these data show uniformity, Gaussian evolution, and standard thermal development across
time and space, the model’s selective collapse prediction fails.

8. Philosophical and Scientific Implications

The coded collapse model reframes two of the most deeply rooted assumptions in modern physics:
that entropy equates to disorder, and that structure arises through statistical fluctuation. Instead, it
proposes that order—when embedded informationally—can precede structure, and that physical
collapse is not random, but triggered when resonance conditions align with encoded thresholds.

8.1 Rethinking Entropy as Latent Structure

Traditionally, entropy is seen as a loss of information or an increase in randomness. This theory
challenges that interpretation by suggesting that entropy gradients are better understood as
tensions in a structural potential field. In this view:

. Entropy measures not disorder but unresolved order.

. The early universe’s low entropy is not a statistical improbability, but a signature of
encoded configuration, where structure existed in an unmanifested informational form.

This shifts the cosmological entropy problem from “Why so smooth?” to “Why so encoded?”—a
much more tractable question.

8.2 Determinism Through Selective Activation

In conventional quantum and cosmological models, probabilistic collapse is seen as an essential
feature. The coded collapse model reframes this:
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. Collapse is not random, but occurs when a logical threshold is met, blending determinism
and selectivity.

. The collapse function is logistic, not arbitrary—giving rise to sharply bounded
conditional emergence.

This deterministic gating provides a new bridge between quantum collapse, cosmic evolution, and
observer-free structural selection—aligning with efforts to define collapse without observation,
but through internal physical dynamics.

8.3 Recontextualizing Dark Matter and Early Galaxies

If unresolved collapse zones create curvature without visible resolution, then:

. Dark matter may not be particulate but a structural absence: coded zones that failed to
cross the collapse threshold.

. Early galaxy formation is no longer anomalous—it is expected in regions of high encoded
potential and environmental tension.

This explains the “too soon, too complex” nature of JWST-observed galaxies without invoking
exotic physics or modifying gravity.

8.4 Position Within Scientific Paradigms

This theory does not reject general relativity, quantum field theory, or thermodynamics. Instead,
it:

. Extends them into a pre-structured informational substrate, where the laws of physics
evolve not from randomness, but from embedded conditions.

. Provides a falsifiable, simulation-ready model grounded in field dynamics.

*  Avoids metaphysical claims—Q fields are treated as fields, not deities or souls.

It stands as a conceptual sibling to information-theoretic models of reality but adds concrete
predictions, curvature dynamics, and collapse logic.

Appendix: Simulation Methods and Mathematical Implementation

This appendix details the numerical architecture, parameter configuration, and field equations used
to generate the results presented in Section 6. It is intended to facilitate replication and critical
review by other researchers.

A.1 Simulation Grid and Boundary Conditions
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. Space-Time Discretization:
A 3D cubic lattice of 1283 points with periodic boundary conditions was used. Spatial resolution
and timestep size were dynamically scaled to maintain numerical stability under second-order
Lagrangian updates.

. Units:
Natural units were used with ¢ = h = G = 1. Distances and curvature values are in Planck-
normalized units, though rescaling to cosmological constants is straightforward.

A.2 Collapse Field Dynamics

The resolution scalar field ¢(x,t) evolves according to the Euler—Lagrange equation derived
from:

1
Lp = 504 Ougp — Ag2(1 - $)?

e The term A@?(1— ¢p)? defines a bistable potential with fixed points at ¢ =
0 (unresolved) and ¢ = 1 (fully resolved).

. Evolution is numerically implemented via finite-difference schemes for spatial derivatives
and leapfrog integration for temporal progression.

A.3 Collapse Activation Condition

At each timestep, collapse probability at point x is evaluated as:

Peas(x,t) = ofy - ((2¢ — 1)(VS — kR) — Q(x))]

Where:
. o(z) = 1+2_Z is the logistic activation function.
. y is set between 20-100 to test threshold sharpness.
. K 1is curvature coupling, typically varied from 0.1 to 1.5.
. Q(x) is statically assigned across the grid:

 Gaussian random field for coded regions,

* Constant infinity for uncoded regions.

12



Collapse Outcome:

. If Pgas > 0.5, ¢(x,t) is perturbed toward resolution with added kinetic energy (local
field push toward ¢ = 1).

. Otherwise, standard Lagrangian evolution proceeds.
A.4 Entropy and Curvature Sources

. Entropy Gradient VS :
* Modeled as a decaying radial field from simulated energy injections.
* Functional form:

|x_xo|2
S(X) = SO exp —T

S

+ VS is computed numerically at each lattice point.
. Ricci Scalar R :
» Approximated via energy—density distributions and spacetime tension proxies.

* In full general relativity, this would require full tensor evolution; here, it’s simplified as:

R(x) = p(x) = 3p(x)
* For generality, p(x) is simulated via localized Gaussian mass-energy fields.
A.5 Output Visualization and Metrics

. Structure Count: Regions reaching ¢ > 0.9 are flagged as resolved.
. Spatial Clustering: Collapse sites are mapped and correlated with Q(x) distribution.
. Collapse Delay Times: Recorded to assess timing distribution vs. ACDM expectations.

*  Void Persistence: Unresolved regions are tracked to compare with known dark matter halo
mapping.

A.6 Software and Availability
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. Simulation was implemented in Python (NumPy + Numba) and cross-validated in Julia for
performance.

. Visualization used Matplotlib and Plotly; data stored in HDFS5 format.
. A replication package can be prepared upon request, containing:
 Grid initializers,
 Collapse evaluator,
* Field updater,

+ Data output interface.
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