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Abstract

The Dodecahedron Linear String Field Hypothesis (DLSFH) proposes a symbolic cosmological
framework grounded in cyclic vibration, discrete topology, and emergent geometry. It
models the universe not as a continuous field over a fixed background, but as a structured
modulation of expansion and contraction phases driven by a vibrational scalar field @(7),
dynamically coupled to a dark sector. The theory's architecture draws on dodecahedral
symmetry and symbolic functions fi(®,¢4), imposing finite transitions within a discrete phase
space. A full Lagrangian formalism is presented, including gravitational curvature corrections
and vibrational dynamics. The resulting model predicts testable modulations in the Hubble
parameter H(z) and the deceleration parameter ¢(z), supported by numerical simulations
and comparison to observational data. Beyond its physical predictions, the DLSFH functions
as a generative theoretical system—where geometry, symbol, and vibration are not
representational, but operative. It offers a synthetic ontology in which the form itself
becomes the active condition of cosmological intelligibility.

Keywords: dodecahedron, cyclic field, symbolic cosmology, emergent geometry, vibrational
dynamics, epistemic structure, topological phase space, cosmological modulation,
background independence, theoretical synthesis.
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Technical Disclaimer

This document is circulated as a preprint, meaning it represents a preliminary version prior
to formal peer review. As such, future versions are expected to incorporate substantive
improvements in both formulation and presentation. Specifically, some symbolic expressions
and mathematical formulas have been integrated through automated graphical renderings
or external processing tools (such as LaTeX-to-Word conversion or OCR), which may result
in minor encoding inconsistencies — including replaced symbols, distorted operators, or
missing characters. These technical imperfections do not compromise the underlying
theoretical content. Readers are encouraged to interpret symbolic elements within their
explanatory context. In cases of ambiguity, the surrounding conceptual narrative should
guide accurate understanding.
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1. Introduction
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Fig. 1: Conceptual diagram of the DLSFH model, illustrating the interaction between the three core sectors: modified
gravity, dark sector (with dark photon mediation), and the cyclic string-like field. Coupling functions and mutual constraints
define a closed dynamic system inspired by dodecahedral symmetry.

The current landscape of cosmology is marked by a tension between high-precision
observations and the standard theoretical frameworks that have long governed our
understanding of the universe. Chief among these is the discrepancy in the measured values
of the Hubble constant (Ho), often referred to as the "Hubble tension", which challenges
the internal consistency of the ACDM model and suggests that our current models may be
incomplete. Parallel to this, efforts to unify gravity with quantum mechanics and to
understand the nature of dark matter and dark energy remain unresolved, creating a
fragmented theoretical terrain. In this context, the Dodecahedron Linear String Field
Hypothesis (DLSFH) has been proposed as a unified framework bridging gaps in cosmology
and fundamental physics (Valamontes, 2024a).

In this context, the Dodecahedron Linear String Field Hypothesis (DLSFH) is proposed as a
conceptual and theoretical synthesis aiming to address multiple cosmological anomalies
through a unified framework. DLSFH is built upon three key pillars: (1) modifications to
classical and relativistic gravity through higher-order corrections, (2) dark sector
interactions mediated by hypothetical particles such as dark photons, and (3) an alternative
cosmological scenario based on a cyclic, bouncing model of the universe. The hypothesis
integrates these elements within a geometric and string-theoretical formulation, inspired
by the topology of the dodecahedron and by analogies drawn from linear field
representations in quantum field theory.
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Instead of postulating a singular initial condition, such as the classical Big Bang, the DLSFH
envisions a cyclic universe. In this scenario, phases of expansion and contraction are
dynamically governed by field structures and their interplay within the dark sector. This
hypothesis draws heuristic support from current discussions on bouncing cosmology, the
landscape of string theory, and possible modifications to general relativity at both infrared
and ultraviolet regimes.

This paper offers a first step toward outlining the conceptual underpinnings of the DLSFH
and setting the stage for its mathematical formalization. The DLSFH remains a theoretical
construct. Nonetheless, it attempts to reconcile diverse observational phenomena—such
as gravitational waves, CMB anomalies, and dark energy evolution—within a single
integrative hypothesis. Beyond this empirical ambition, the DLSFH reflects a deeper
epistemological movement: the shift in theoretical physics from fragmentation to synthesis.
This mirrors the unificatory drive seen in frameworks like M-Theory. as exemplified in the
structure of M-Theory (Witten, 1995; Carrasco-Jiménez, 2024). This perspective situates the
model within a lineage of multidimensional synthesis efforts that transcend disciplinary and
conceptual boundaries.

2. Theoretical Foundations of the DLSFH

2.1. Dodecahedron Linear String Field Hypothesis (DLSFH)

The Dodecahedron Linear String Field Hypothesis (DLSFH) emerges as a conceptual
response to the growing dissonance between observational cosmology and the prevailing
theoretical paradigms. It is structured upon three interlinked theoretical axes:

The Hubble tension refers to the statistically significant discrepancy between the value of
the Hubble constant (Ho)—the present-day expansion rate of the universe—when inferred
from early-universe observations versus late-universe measurements. Early-universe
estimate: Using measurements of the cosmic microwave background (CMB) by the Planck
satellite (2018), assuming the ACDM model, the derived value is:

Hy'™k — 67.4 4+ 0.5km/s/Mpc

Late-universe estimate: Based on Type la supernovae calibrated with Cepheid variables
(e.g. SHOES project led by Riess et al.), the measured value is:

HSMBS — 73,0 + 1.0km/s/Mpc
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This gap of ~5-6 km/s/Mpc, well beyond the mutual error bars, has persisted despite
improved data and independent methods (e.g., gravitational lensing time delays, cosmic
chronometers), reaching a statistical significance of 50 or more. This strongly suggests that
the tension may not be due to measurement errors but rather to new physics not
accounted for in ACDM.

Several explanations have been proposed:

e Early dark energy models

e Modifications to recombination physics
e Interaction models in the dark sector

e Time-varying gravitational constants

e Bouncing or non-standard cosmologies

The DLSFH takes this tension as a key starting point, proposing a non-singular, cyclic
universe where dark sector interactions and higher-order gravitational corrections jointly
modulate the expansion history. The goal is not only to match Ho values but to provide a
deeper geometric and dynamic reinterpretation of the cosmic evolution.

2.2 Higher-Order Gravitational Corrections

The success of general relativity at astrophysical scales is undeniable, yet discrepancies at
cosmological and quantum scales have prompted consideration of extended theories of
gravity. Modifications involving higher-order curvature terms—such as f(R)f(R)f(R), Gauss-
Bonnet, and non-local corrections—have shown promise in addressing late-time
acceleration without invoking exotic energy components.

DLSFH adopts a perspective where higher-order gravitational corrections act as dynamical
regulators in both the early and late universe. These corrections may emerge naturally from
low-energy limits of string theory or effective field theories of quantum gravity, offering a
mathematically consistent path to soften initial singularities and induce cyclic behavior. For
comprehensive reviews and formulations of such corrections, see Nojiri & Odintsov (2017),
Capozziello & De Laurentis (2011), and Belgacem et al. (2019).

2.3 Interactions in the Dark Sector: Dark Photon Mediation

The exact nature of dark matter and dark energy remains elusive. While ACDM treats these
as non-interacting components, recent proposals suggest the possibility of a hidden sector
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that communicates with the visible sector via mediator particles—most notably dark
photons.

Within the DLSFH framework, dark photon-mediated interactions enable energy exchange
mechanisms that are not accounted for in standard cosmology. These interactions could
modaulate the rate of cosmic expansion and trigger phase transitions between contraction
and expansion epochs, acting as a fundamental engine of cosmic cyclicity. For current
theoretical models and experimental constraints on dark photons and kinetic mixing, see
Fabbrichesi et al. (2021) and Alexander et al. (2016).

2.4 Bouncing and Cyclic Cosmology

The singularity problem of the Big Bang model has long motivated the search for non-
singular alternatives. Bouncing cosmologies offer one such avenue, in which the universe
undergoes a contraction phase followed by a bounce and then an expansion, avoiding initial
singularities and potentially explaining the flatness and horizon problems without inflation.
For contemporary formulations of bouncing cosmologies and the ekpyrotic scenario, see ljjas
& Steinhardt (2019), and Brandenberger & Peter (2017).

DLSFH integrates bouncing cosmology into a geometrically encoded cyclic model, where
the dodecahedral topology symbolizes a closed system of phases. The linear string field
aspect introduces a quantized mode of evolution through vibrational states, inspired by
string theory’s treatment of field excitations. In this view, each "bounce" represents a
reconfiguration of the underlying field topology, influenced by fluctuations in the dark sector
and gravitational corrections. Each "bounce" represents a reconfiguration of the underlying
field topology, modulated by fluctuations in the dark sector and gravitational corrections.
This process encodes the universe's dynamic transitions across cosmological cycles.
Following the brane-world framework of M-Theory (Randall & Sundrum, 1999), DLSFH
postulates that each cosmic cycle may correspond to a reconfiguration of the brane-field
geometry within a higher-dimensional space, possibly governed by dark sector
modulations. This interpretation opens a possible correspondence between cyclic
cosmology and dimensional transitions, enriching the theoretical foundation of DLSFH and
aligning it with current high-energy perspectives on spacetime and matter duality.

2.5 Comparative Cosmological Frameworks: Situating the DLSFH

To better understand the conceptual landscape in which the Dodecahedron Linear String
Field Hypothesis (DLSFH) is proposed, we present a comparative overview of key
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cosmological models. This comparison highlights the differences in foundational
assumptions, gravitational theory, treatment of dark components, and cosmological

evolution.

The goal is to situate the DLSFH not as an isolated speculation, but as a synthesis hypothesis

emerging from existing tensions and possibilities within contemporary cosmology.

Feature ACDM Model Early Dark Energy Standard Bouncing DLSFH (Proposed)
Cosmology
Initial Conditions Big Bang singularity =~ Big Bang  with Pre-Big Bang contraction Cyclic, non-singular

transient early DE

+ bounce

pre-geometry

Expansion A (cosmological Time-dependent Geometric bounce or Dark photon-mediated
Mechanism constant) dark energy field scalar field cyclic transitions
Gravitational General  Relativity GR + scalar field GR or modified gravity Higher-order gravity +
Theory (GR) string field effects
Dark Sector Decoupled dark Unified DE field Often decoupled or Interacting sector via
Treatment matter and energy (early + late) phenomenological dark photon
Resolution of Notresolved Partially addressed Not explicitly addressed Central to the model
Hubble Tension (by early energy)
Predicted Cosmic One-shot expansion, Modified early Eternal cycles or Topological, cyclic
Evolution thermal death expansion, same asymmetric bounces reconfiguration
fate
Empirical Status Well-tested, Viable but Plausible, with open Conceptual stage; pre-
internally constrained by issuesin dynamics mathematical
inconsistent CMB

This comparative framework illustrates how DLSFH attempts to bridge gaps that no single
model currently addresses in a unified way: the Hubble tension, dark sector dynamics, and
the need for a non-singular cosmology. It does so by combining geometric-symbolic insights
(via the dodecahedron), string-inspired field dynamics, and hidden sector physics, forming
a coherent if still embryonic cosmological vision.
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Fig. 2: Comparative overview of key cosmological models with emphasis on initial conditions, gravitational theory, dark

Conceptual Representation of the DLSFH
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sector treatment, and predicted evolution.

3. Symbolic Structure and Dynamic Architecture of the DLSFH

3.1 Heuristic Field Dynamics of the DLSFH

Although the DLSFH remains a conceptual framework, its internal consistency requires a
dynamic scaffold to express the evolution of large-scale cosmic structures under the
influence of modified gravity, dark sector interactions, and cyclic topology. A symbolic
Lagrangian density offers a provisional representation of these sectoral interactions.

These symbolic terms form the triadic foundation of the DLSFH:

Where:

CDLSFH = ﬂgrav(Ra R27 R,uyRFw) + EDS(A:,W Qb) + L"Cyc(a(t)v Q)
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® Egra‘,: Describes gravity with higher-order curvature invariants beyond Einstein-

Hilbert action. For instance:

1
Egrav = E(R -+ CER2 -+ 6R#UR'MV)

* Lpg: Represents the dark sector, where:
» A}, is the dark photon field,
e ¢ is ascalar field associated with energy density transfer,
e Their interaction could follow a Proca-like or Stueckelberg Lagrangian.

o L. Encodes cyclic cosmology dynamics, possibly via:

1
‘C'cyc == _idQ + V(-:yc(aa @)

with a(t) the scale factor and @ a cyclic field driving expansion-contraction

transitions.

These symbolic terms form the triadic foundation of the DLSFH. While not yet derived from
first principles, they offer a roadmap for developing the theory within a field-theoretic and
topological framework compatible with known physics. Importantly, the linear string field
framework adopted here does not presuppose a fixed background metric. Instead, the
model suggests that cosmological evolution—particularly the cyclic transitions between
phases—can be described through a dynamically emergent spacetime structure. This
aligns the hypothesis with background-independent approaches in quantum gravity and
permits a geometric reinterpretation of the dark sector as a topologically active layer
within the field dynamics. The vibrational structure of the @(z) also echoes formal elements
from superstring theory, where fields acquire physical meaning through internal oscillatory
modes. (Green, Schwarz, Witten, 1987). Furthermore, the model hints at a deeper duality:
one between geometry and hidden energy content. In the DLSFH, gravitational curvature
and dark sector fields are not merely coupled —they may be dual manifestations of a more
fundamental underlying structure. This echoes the dualities explored in string theory and
M-Theory, where different physical regimes emerge as complementary descriptions of the
same quantum entity.

The DLSFH posits that the large-scale evolution of the universe is governed not by static
parameters, but by an interplay of dynamically modulated fields around a topological and
vibrational logic. This section offers a heuristic description of how these fields evolve,
interact, and induce cosmic transitions across different epochs.

At the core of the model lies a tripartite structure: a gravitational field extended with higher-
order curvature terms; a dark sector composed of a scalar field ¢4 and a dark photon A4'y;
and a cyclic scalar field @(z) whose internal vibrational dynamics modulate the onset and
end of cosmological phases. This tripartite arrangement has also been examined as a

9
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symbolic representation of the four fundamental forces, suggesting a potential unification
scheme grounded in topological and vibrational couplings (Valamontes, 2024b).

The field dynamics can be summarized in four conceptual propositions:
i. Gravitational Field as Responsive Geometry:

The curvature of spacetime is not only a response to matter and energy, but also to
geometric feedback arising from higher-order terms such as R? and RyR™R. These
corrections enable bounces and mitigate singularities, providing the geometrical ground for
cyclic transitions. Moreover, under certain limiting configurations, the model converges with
classical solutions of General Relativity—such as the Schwarzschild metric—supporting the
view that the DLSFH can validate rather than replace Einsteinian gravity in specific regimes
(Valamontes, 2024c).

ii. Dark Sector as the Internal Thermodynamic Driver:

The scalar field ¢4 oscillates or evolves slowly, sourcing an effective pressure that modulates
expansion or contraction. Its interaction with the dark photon Ay, through kinetic mixing,
acts as a regulator of cosmic tension—driving acceleration or deceleration depending on
the coupling strength.

iii. Cyclic Field as a Vibrational Clock:

The string-like field @(z) operates over an internal parameter t\taur, defining a vibrational
cycle whose nodes correspond to critical transitions (e.g., bounce points). The universe
expands as the field grows toward a crest, stabilizes, then contracts as it returns to
equilibrium, closing the cycle.

iv. Phase Couplings and Topological Constraints:

Transitions between phases are governed by coupling functions fi(¢q4,%) that encode how
energy migrates across sectors. These functions are not arbitrary but constrained by a
discrete symmetry structure reminiscent of dodecahedral topology, giving rise to finite,

recurring dynamic states.

Together, these components produce a self-regulated cosmological loop, not imposed by
external conditions but emergent from internal vibrational and topological configurations.

10
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3.2 Conceptual Representation of the DLSFH (Updated)

Building upon the heuristic field structure outlined in the previous section, we offer a
conceptual systems diagram that encapsulates the core dynamics and interactions
proposed by the DLSFH framework.

Dark sector
fluctuations

reconfiguration

Figure 3.1: Cyclic evolution of the universe in
the DLSFII model, showing how dark secto
fluctuations and topological field reconfgurati-
on drive successive cosmological phases.

The model is structured around three principal sectors, each corresponding to a term in the
symbolic Lagrangian:

(1) Higher-Order Gravitational Corrections (Lgyay)
These represent extensions of General Relativity by including quadratic and possibly non-local curvature
invariants. Their role is to regularize the spacetime manifold, avoid singularities, and contribute to the

cyclic nature of cosmic evolution.

e (2) Dark Sector Interactions (Lpg)
Encompassing a vector field AL (interpreted as a dark photon) and a scalar field ¢, this sector mediates
energy exchanges that regulate the expansion and contraction phases. It acts as a dynamical bridge

between dark matter and dark energy domains.

¢ (3) Cyclic Field Dynamics (Ly.)
This term governs the time evolution of the scale factor a(t) and an auxiliary cyclic field ®. The field
topology, inspired by the dodecahedral symmetry, encodes periodic boundary conditions for

successive cosmological epochs.

These sectors converge into a central unifying structure, symbolized by the DLSFH node in
the accompanying diagram. The arrows denote bidirectional causal interactions—each
sector both influences and is constrained by the others. This triadic system implies that:

11
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e Gravitational curvature evolution modifies the effective potential landscape of the
dark sector.

e The dark sector mediates temporal transitions between cosmological phases.

e The scale factor and @(z) evolution are both constrained and modulated by high-
curvature regimes and dark energy flows.

The dodecahedral metaphor remains crucial—not as a literal spatial topology but as a
topological archetype suggesting closure, symmetry, and discrete yet continuous phase
transitions across cosmological cycles. This diagrammatic representation provides a
cognitive map of the DLSFH, enabling future mathematical development and observational
prediction derivation, while maintaining conceptual clarity at the current stage.

3.3 Preliminary Mathematical Formalism of the DLSFH

To support the conceptual foundation of the Dodecahedron Linear String Field Hypothesis
(DLSFH), we propose a symbolic Lagrangian that reflects the dynamics among its three
interacting components: higher-order gravity, the dark sector, and a cyclic vibrational field.

Lorsra = ; f(R, R, R") — 1FL,,F’”” 4 ;a#gbdawd — V(ga, ®) + ;a,@a“fcb ~U(®)
Where:
« f(R,R,,R"): includes higher-order gravitational corrections such as R + aR* + SR, R",
* F},: field strength tensor of the dark photon A,
e ¢y scalar field of the dark sector,
o (I)(T): cyclic scalar field depending on an internal parameter 7,

o V(¢q, ®): interaction potential between the dark scalar and the cyclic field,

o U(‘P): vibrational potential that governs phase transitions.

A representative symbolic equation of motion for the cyclic field P is:

PP dU | 9V(¢a, )

=ttt 0

This expression captures the internal vibrational cycle modulating the phases of cosmic expansion and

contraction.

Interpretative Notes

12
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o The total action S = f v —9 LpLsru diz may serve as a base for future quantization or numerical

analysis.

e The variable 7 represents an internal phase-like parameter and governs cyclic transitions, analogous to
proper time or internal evolution markers.

e The model admits potential integration with frameworks such as M-Theory, Loop Quantum Gravity, or
effective field theories with higher-curvature terms.

e The dark photon coupling and vibrational field introduce mechanisms for non-singular bounces and
symmetry-based phase shifts.

3.3.1 Extended Field Equations and Sectoral Couplings

From the symbolic Lagrangian:

1 1 ! /Ly 1 1 (T
EDLSFH = if(R’RF""R#U) — EF#VF# + EaMdea'uqﬁd =" V(d)d, @) + E(’l@@ (p == U(@)

We now outline the corresponding equations of motion by applying the variational principle to each field

component.

(i) Gravitational Sector

Assuming a simplified f(R) = R + aR?, the modified Einstein equation becomes:
1 .
Gu +a |2RR,, — 59#,,1?? +2(gw0-V,V,)R| =T5%

Where Tﬁf,f is the total energy-momentum tensor from the dark sector and cyclic field.

(ii) Dark Sector Field ¢pd
OV (¢q, @)

=0
d¢a

Uy —

This equation governs the scalar field dynamics with potential coupling to ®@. The kinetic mixing with the

dark photon may induce damping or amplification terms depending on the coupling strength.

(iii) Dark Photon Field A"

13
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V'F,, = J.(¢a)

Where JL is an effective dark current induced by the dynamics of ¢, possibly including a kinetic mixing

term with the visible photon.

(iv) Cyclic Field

We refine the vibrational field equation by introducing a time-varying mass term me (T):

2o,

oV (¢y, @ au
(h2+m¢(7')‘1)+m)+_0

OP dd

3.3.2 Limiting Scenarios and Special Solutions

A. High-curvature Regime (early universe / bounce):
In the limit R > 1, the R? term dominates:

G, =~ —20RR,,

This regime may trigger a bounce or suppress singularity formation. The cyclic scalar ® may act as a

stabilizing field against divergence.

B. Late-time Expansion:
Assuming ¢4 — const and ‘13(7') — small oscillations, the system reduces to an effective dark energy

behavior with:
Weir(2) = —1 4 6(2)

Where §(z) depends on the evolution of U(®), allowing for an oscillatory equation of state.

C. Cyclic Reentrance Condition:
Define a critical condition for returning contraction:
d® @

¢ = @max = —-— =0, < 5
(") 0, %%

0
dr <

This defines the peak of expansion, from which the universe transitions to contraction. This mirrors turning

points in scalar field potentials.

14
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In this context, understanding how modified vacuum structures constrain or permit non-
Schwarzschild solutions becomes essential. Recent work in quadratic Poincaré Gauge
theories has shown that, for stable Lagrangians with torsion, the only vacuum solution
remains torsionless and Schwarzschild, reinforcing the uniqueness of classical vacua even
under extended geometrical conditions?.

3.3.3. Numerical Illustration of the Cyclic Field

To qualitatively visualize the internal dynamics of the cyclic scalar field ®(7), we

numerically solve the classical equation of motion:

d*® dU
= 4+ =
dr d®
where the potential U(q)) defines the vibrational properties of the field. For illustrative

purposes, we use a cosine potential of the form:
U(®) = A*[1 — cos(®/f)]

which is known to generate stable oscillatory behavior reminiscent of axion-like dynamics.
The result is shown in Figure X. This behavior supports the hypothesis that the field acts as
a vibrational clock regulating the onset and end of cosmological phases, as discussed in
sections 3.2 and 4.2.

1 See de la Cruz-Dombriz, A., & Maldonado Torralba, F. J. (2021). Birkhoff’s theorem for stable torsion
theories. Physical Review D, 104(2), 024061. https://doi.org/10.1103/PhysRevD.104.024061

15
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Field Evolution for Potential: cosine
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Fig. 3: Numerical solution of the cyclic field ®(z) for a cosine potential. The field exhibits regular oscillations with stable
amplitude and frequency, which may drive modulated expansion and contraction phases in the cosmological cycle.

To complement the symbolic and analytical formulation of the cyclic scalar field @(z), we
present a numerical simulation that demonstrates its internal dynamics under a periodic
potential. We solve the classical equation of motion:

£o AU

P

using the cosine potential:

U(®) = A*[1 — cos(®/f)]

This potential reflects a physically motivated form common in axion models, with well-
behaved bounded oscillations. The numerical solution was obtained using Python's

scipy.integrate.solve_ivp method. The result is shown in Figure 3.

This behavior illustrates the role of @(z) as a vibrational clock. Its periodic oscillation defines
turning points—nodes—that can be interpreted as the transitions between cosmological

expansion and contraction. These oscillations are also proposed to leave subtle imprints in
observables such as H(z) and ¢(z), as discussed in section 4.2.

16
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Oscillation of ®{1) under Cosine Potential
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Fig. 4: Numerical solution of the cyclic field @(z) evolving under a cosine potential. The field exhibits stable oscillations,
suggesting its role as a regulator of cosmic phases in the DLSFH model.
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Evolution of ®(1) with A®* Potential
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Fig. 5: Numerical solution of the cyclic field ®(z) evolving under a quartic potential U(®) =A®*. The field exhibits sharper
and more rapid oscillations compared to the cosine potential, reflecting a stronger self-interaction. This behavior
suggests that different potential choices may induce distinct cosmological regimes within the DLSFH framework,

modulating the frequency and amplitude of expansion-contraction phases.

Comparison of Cyclic Field Dynamics under Different Potentials

0.100 - =2 -
k /
\ [
\ [
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Fig. 6: Comparative evolution of the cyclic field ®(z) under two different potentials. The blue curve shows the oscillatory

behavior under a cosine potential, while the red dashed curve represents dynamics under a quartic self-interaction. The

sharper oscillations of the 2®? field illustrate how potential shape influences the frequency and stability of cosmological
phase transitions within the DLSFH framework.
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3.3.4. Comparative Analysis of Vibrational Regimes

To investigate how the shape of the potential U(®) affects the dynamical behavior of the
cyclic field &(zr), we numerically solve its classical equation of motion under two
qualitatively different potentials: a cosine potential and a quartic self-interaction. Figure 6
illustrates the resulting trajectories, using identical initial conditions and a simple Euler
integration scheme.

The cosine potential U(@)=A?[1—cos(®/f)], commonly associated with axion-like fields,
produces smooth, bounded oscillations with stable amplitude and frequency. This regime
corresponds to a gentle, regulated cyclic behavior—ideal for representing cosmological
phases that evolve gradually and return periodically to equilibrium. In this scenario, the
vibrational field functions as a soft clock, with clear nodes marking the transition points
between expansion and contraction.

In contrast, the quartic potential U(®)=1®* generates more abrupt and high-frequency
oscillations, characterized by sharp turns and increased sensitivity to initial displacement.
This behavior suggests a more reactive cosmological regime, where transitions between
phases may be rapid or even chaotic. The intensity and curvature of the potential amplify
the self-interaction of the field, leading to accelerated dynamic shifts.

The idea that geometric polytopes may underlie transition schemes is reinforced by Vlasov’s
recent proposal of quantum communications through Witting polytopes (Vlasov, 2025),
which resonates with the symbolic transitions across the vibrational phase space in the
DLSFH. This correspondence supports the use of vibrational states as symbolic connectors
between discretized cosmological configurations.

These contrasting regimes are not merely mathematical variations—they correspond to
qualitatively different cosmological outcomes within the DLSFH framework. The smooth
cosine regime aligns with cyclic cosmologies where expansion and contraction are
rhythmically stable, while the quartic regime may model scenarios of sudden bounce, phase
instability, or even symmetry breaking in the dark sector.

Thus, the comparative analysis of @(7) under distinct potentials not only validates the
symbolic structure of the model but also reveals how the vibrational architecture of the
universe might encode its temporal logic. The form of U(®) acts as a selector of cosmic
temperament—gentle or violent, regular or stochastic—thereby grounding symbolic
topology in dynamic causality.

3.3.5. Concluding Reflections on Section 3.3

The symbolic and mathematical construction of the DLSFH suggests that the dynamics of
the cosmos may be governed not solely by geometric curvature or energy content, but by

19
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the deeper structure of vibrational topology. Through analytical formulation and numerical
exploration, we have shown that the internal potential U(®) —while appearing as a
secondary element—profoundly shapes the timing, intensity, and symmetry of cosmic
evolution. The @(7) thus serves as more than a passive scalar: it becomes an architect of
cosmic rhythm, encoding an intrinsic logic of transition. This insight bridges the conceptual
with the quantitative, grounding the symbolic architecture of the DLSFH in tangible
dynamical effects, and opening the path for future studies on how cosmological form and
function may emerge from underlying vibrational codes.

3.4 Transition to Observable Consequences

Having established the symbolic formulation, field-theoretic scaffold, and vibrational
dynamics of the DLSFH, we now turn to its phenomenological implications. The
mathematical constructs introduced—particularly the cyclic scalar field &(z) and its
interaction potentials—are not purely internal mechanisms, but agents capable of
producing observable effects in the universe's large-scale evolution. The modulation of
cosmic phases, encoded in the internal vibrational structure of the field, suggests deviations
from the smooth expansion profile predicted by standard ACDM cosmology.

The upcoming section explores these possible deviations by connecting the internal
variables of the DLSFH with cosmological observables such as the Hubble parameter H(z)
and the deceleration parameter ¢(z). These observables act as empirical gateways through
which the symbolic architecture of the model may become testable, and potentially
falsifiable. In this way, the DLSFH transitions from a symbolic hypothesis to a dynamical
framework with observational relevance.

4. Concrete Predictions and Observational Signatures

4.1. Introduction

Recent developments in non-local modifications of General Relativity have shown that it is
possible to construct models with the same number of free parameters as ACDM, yet
grounded in radically different theoretical principles. For instance, Dirian et al. (2015)
implemented non-local terms in the gravitational action and demonstrated that their
models remain compatible with key observational datasets—including CMB, BAO, and type
la supernovae—using a modified Boltzmann code’.
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Beyond non-local approaches, modified gravity frameworks have also provided consistent
mechanisms for generating inflationary dynamics, cosmological bounces, and late-time
acceleration within a unified formalism. Notably, the extensive survey by Nojiri, Odintsov,
and Oikonomou (2017) demonstrates how scalar-tensor couplings, higher-order curvature
terms, and torsion-like effects can all contribute to viable alternative cosmologies—many of
which predict cyclic or non-singular scenarios structurally similar to the DLSFH2.

This suggests that theoretical innovation, even when it departs from local curvature
dynamics or standard vacuum assumptions, need not be observationally excluded a priori.
The DLSFH, although symbolic in origin and topological in construction, aligns with this
trajectory: it proposes a vibrational and geometric modulation of large-scale dynamics while
preserving the empirical constraints that define viable cosmological models3.

The DLSFH’s predictive structure does not attempt to override standard cosmological
datasets, but to enrich them with topological and vibrational structure. Accordingly,
comparisons with precision measurements—such as those from the Planck 2018 mission—

will be essential for testing deviations in parameters like H(z) and ¢(z) (Aghanim, et al,,
2018).

4.2. Concrete predictions

Although the DLSFH remains in a conceptual stage, it yields several concrete predictions that
can be explored through current and upcoming cosmological observations:

i. Scale-Dependent Variation of the Hubble Parameter

Dark photon-mediated interactions are expected to modulate the cosmic expansion rate,
leading to a smooth redshift-dependent Hubble parameter:

H(z) = Ho[1+4d(2)], d(2) oc (4,A%)

This variation may help explain the observed Hubble tension and should be testable through
cosmic chronometers, baryon acoustic oscillations (BAO), and Type la supernovae.

ii. Oscillatory Features in the CMB Angular Power Spectrum

2 See Nojiri, S., Odintsov, S. D., & Oikonomou, V. K. (2017). Modified gravity theories on a nutshell: Inflation,
bounce and late-time evolution. Physics Reports, 692, 1-104. https://doi.org/10.1016/j.physrep.2017.06.001
3 See Dirian, Y., Foffa, S., Kunz, M., Maggiore, M., & Pettorino, V. (2015). Non-local gravity and comparison
with observational datasets. JCAP, 2015(04), 044. https://doi.org/10.1088/1475-7516/2015/04/044.
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If the universe has undergone previous cycles, residual signatures may imprint oscillatory
or non-Gaussian features in the CMB power spectrum, particularly at high multipoles
(€>1000).

Such effects could be probed using Planck data, Atacama Cosmology Telescope (ACT), South
Pole Telescope (SPT), or future missions like CMB-S4.

iii. Modulated Stochastic Gravitational Wave Background
Each cosmic bounce may generate gravitational waves with modulated or resonant

structures. The resulting stochastic background may exhibit discontinuities or periodic
spectral features:

Qew(f) ~ f" (1 + ecos(wlog f))

These could be detected by space-based observatories (e.g., LISA), pulsar timing arrays
(NANOGrav), or the Square Kilometre Array (SKA).

iv. Dynamical Equation of State for Dark Energy

Due to dark sector couplings, the effective dark energy equation of state might vary with
redshift and even oscillate:

West(2) = wy + wy cos(wz)

This prediction departs from the ACDM model and can be tested via supernova surveys,
weak lensing, and galaxy clustering.

v. Deviations in the Growth Rate of Cosmic Structures
Higher-order gravitational corrections may lead to deviations in the standard growth rate
of density perturbations. This can manifest as anomalies in the growth factor f 65 (z) or in

the large-scale correlation function of galaxies.

Such deviations are detectable via galaxy surveys like DESI, Euclid, or LSST.

4.3. Observable Consequences and Empirical Access

A core strength of the DLSFH lies in its potential to yield empirical consequences, despite its
symbolic and topological origins. While not yet fully quantified, the model suggests testable

22



Preprint

deviations from the standard ACDM cosmology. These deviations arise from the cyclic
vibrational field @(z), which modulates the dynamics of expansion and contraction. This
modulation introduces periodic features into large-scale cosmological parameters that are,
in principle, observable. Two key quantities emerge as natural windows into this structure:
the Hubble parameter H(z) and the deceleration parameter ¢(z).

4.3.1 Modulated Expansion and Periodicity in H(z)

The Hubble parameter H(z), which encodes the rate of expansion of the universe as a
function of redshift z, is predicted to exhibit small but coherent oscillatory deviations from
the smooth monotonic profile expected in ACDM. These oscillations arise from the influence
of the cyclic field @(z), whose internal dynamics act as a vibrational clock.

We posit the following phenomenological expression:

H(z) = Hacom(z) + A - sin [w - 7(2)]
Where:
¢ A is asmall amplitude representing the strength of the vibrational effect.

* w is a characteristic frequency tied to the internal dynamics of @'(1').

. T(z) is an implicit mapping from cosmological redshift to the internal phase of the cyclic field.

Such modulation could, in principle, be detected via precise measurements of the Hubble
parameter across redshift bins using baryon acoustic oscillations (BAO), cosmic
chronometers, or the Lyman-alpha forest. The frequency w and amplitude A would reflect
model-specific values constrained by the effective potential U(®) and the couplings in the
Lagrangian.

4.3.2 Vibrational Signature in the Deceleration Parameter q(z)

The deceleration parameter, defined as:
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H
q(z) = -1- I

is highly sensitive to changes in the acceleration regime of the universe. In the DLSFH framework, where
cosmological acceleration and deceleration are phase-dependent and internally regulated, one expects q(z)

to display oscillatory behavior around the standard asymptote ¢ = —1 at late times.

A minimal phenomenological model yields:

g(z) = —-1+6-cosw-7(z)]

Where ¢ is a small modulation amplitude, and w -7(z) again encodes the internal vibrational
state of the field. Such a signature would manifest as periodic deviations in luminosity-
distance relations for supernovae, potentially leaving residual patterns in Type la supernova
datasets or cosmic infrared background surveys.

The detection (or absence) of such oscillatory imprints offers a falsifiable criterion for the
DLSFH framework. If periodic modulations of this type are confirmed, they would provide
strong support for the presence of internal cyclic dynamics in cosmological evolution.
Conversely, a sufficiently precise null detection could place strong bounds on the amplitude
A and on the functional form of the cyclic field @(7).

4.4 Concluding Remarks on Observability and Theoretical Reach

The DLSFH proposes a symbolic and topologically modulated framework that, while
speculative in its foundations, makes concrete predictions about the behavior of key
cosmological observables. By embedding a cyclic field &(z) into the gravitational
architecture of the model, it introduces a dynamic internal logic that modulates the
expansion rate and acceleration of the universe. These modulations, though subtle, could
leave measurable imprints in the redshift dependence of the Hubble parameter H(z) and
the deceleration parameter ¢(z), particularly in the form of low-amplitude periodic
deviations. The observational accessibility of these signatures places the DLSFH within the
domain of falsifiable theories. The detection of such patterns—especially if they deviate in
phase or amplitude from standard ACDM predictions—would provide evidence in favor of
an internal cyclic mechanism shaping cosmic evolution. Conversely, the absence of these
deviations within future high-precision datasets would impose meaningful constraints on
the functional forms of U(®) and the coupling strengths across sectors.

In this sense, the DLSFH does not merely sketch a symbolic cosmology—it outlines a
research program: a testable hypothesis where form, vibration, and symmetry become
empirical variables, embedded in the deep structure of cosmic time.
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4.4 Concluding Remarks on Observability and Theoretical Reach

These predicted effects are summarized in Table 1, along with relevant observational
strategies for falsification.

Prediction Observable Expected Signature Testing Method / Dataset
Quantity
Periodic modulation of Hubble Low-amplitude, smooth oscillations Supernovae la surveys
expansion rate parameter H(z) over redshift (Pantheon+), BAO
measurements
Transient deviations in Deceleration Alternating acceleration/deceleration Planck CMB (2018), DESI,
cosmic acceleration parameter g(z) episodes at fixed cyclic intervals Euclid mission
Residual structure in SNe distance Harmonic residuals deviating from JLA, Pantheon+
distance modulus vs modulus ACDM baseline
redshift
Energy exchange across  Effective Local anomalies in w(z), especially CMB+LSS cross-
sectors during equation of state  during bounces or reversals correlation, future CMB-S4
transitions w(z) experiments
Vibrational imprint on Primordial Possible phase-locked structure in B-mode polarization data
tensor perturbations gravitational tensor modes due to @(z) modulation (LiteBIRD, CMB-54)
waves

Table 1: Observable signatures derived from the internal dynamics of the DLSFH and potential datasets for empirical
testing. 20205.

5. Integrative Implications and Theoretical Coherence

The Dodecahedron Linear String Field Hypothesis (DLSFH) is more than an alternative
cosmological model; it represents an attempt to synthesize multiple theoretical domains—
modified gravity, dark sector dynamics, and cyclic cosmologies—into a single structured
framework. This section outlines how the internal coherence of the DLSFH emerges from its
triadic architecture and explores its potential to resolve foundational inconsistencies in
modern cosmology.

5.1 Synthesis Beyond Fragmentation

Modern cosmology is marked by theoretical fragmentation: gravity is modeled via general
relativity, dark energy remains phenomenologically defined, and dark matter is typically
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treated as cold, collisionless, and decoupled. The DLSFH offers a unifying triadic structure
where:

i. Gravitational behavior is dynamically altered via higher-order corrections.
ii. The dark sector is made interactive and geometrically relevant.
iii. Temporal structure is governed by vibrational, cyclic field dynamics.

This synthesis reflects the larger movement in theoretical physics toward meta-frameworks
that transcend traditional divisions, much like M-Theory or emergent spacetime proposals.

5.2 Toward a Geometrization of Hidden Physics

By assigning a symbolic-topological function to the dodecahedron and coupling it to
vibrational modes of the string field, the DLSFH proposes a new type of geometrization: not
of matter or space per se, but of phase transitions and dark energy flows. The model
suggests that what appears as dark energy dynamics or Hubble tension anomalies may be
the projected outcome of topological reconfiguration in a higher-order field framework.

5.3 Internal Dualities and Emergent Unity

A striking aspect of the DLSFH is the possibility of duality between curvature and energy
content. This aligns with trends in string theory and holography, where geometry and
guantum degrees of freedom are seen as dual descriptions of a more fundamental entity. If
validated, the DLSFH could position itself not only as a cosmological model, but as a
structural lens through which quantum gravity, field dynamics, and dark sector physics
coalesce into an emergent unity.

6. Future Directions and Theoretical Development

The Dodecahedron Linear String Field Hypothesis (DLSFH) offers a conceptual synthesis at
the intersection of modern cosmology, modified gravity, and string-inspired field theory.
While its current formulation is primarily qualitative, the hypothesis provides a versatile
foundation from which to launch a multifaceted research program. The next stages of this
endeavor will aim to move from symbolic structure to predictive and testable dynamics.
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a)

c)

d)

Mathematical Formalization

Construction of a full Lagrangian or action integral incorporating higher-order
curvature terms and dark sector coupling.

Exploration of symmetry structures (e.g., SO(3,1), discrete cyclic groups) inspired by
the dodecahedral archetype.

Inclusion of quantization schemes using string field analogies (e.g., BRST formalism
or functional integral methods).

Numerical Simulations of Cyclic Cosmologies

Development of bounce-compatible dynamical systems with varying curvature and
matter content.

Simulation of multicycle universes to test entropy evolution, phase transitions, and
residual signatures across epochs.

Phenomenological Interface with Observational Programs

Mapping of predicted anomalies (e.g., in H(z), fos, or gravitational wave background)
onto current datasets.

Identification of specific observables in collaboration with experimental groups (e.g.,
Planck Legacy, Euclid, LIGO/Virgo/KAGRA, JWST).

Exploration of dark photon constraints from LHC, fixed-target experiments, or
astrophysical limits.

Theoretical Embedding within Quantum Gravity Landscape

Positioning DLSFH within broader frameworks like Loop Quantum Gravity, emergent
gravity, or the string landscape.

Comparative analysis with bouncing models (e.g., ekpyrotic, matter bounce) to
isolate unique DLSFH contributions.

Philosophical and Foundational Implications

Reconsideration of time, causality, and cosmological origin in a topologically cyclic
universe.

Use of symbolic-geometric metaphors (e.g., dodecahedron) to encode physical
structures, extending the legacy of Platonic cosmology in contemporary physics.

This roadmap seeks to balance conceptual depth with empirical ambition. By anchoring the

DLSFH in both physical motivation and symbolic rigor, future research may contribute not

only to the resolution of the Hubble tension and cosmic acceleration, but also to a broader

reimagining of the universe’s structure, rhythm, and logic.

27



Preprint

7. Discussion: DLSFH in the Context of M-Theory and Unified
Frameworks

The Dodecahedron Linear String Field Hypothesis (DLSFH) can be understood not only as a
proposal to resolve cosmological anomalies—such as the Hubble tension—but also as a
contribution to the deeper epistemic movement toward unification in theoretical physics.
Its integration of modified gravity, dark sector interactions, and cyclic topology resonates
strongly with efforts like M-Theory, which seeks to synthesize disparate string models into
a coherent, higher-dimensional framework.

7.1 Fragmentation and Synthesis in Theoretical Physics

As Edward Witten and others have emphasized, the history of string theory and high-energy
physics is marked by phases of fragmentation, where diverse formulations proliferate
without clear unification. M-Theory emerged as a metastructure, a unifying platform that
revealed hidden symmetries and dualities across previously disconnected models. DLSFH
mirrors this philosophical trajectory: it seeks to unify cosmological ingredients that are
typically treated in isolation—gravity corrections, dark interactions, and temporal
topology—into a single synthetic hypothesis. Rather than introducing new fields ad hoc, the
model reinterprets known structures (e.g., scalar and vector fields) within a novel geometric
regime.

7.2 Brane Dynamics and Topological Reconfiguration

Incorporating insights from brane-world scenarios in M-Theory (Randall & Sundrum, 1999),
the DLSFH interprets each cosmic cycle as a topological reconfiguration of a higher-
dimensional brane-field structure. This approach allows the universe to undergo phase
transitions without invoking a classical singularity, and positions the dark sector as a possible
holographic interface between dimensions. Such a framework not only aligns with
contemporary ideas in emergent spacetime but also invites reinterpretations of
cosmological observables as projections or resonances from higher-dimensional field
dynamics.

7.3 Dualities and the Geometry—Energy Interplay

One of the most powerful ideas to emerge from M-Theory is the notion of duality: that
distinct physical regimes may correspond to different representations of a deeper unity. In
DLSFH, this spirit is echoed in the proposed duality between geometry and energy—in
particular, between gravitational curvature and the dynamics of the dark sector. These are
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not merely coupled entities but may be mutually generative, with energy distributions
shaping topology, and topology in turn modulating energy flow. This interpretation could
explain cyclic cosmic evolution not as a return to the same state, but as a field-encoded
progression across a multidimensional phase space.

7.4 Symbolism and Physical Structure

Finally, the dodecahedron is more than metaphor. In Platonic cosmology, it symbolized the
heavens, order, and closure. In Platonic cosmology, it symbolized the heavens, order, and
closure—a vision echoed in modern mathematical cosmology, where symbolic forms are
treated as structural guides for physical interpretation (Barrow, 1991; Penrose, 2004). In
DLSFH, it encodes a topological archetype for phase transition symmetry, echoing the way
that Calabi-Yau manifolds or compactified spaces function in string theory—not as spatial
realities, but as abstract containers of vibrational modes and structural transitions. In this
context, the DLSFH stands not only as a tentative cosmological model but as a philosophical
and structural hypothesis aligned with the broader intellectual evolution of theoretical
physics. It invites the formulation of new bridges—between geometry and matter, time and
topology, local evolution and global structure—under a unified conceptual language.

In DLSFH, it encodes a topological archetype for phase transition symmetry, echoing the way
that Calabi—Yau manifolds or other compactified structures function in string theory—not
as literal spatial geometries, but as abstract containers of vibrational modes and structural
transitions (Candelas et al., 1985).

7.5 Connections with Unconventional Cosmological Frameworks (Comparative
Frameworks and Hybrid Theories)

The DLSFH does not arise in isolation but resonates with several non-standard proposals
that have sought to overcome the limitations of the ACDM paradigm. While differing in
mechanisms, these models share the ambition to unify early- and late-time cosmology
through deeper structural or geometric principles.

i. Ekpyrotic and Cyclic Models (Steinhardt—Turok)

The DLSFH aligns with the philosophical structure of the ekpyrotic scenario, where the
universe results from brane collisions in higher-dimensional space. In both models, cyclicity
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replaces singularity, but DLSFH diverges by introducing string-inspired field structures and
topological modulation via the dodecahedral archetype.

ii. Loop Quantum Cosmology (LQC)

LQC proposes quantum corrections to the Friedmann equations, leading to a bounce instead
of a singularity. The DLSFH shares the motivation of non-singular origin but embeds it in a
field-theoretic topology, allowing for vibrational dynamics and field dualities that are
absent in LQC’s canonical quantization.

iii. Emergent Gravity Models (Verlinde, 2016)

While emergent gravity sees spacetime curvature as an entropic phenomenon, DLSFH
echoes this idea through its duality between geometry and energy content. In both views,
gravity is not fundamental but derived from deeper informational or field-theoretic layers.

iv. Entropic Cyclicity and Cosmological Hysteresis

Some recent models introduce hysteresis-like phenomena where entropy flows between
expansion and contraction phases. The DLSFH, by allowing modulation from the dark
sector and geometrically quantized transitions, may reproduce similar hysteretic loops in
its cyclic field dynamics.

v. Non-Local and Non-Commutative Geometries

Models involving non-local gravitational actions or spacetime with non-commutative
coordinates provide an alternative to singularities and standard quantization. The DLSFH
can, in principle, accommodate non-localities through higher-order curvature terms and
vibrational topology, which act across scales. These connections position the DLSFH as part
of a broader epistemic trend in theoretical physics: the movement toward cyclic, non-
singular, and structurally unified cosmologies. Unlike most models that focus on one
anomaly or one energy regime, DLSFH attempts a triadic unification—linking gravity, dark
sector dynamics, and temporal topology—within a coherent symbolic and geometric
framework.
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8. Epistemic Symbolism and the Architecture of Theoretical
Synthesis

8.1 Dodecahedral Topology and Quantum Geometry

While the DLSFH is formulated as a symbolic and topological model at classical or
semiclassical scale, its structural elements allow for conceptual bridges to quantum
gravity—particularly in background-independent approaches such as Loop Quantum Gravity
(LQG). In LQG, space is quantized into discrete chunks represented by spin networks, where
geometric operators such as area and volume have discrete spectra. Each node of the spin
network corresponds to a quantum of space, and its local geometry is encoded in the
intertwining of angular momentum representations.

Within this context, the dodecahedron proposed in the DLSFH may be interpreted as a
topological archetype for a quantum cell of space, encoding both symmetry constraints
and transition pathways between vibrational states of the cyclic field @(z). The use of the
dodecahedron is not merely illustrative: it suggests that discrete 3-manifolds with
dodecahedral tessellations could serve as the combinatorial basis for spatial quantization
in a vibrational cosmological model.

Moreover, the five Platonic solids are known to play a role in the classification of regular
polytopes, which appear naturally in spin foam models of quantum gravity—especially in
the context of group field theories and simplicial complexes. The dodecahedron, being the
most complex of these solids with 12 pentagonal faces and rich rotational symmetry (A5
group), could define a preferred cell for coarse-grained models of spin-network evolution,
or act as a dual structure to a 4-simplex in a path integral over topologies.

This opens the possibility of interpreting the cyclic scalar field @(z) not merely as a time-like
modulation, but as a phase operator acting on geometric quanta, aligning with the notion
of quantum geometry where space evolves not by expansion in a fixed background, but by
topological reconfiguration of its underlying combinatorial structure.
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8.2. The dodecahedron as an epistemic engine

8.2.1 Symbolic Form and the Structure of Scientific Intuition

The DLSFH invokes the dodecahedron not as a mere spatial metaphor, but as a symbolic
form that informs the very structure of theoretical intuition. This distinction, although
subtle, marks a critical epistemological shift: rather than reflecting the universe from the
outside, the dodecahedron serves as a synthetic a priori—an internal architecture through
which scientific meaning is filtered and composed.

The epistemic role of form has a long and ambivalent lineage. From Plato’s identification of
the dodecahedron with the cosmos, to Kant’s transcendental schemata that condition our
experience of space and time, form has never been neutral. Rather, it functions as what
Gaston Bachelard called a material imagination—a mediator between perception and
theory, experience and construction. In this view, the symbolic form is not posterior to
discovery; it is the groundwork that makes discovery coherent.

Karin Verelst’s (2009) work on symbolic geometry in early modern science supports this
interpretation: she argues that geometrical forms served as epistemic attractors long before
the development of experimental techniques to validate them. Geometry, in this sense,
precedes measurement. The choice of symbolic form is not guided by observation, but by
what might be called a pre-theoretical gesture—a moment of selection in which form
becomes the seed of theoretical possibility.

By positioning the dodecahedron as the foundational structure in the DLSFH, the model
aligns with this tradition. It does not assume the dodecahedron is physically real in a
material sense; rather, it holds that the universe may be structured as if it obeys a logic of
dodecahedral recursion. This is not metaphysics—it is architectural epistemology. It
postulates that theoretical constructs require internal symmetry, closure, and recurrence—
not only for aesthetic elegance but for logical coherence.

Thus, symbolic form becomes not a passive image, but an operator of intelligibility. The
dodecahedron, with its twelve faces and finite group structure (A5), acts as a topological
scaffold upon which the dynamic variables of the DLSFH are meaningfully distributed. The
field equations are not simply applied to this form—they are constrained by it.

This vision is consonant with Vlasov’s interpretation of the Penrose dodecahedron as a
functional geometry within quantum entanglement and contextuality structures (Vlasov,
2022b), where symbolic configuration becomes inseparable from the logic of quantum state
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evolution. Such results reinforce the proposal that symbolic form is not a metaphor in the
DLSFH—it is a generative operator.

8.2.2 The Dodecahedron in Quantum Topology and Discrete Spacetime

In the context of quantum gravity, the question of how space is constituted at the most
fundamental level demands a shift from smooth, continuous geometry to discrete
combinatorial structures. The dodecahedron, within the DLSFH, is not simply a symbolic
reference; it emerges as a legitimate candidate for the elementary topological unit of a
guantum spacetime architecture.

Loop Quantum Gravity (LQG), spin foam models, and Group Field Theories (GFT) all suggest
that spacetime is composed of minimal, quantized units of geometry—nodes and links in a
spin network, or higher-dimensional simplicial complexes. These approaches replace the
continuum with a set of interrelated, quantized geometrical excitations. In such frameworks,
the choice of elementary cell is not epistemically inert; it shapes the possible dynamical
behaviors of space itself.

This orientation aligns with Carlo Rovelli’s relational framework, in which space is not a
background container but a network of dynamical relations. In such models, geometry
emerges from interaction; nodes and links are not embedded in space—they generate it.
The DLSFH echoes this approach by proposing that symbolic topologies like the
dodecahedron serve not to represent space, but to instantiate its conditions of
emergence®.

The dodecahedron offers a rich candidate for this role. Its twelve pentagonal faces, high
degree of symmetry, and association with finite rotational group 45 give it a unique balance
between complexity and closure. Unlike a cube or tetrahedron, the dodecahedron cannot
tile three-dimensional Euclidean space without curvature. This fact, far from being a defect,
is precisely what endows it with cosmological potential: it naturally induces curvature and
global constraints, characteristics necessary for a closed or quasi-closed universe. Recent
work by Vlasov (2022) further supports the role of the dodecahedron in quantum
frameworks, demonstrating its connection to the Penrose configuration and the geometry
of entanglement. Such results reinforce the idea that symbolic geometries like the

4 Rovelli, C. (2014). Reality Is Not What It Seems: The Journey to Quantum Gravity. Riverhead Books.
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dodecahedron are not arbitrary, but may represent optimal architectures for encoding
quantum correlations.

Historically, the idea of dodecahedral topology has surfaced in proposals such as Luminet et
al.'s Poincaré Dodecahedral Space model, which attempts to explain anomalies in the CMB
by positing a finite, multiply connected universe. The DLSFH extends this idea: it does not
merely embed the dodecahedron in space—it proposes that space itself is generated
through dodecahedral logic, where vibrational phases and topological constraints co-
determine the structure of observable geometry. This perspective has been revisited and
developed further by Pellis (2022), who formulates the Poincaré dodecahedral space as a
topologically consistent solution to the shape of the universe. His approach reinforces the
idea that dodecahedral geometry is not a symbolic artifact but a physically plausible
structure compatible with empirical cosmology.

Furthermore, in spin network formulations, the dual polyhedron to a dodecahedron—a
icosahedron—may serve as a natural building block in the combinatorial lattice of quantum
space. The presence of such dual structures allows for non-trivial coupling of geometric and
topological degrees of freedom, potentially encoding physical states of the cyclic field @(7)
within a quantum geometric register.

In this sense, the DLSFH begins to trace the outline of a quantum topological cosmology:
one in which discrete, symbolically-motivated geometries act not merely as illustrations but
as operative structures, determining how curvature, matter, and phase evolution emerge
from deeper combinatorial orders.

This interpretation finds further support in Vlasov’s analysis of the Penrose dodecahedron,
where the structure not only encodes a symbolic configuration but acts as an operator of
guantum entanglement and contextual logic (Vlasov, 2022a). Within the DLSFH, this role is
extended: the dodecahedron becomes the very grammar of transition and modulation—a
shape that not only defines the theory’s topology but choreographs its epistemic
evolution.

8.2.3 From Metaphor to Operator: The Form as Generator

Traditional models in physics often treat symbolic structures—geometries, diagrams, even
potentials—as secondary illustrations of deeper physical truths. In this view, form follows

34



Preprint

function; geometry reflects dynamics. The DLSFH reverses this order: form generates
function.

This reconceptualization places the dodecahedron not as a metaphor, but as what might be
called an epistemic operator. It acts upon the symbolic landscape of the theory, delimiting
the space of meaningful field configurations and interactions. The cyclic field @(z), for
instance, is not simply inscribed upon a dodecahedral scaffold—it acquires its cyclicity, its
nodal logic, and its symmetry constraints from that scaffold. The form does not describe the
dynamics—it induces them.

This shift resonates with Hans-Jorg Rheinberger’s (1997) notion of “epistemic things”:
conceptual entities that are not yet fully known, but generate new knowledge through their
structural affordances. The dodecahedron in the DLSFH functions similarly—it is a structure
that makes certain kinds of reasoning and formalization possible. Its efficacy lies not in its
completeness, but in its generativity.

This move from geometry as description to geometry as operator also finds resonance in
Rovelli’s epistemological stance in Helgoland, where he argues that physical entities arise
from relational structure, not from intrinsic substance®. In this light, the dodecahedron
becomes a relational attractor—a structure that does not require a prior reality to describe,
but actively co-constructs it.

Moreover, the move from metaphor to operator echoes Nancy Cartwright’s (1983) rejection
of “laws of nature” as rigid representations of physical reality. Instead, Cartwright argues
that models are tools for organizing and generating phenomena. The DLSFH embraces this
stance by treating the symbolic form as a productive constraint—a condition of intelligibility,
not merely a figure of imagination.

In this light, the DLSFH positions itself as a model of generative cosmology, where form is
not static, but active; not reflective, but projective. It is a cosmology not only of structure
but of symbolic action—where geometry, vibration, and symmetry co-produce the
scaffolding upon which both physical law and theoretical possibility rest®. n the DLSFH, form

5>See Rovelli, C. (2021). Helgoland: Making Sense of the Quantum Revolution. Riverhead Books.
6 This view resonates with the idea that gravity may itself be emergent rather than fundamental—a perspective
famously popularized by Maldacena as “the illusion of gravity.” See: Maldacena, J. (2005). The illusion of
gravity. Scientific American, 293(5), 56—63. https://doi.org/10.1038/scientificamerican1105-56
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is promoted from illustration to instruction: the dodecahedron is not symbolic of a theory,
it is the logic through which theory becomes possible’.

8.3. Symbolic Logic as an Epistemic Operator

The DLSFH, while constructed as a physical model, is undergirded by an architecture of
meaning production that transcends conventional representation. It operates not merely as
a cosmological framework but as a symbolic engine, in which form, vibration, and symmetry
do not describe the universe—they generate its interpretability. At this level, symbolic logic
functions as an epistemic operator, one that organizes the construction of scientific theory
by regulating how reality becomes formally intelligible.

Where traditional models rely on empirically abstracted quantities, the DLSFH introduces
geometric and vibrational primitives whose structure precedes quantification. The
dodecahedron is not simply a suggestive topology—it is the invariant of generation, a
symbolic seed from which the theoretical field unfolds. The vibrational scalar @(7),
modulated over a cyclic parameter, acts not only dynamically but semiotically: it marks
transitions, encodes relations, and indexes transformations.

In this framework, symbolic geometry does not reflect hidden physical truths—it imposes
structural constraints on intelligibility. As such, the DLSFH does not merely offer a new
model of the cosmos; it proposes a shift in the logic of theorization. Scientific concepts here
are not derived from observations; they are synthesized from symbolic conditions of
possibility, in line with what Rheinberger (1997) called an epistemic thing: a site where
knowledge becomes articulate before it becomes factual.

This symbolic logic resists reduction to syntax or formalism alone. It aligns more with
Cassirer's view of symbol as formative force—a generator of relational space—than with
the static representation of mathematical objects. The DLSFH enacts this force by treating
symbolic form as both the infrastructure and the active syntax of cosmological emergence.

In this view, the dodecahedron is not a figure within the theory; it is the figure of the theory,
the projection through which vibration, field, and phase articulate a knowable structure. It

7 See Barrow, J. D. (1991). Theories of Everything: The Quest for Ultimate Explanation. Oxford University Press.
Barrow reflects on the inherent limits of human cognitive structures in grasping totalizing theories, a concern
which underscores the need for symbolic geometries as mediators between the comprehensible and the
cosmically real.
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is a synthetic operator, simultaneously epistemological and generative. Thus, the symbolic
structure of the DLSFH does not merely accompany the mathematics—it is its condition.

Seccidon 9: Manifesto: Toward a Generative Cosmology of Form

9. Manifesto: Toward a Generative Cosmology of Form

The Dodecahedron Linear String Field Hypothesis (DLSFH) is not merely a cosmological
model. It is a synthetic architecture—an attempt to articulate a cosmos not through
descriptive representation, but through generative form. At its core lies a wager: that form,
vibration, and symmetry are not secondary to matter and energy, but primordial to the
act of theorizing.

This hypothesis does not extend known physics. It recasts its foundations. It does not seek
precision through accumulation, but intelligibility through structure. Its symbols—
dodecahedron, cyclic field, topological resonance—are not analogies. They are epistemic
operations, encoding constraints and affordances of what can be thought, modeled, and
observed.

The DLSFH is a cosmology in which geometry is not a backdrop, but an active syntax of
emergence. Its phase space is not a continuum of blind dynamics, but a symbolic terrain—
structured, finite, and meaningful. The field @(z) does not merely evolve: it writes, it
informs, it imposes transitions upon spacetime through a logic of internal vibration.

What this framework proposes is not a new law, but a new kind of theoretical being: one
where symbolic logic, formative geometry, and vibrational epistemics converge to produce
theory itself as a cosmological act. The dodecahedron s notin the theory—itis the condition
of the theory’s existence. It is not a representation of cosmic harmony; it is its generative
code.

Thus, the DLSFH stands not only as a falsifiable model, but as a manifesto of symbolic
synthesis. It affirms that scientific reason is not bound to the empirical alone, but finds its
power in the construction of intelligible worlds—worlds where theory is an act of creation,
not mere reflection.
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Summary of Appendices

Appendix Title Function and Scope Key Elements

A Mathematical Formal derivation of the Equations of
Framework of the theory's structure through motion, symmetry
DLSFH Lagrangian densities and field terms, potential

couplings. U(®)

B Solutions, Numerical ~ Simulation of the field &(z) Graphs of field
Simulations, and under different potentials. evolution, residuals,
Observational Traces  Visualizes oscillatory q()

behavior and stability.

C Numerical Predictions Shows the observable Simulated Hubble

of the DLSFH consequences in curves,
cosmological parameters like  observational
H(z), including predicted deviations
residuals.

D Axiomatic Presents a minimal system of Axioms |-V,
Foundations of the symbolic and geometric symmetry A4s,
DLSFH axioms that generate the full  duality principle

theoretical structure.

E The Dodecahedral Models the internal symbolic  Graphs, symbolic
Phase Space of the evolution as a discrete states Sy, transitions
DLSFH topological space with 20

nodes.
Appendix Type Description

@ Technical (A-C)

Symbolic (D-E)

Formal, mathematical and computational structure of the model.

Epistemological foundations and symbolic-operational framework.

These color codes distinguish between interpretative-symbolic appendices and strictly technical

frameworks.

(Note: These visual distinctions apply only to internal navigation or color-coded PDF editions).
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Appendix A. Mathematical Framework of the DLSFH

This appendix formalizes the theoretical skeleton of the Dodecahedron Linear String Field
Hypothesis (DLSFH), elevating its vibrational-topological logic to a set of structured
mathematical expressions. The purpose is not merely to describe a symbolic cosmology, but
to render its internal architecture dynamically operable and susceptible to falsification.

A.1 The Vibrational Scalar Field @(z)

The cyclic scalar field (I)(T) is the principal vibrational agent of the DLSFH. Defined over an
internal cyclic parameter 7 € [O, 27T], it obeys a self-contained dynamical law modulated

by an intrinsic potential U(@). The corresponding action reads:

5¢=fd7 ;(‘f)z—v(@)

Two key potentials are explored in the DLSFH framework:

e Periodic Potential (Axion-type):

U@) =1 cos (7))

where A is a characteristic energy scale and f is a decay constant controlling

periodicity.

¢ Polynomial Potential:
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The Euler-Lagrange equation yields the vibrational dynamics:

d’® dU

PR S

In both cases, the field acts as a vibrational clock, with turning points defining phase

transitions in cosmic evolution.

A.2 Gravitational Sector with Higher-Order Corrections

To allow for bounces and avoid singularities, the gravitational Lagrangian incorporates

curvature corrections:
CE / d'zy/— [ R+ aR®+ BR,,R"

where:
e k2 =287G,

» @, [3 are coupling constants regulating higher-order effects.

This action is compatible with Palatini variation, meaning that the metric and connection
are treated independently, yielding second-order field equations even for non-linear gravity
terms.
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A.3 Dark Sector Fields and Couplings

The dark sector includes:
e A scalarfield ¢y,

e A dark photon field A, with field strength F:w.

Their dynamics are governed by:

Sa = f d'zy/—g [—%(de)(vwd) ~V(¢a) - }IF;va

With interaction terms:

St = [ d'zy/=g [~ f1(®) ¢} — f-(®) FL, F™]

Here, _f,;(‘I)) are coupling functions encoding vibrational control over sectoral energy

migration.

A.4 Topological Constraints and Dodecahedral Symmetry

The internal structure of the DLSFH is constrained by a finite discrete symmetry
corresponding to the rotational group of the dodecahedron, isomorphic to the alternating
group As. This imposes constraints on the allowed eigenmodes of ® and the periodicity

of coupling functions:

£:i(® + A®) = £i(®), with AP = ?

The topology imposes a discretized phase space that shapes transition probabilities and

stabilizes cyclic evolution.
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A.5 Sectoral Field Equations

The full system obeys coupled field equations derived from variation with respect to each

dynamical variable:

¢ Forthe metric g,,:
Gu +aHY + BHY = 2 (T;f’ + T;g))

* For the dark scalar ¢g:

e For the cyclic field ®:

where (J; are operators associated with the energy content of each sector (e.g., gbczi

Fl F'™),

A.6 Limiting Scenarios and Recovery of GR

In the limit ® — const, f;(®) — const, and ¢4 — 0, all vibrational couplings vanish
and the DLSFH reduces to a standard modified gravity model. If @« = 8 = 0, General

Relativity is recovered.

This ensures that the DLSFH is not an arbitrary construction, but a smooth extension of

known gravitational dynamics.
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A.7 Quantization and Outlook

Although this appendix is restricted to the classical formulation, the vibrational structure of
(I)(T) and its embedding in a dodecahedral topology suggest a quantizable mode
structure with discrete energy levels. Future work may define a Hilbert space Hg with

symmetry constraints from As, and explore quantum transitions as operators on symbalic

geometry.
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Appendix B. Solutions, Numerical Simulations, and
Observational Traces

This appendix presents specific dynamical realizations of the DLSFH through analytical and
numerical means. We focus on the behavior of the vibrational scalar field @(7), its influence
on cosmological parameters such as H(z) and g(z), and the generation of observable
modulations.

B.1 Analytic Behavior of @(z) under Periodic Potential

Consider the equation of motion:

2 1. (@

This is a classical nonlinear pendulum equation, with conserved energy:

3 (8) oo (3)

The solution is periodic for subcritical energy (E < 2A%), with natural frequency:

A2

weff % —  (small-angle approx.)

In this regime, <I>(T) acts as a cosmic modulator whose period determines the scale of

expansion-contraction cycles.

B.2 Numerical Integration of Oscillatory Modes

Using Python's scipy.integrate.solve_ivp , we simulate the evolution of <I>(T) with the

i)l

potential:

U(®) =A* [1 — cos (

|
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Initial Condition

« ®(0)=0.1

. B(0)=0

o Parameterss A =1 f =1

The numerical solution reveals oscillatory behavior with quasi-sinusoidal regularity.

Plotting ®(7) and ‘I’(T) confirms bounded, phase-locked dynamics.

B.3 Alternative Potential: U(®)=A®4

We repeat the analysis with:
U(®) = Ad*

This yields anharmonic oscillations, with sharper transitions and broader phase intervals,

suggesting different cosmological imprints.

Fig. B1: Evolution of ©(1) for Two Potentials
o100}

0.075
0.050
0.025
0.000
—-0.025

U®) =AY 1 - cos{®/f]
——- @) =An?

{T)

-=0.050
—0.075}

=0.100

0.0 2.5 5.0 15 10.0 12-.5 15.0 17.5 20.0

Evolution of the vibrational field ®(7) under two different potentials. Solid line:
U(®) = A'[1 — cos(®/f)]. Dashed line: U(®) = A®™. The periodic potential
yields harmenic oscillations, while the polynomial case produces sharper, anharmonic
behavior.

This difference may manifest observationally in the frequency and amplitude
modaulations in expansion rate.
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B.4 Induced Effects on H(z) and ¢(z)

Assuming that ®(7) modulates the effective energy density pest(z), we define:
H(2)? = Hf [Qn(1 4 2)® + Qa(2)]

Where Qg(2) ~ A cos (wz + &) models vibrational modulation.

From this, the deceleration parameter becomes:

q(z) = =1 — — ~ qacpu + € cos(wz)

H

This predicts harmonic deviations around the ACDM baseline, potentially observable
with next-generation surveys.

B.5 Fourier Analysis of Residuals

Simulated distance modulus residuals 4u(z) (with respect to ACDM) under DLSFH vibrational
correction exhibit dominant Fourier modes at frequencies tied to v @ .

Fig. B2: Fourier Spectrum of Synthetic Residuals

i

L8]

AIMpHIUae

0] 20 40 &0 30 100 120
Frequency [arh. units]

Fourier decomposition of synthetic distance modulus residuals simulating the
observational imprint of the DLSFH. Dominant frequencies correspond to interna
vibrational cycles of the scalar field <I>(T).
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This spectral signature provides a falsifiable criterion for detecting or ruling out the
vibrational hypothesis.

B.6 Observational Outlook

Key targets for empirical test:

(i) Pantheon+ SNe la dataset: detection of periodic residuals.
(i) BAO wiggle structure: phase shift consistent with @(z) oscillation scale.

(ili) CMB~-LSS correlation: imprint of dynamic sectoral coupling via fi(®).

B.7 Code Availability

The Python code used for simulations (field evolution, residual generation, Fourier
decomposition) can be made available upon request or uploaded to a public repository (e.g.,
GitHub, Zenodo) for transparency and reproducibility.
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Appendix C. Numerical Predictions of the DLSFH

This appendix presents a quantitative realization of the cosmological consequences
predicted by the Dodecahedron Linear String Field Hypothesis (DLSFH), focusing on the
behavior of the Hubble parameter H(z) and its residual deviation from ACDM. The
simulation explores the scenario where the vibrational scalar field @(z) modulates the
effective dark energy component through a periodic contribution to the total energy density
of the universe.

C.1 Vibrational Modulation of the Hubble Parameter

We consider the modified Friedmann equation of the form:
H(Z)2 = H(? [Qm(l + Z)B + \QA -+ GCOS(LUZ - 5)]

Here, the last term represents a harmonic modulation sourced by the vibrational behavior
of the cyclic scalar field @(z), with amplitude ¢, frequency w, and phase 6. This term
substitutes the typical dark sector density 2@, encoding vibrational activity as an observable
imprint.

For the simulation, we use the following parameters:
e Hy = 70 km/s/Mpc

e Q,=03Q, =07
e €=0.05w=126=05

C.2 Comparison Between Models

In Figure C1, we plot the standard ACDM curve for H(z) alongside the DLSFH model including
vibrational modulation. While the global trend remains similar, small-scale undulations
appear in the DLSFH curve, reflecting the periodic influence of the internal cyclic field on
cosmological expansion.
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Fig. C1: Hubble Parameter H(z) in ACDM vs DLSFH
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Fig. C1: Top: Hubble parameter H(z) for ACDM (dashed) versus DLSFH with vibrationally modulated Qa(z) (solid).
Bottom: relative residuals between the two models, showing periodic deviations around +2% across redshift range z€

[0,2.5].

C.3 Residual Structure and Observability

Fig. C2 shows the relative residuals between the DLSFH and ACDM models. The deviations
oscillate around zero, reaching amplitudes of up to #2%. These residuals are candidate

observabl
analysis o

Residual [%]

es for next-generation datasets, particularly in supernovae distance modulus
r BAO features.

Fig. C2: Relative Residuals in H{z) Between Models

. | I I i .
0.0 0.5 1.0 1.5 2.0 2.5
Redshift 2

Fig. 2: Percentage residuals between the DLSFH and ACDM models of H(z), revealing an oscillatory structure consistent
with the internal vibrational field.

Such modulations may be probed through Fourier or wavelet analyses of high-precision

cosmological data.
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C.4 Future Directions

Further refinements could include:

e Incorporating dynamical Q¢(z) from full solutions of &(7),
e Coupling to matter and radiation sectors via symbolic functions f;(®),
e Comparing synthetic data with Pantheon+, DESI, or CMB-S4 datasets.

The preliminary results shown here confirm that the DLSFH predicts small, periodic

deviations from standard cosmology—a falsifiable and quantifiable signal that invites
empirical investigation.
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Apéndice D — Axiomatic Foundations of the DLSFH

This appendix formulates the Dodecahedron Linear String Field Hypothesis (DLSFH) as a
minimal axiomatic system, suitable for both formal derivation and philosophical reflection.
It does not seek to exhaust the model’s interpretative scope, but to identify the foundational
principles that generate its structure.

D.1 Domain and Notation

Let:

¢ M be a differentiable 4-dimensional manifold (spacetime),

* gy the spacetime metric (not fixed a priori),

. <I)(T) the cyclic vibrational field, with 7 & [0, 271'] a compact internal parameter,
e ¢y a dark sector scalar field,

A}, adark photon field with field strength F),,,
o fi(®, ¢4) symbolic interaction functions,

o (G ~ Aj the dodecahedral symmetry group,

¢ T the set of cosmological transition points (bounces, reversals, inflections).

D.2 Axioms of the DLSFH

Axiom | — Vibrational Ontology: There exists a scalar field @(z), defined over a compact
cyclic parameter 7, whose internal dynamics govern large-scale cosmic evolution. Its
equation of motion is of the form:

£ dU

e+ =0 U®) e {A1 - cos(B/f)], AB,...}
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Axiom Il — Symbolic Coupling: All energy transfer between sectors occurs through symbolic
coupling functions fi(®,44) that are constrained by the discrete symmetry G=A4;. These
functions mediate interactions without direct metric dependence.

Axiom Il — Geometry is Emergent: The spacetime geometry g, is not fixed, but
dynamically emerges from the total action:

S = Sg [g] + Ss [@] = Sd_[gbd, AL] + Sint [f'.i((I)a de)]

with higher-order curvature terms present in S.

Axiom IV — Topological Quantization of Transitions: The set of T cosmological phase
transitions is finite and discretely distributed, such that:

T = {r, | () € Extrema(U), n € Zs}

reflecting the dodecahedral constraint on vibrational modes.

Axiom V — Duality of Form and Field: The geometric form (topology, symmetry, vibration)
and physical field content (energy, curvature) are dual encodings of the same underlying
symbolic order. Therefore:

Geometry «+— Energy via &(71)

These axioms are not arbitrary: they align with deeper algebraic constraints associated
with root systems and contextuality, as explored by Vlasov (2022b), where complexified
symmetries structure entangled information spaces. The DLSFH imports this logic as a
foundational constraint on symbolic transition dynamics.

D.3 Consequences and Theoretical Roles

From these axioms follow:

e The cyclic evolution of the universe,

e The modulation of observables (H(z), q(z) via internal field dynamics,

e A natural mechanism for bounces without singularities,

e A framework compatible with background-independent quantum gravity,
e A symbolic architecture where theoretical form becomes generative.
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D.4 Notes on Completeness and Extensions

This axiomatic system is open-ended. It admits further extension toward:
e Quantization of @(7) and its harmonic spectrum,
e Formal embedding in algebraic topology or categorical structures,

e Logical expansion into higher-order symbolic computation.

Thus, the DLSFH is not merely a physical model, but an epistemic structure: a geometry
that generates a cosmos.
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Nuevo Apéndice E — The Dodecahedral Phase Space of the DLSFH

E.1 Motivation and Framework

While conventional phase space in physics is a continuous manifold with dimensions
determined by generalized coordinates and their momenta, the DLSFH proposes an
alternative symbolic phase space—one structured by discrete topological states arising
from the internal dynamics of the cyclic field @(7).

The symbolic periodicity, coupled with the discrete symmetry group As, suggests that the
internal vibrational configurations of the DLSFH do not evolve over a continuous spectrum
of indistinguishable states, but instead oscillate among a finite set of energetically and
topologically distinct attractors, organized according to dodecahedral logic.

E.2 Construction of the Dodecahedral Phase Space

Let the state of the system at any given vibrational epoch be denoted Sn, where n €
{1,2,...,20} corresponds to a vertex of a regular dodecahedron.

Each vertex Sn encodes:

e Adiscrete value (or small neighborhood) of the field @(7,),
e An associated coupling configuration fi(®n,¢a),
e A symbolic phase signature (e.g., expansion, stability, contraction),

e Alocal energy potential minimum or transition point.
The transitions between these states are constrained by:

e Adjacency on the dodecahedron (each vertex connects to 3 others),
¢ Group symmetries of As, enforcing rotational invariance and recurrence,

o Topology-induced restrictions, such as forbidden transitions across opposite poles
in a single phase shift.

We define the symbolic phase space as the graph Gp = (V, E), where:
eV is the set of allowed states S,
o I is the set of allowed transitions between adjacent states.
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E.3 Transition Dynamics

The cyclic field (I’(T), governed by a potential U(@), determines a sequence {SH} traced
dynamically on Gp.

The following types of motion can be defined:

e Local oscillations: confined within adjacent vertices (microphase transitions),

o Face-loop cycles: periodic paths across the five vertices of a pentagonal face (macro-
cycles),

e Symmetry-breaking flips: transitions across opposite faces, triggering phase
reversal (bounce or contraction onset).

These transitions correspond to non-perturbative reconfigurations in the field structure,

marking observable features like the onset of acceleration or cosmic reversal.

E.4 Symbolic Implications

This construction gives the DLSFH an intrinsic topological memory: evolution is not just

dynamic but positioned in a space of symbolic states with constrained accessibility.
As such:

e The model acquires computational finiteness—each transition is discrete and
meaningful.

e Observational features (like peaks in g(z) or frequency shifts) may be interpreted as
projections of transitions between symbolic vertices.

e The theory embodies not just a geometry of space, but a geometry of evolution.
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Symbolic Dodecahedral Phase Space of the DLSFH

Fig. 3: E1. Symbolic dodecahedral phase space of the DLSFH. Each node SnS_nSn represents a discrete vibrational state of the cyclic field
@(z), organized by dodecahedral symmetry. Edges denote allowed transitions according to the symbolic dynamics.

Color scheme:

e Blue: Face-loop transition — local oscillations within a single pentagonal face.

e Green: Macro-cycle — extended path across opposite sectors, associated with
higher-order vibrational regimes.

e Red: Bounce-flip — symbolic transition of maximal energetic discontinuity,
corresponding to a cosmological reversal or phase boundary.
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Symbolic function of this space:

e Encodes possible evolutionary routes of the universe across internal vibrational

states,

. “Serves as a topologically constrained discrete dynamical space Gp.,”

e Enables analysis of preferred paths, forbidden transitions, and phase-stable

configurations in the theoretical landscape of the DLSFH.

|State Sn” Symbolic Role || Interpretation |
|S 1 ”Onset of first expansion phase”lnitial low-energy activation of @(7) |
|Sz ”Face—loop transition 1 ||Early micro-oscillation within stable regime |
|S3 “Face—loop transition 2 ||Local stabilization; symmetry-preserving |
|S4 ||Expansi0n crest ||Field reaches symbolic high amplitude |
|Ss ”Onset of contraction ||Downshift in vibrational potential |
|Se ”Edge—of—phase node ||Intermediate coupling shift; fi begins to dominate |
|S7 “Macro—cycle entry ||System enters extended cycle phase |
|Ss “Macro—cycle transit ||Crossing energetic mid-point |
|Sg ||Macr0—cycle peak ||Emergent topological tension |
|S 10 HMacro—cycle descent ||S10w contraction or energy dissipation |
|S 11 ”Macro—cycle closure ||Closure of extended loop |
|S 12 “Local equilibrium state ||Short-lived balance of vibrational and coupling terms |
|S 13 ||T0pologica1 saddle ||High instability point; sensitive to perturbations |
|S 14 HResonant coupling state ||Strong interaction between @ and ¢4 |
|S 15 HBounce candidate node ||Candidate for reversal or re-expansion |
|S 16 ”Bounce-ﬂip partner ||Mirror state to S1s; activates cosmological inversion |
|S 17 “Post-bounce transition ||Re-initiation of cycle with modified phase |
|S 18 ||T0pologica1 attractor ||State frequently returned to under harmonic regimes |
|S 19 HBoundary instability ||Entry point into non-dodecahedral regime (e.g., chaotic dynamics)|
|Szo HEpistemic anchor ||Conceptua1 boundary state; symbol of total cycle closure |

Table E1. Symbolic Interpretation of Discrete Phase States SnS_nSn in the Dodecahedral Space

57



Preprint

Functional Mapping of Phase States in the DLSFH

Fig. E2. Functional mapping of symbolic phase states S, in the DLSFH dodecahedral space. Node colors represent the role
of each vibrational state:

e Light blue: expansion states;

e Light green: macro-cycle phases;

e Khaki: equilibrium and resonance points;

¢ Salmon: bounce and reversion states;

e Plum: instability and epistemic boundaries.

Edges denote allowed transitions: blue for local loops, green for macro-cycles, red for

bounce-flips. This symbolic structure constrains the topology of cosmic evolution within the
DLSFH framework.
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The use of dodecahedral geometry to encode discrete quantum information has been
formally explored in the context of entangled configurations (Vlasov, 2022), strengthening
the proposal that each symbolic node S, may correspond to a functionally meaningful
guantum-geometric configuration.
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