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Abstract

We propose a novel framework for understanding time and causality in a multiverse setting, utiliz-
ing Möbius strips to model cyclic time within individual universes and a 4-dimensional (4D) time
structure for the multiverse. This model introduces the concepts of a super Big Bang (SBB) and
super Big Crunch (SBC), which act as boundaries of the multiverse, while each universe follows its
unique cyclic trajectory. By addressing causality, time symmetry, singularities, and fine-tuning,
the framework provides a unified geometric and mathematical basis for multiversal dynamics.
Key predictions include observable cyclic imprints in the cosmic microwave background (CMB)
and periodic gravitational wave anomalies, offering testable avenues for empirical validation. Vi-
sualizations and equations illustrate the embedding of universes within higher-dimensional time,
ensuring stability through constrained variability in key parameters.

1 Introduction

1.1 Background

Modern cosmology grapples with fundamental challenges in understanding singularities, causality,
and the nature of time itself [4]. While multiverse theories such as eternal inflation and the
Many-Worlds Interpretation [2] provide intriguing frameworks, they lack a unified approach to
incorporate cyclic time, higher-dimensional structures, and the fine-tuning of physical constants.
Singularities at the Big Bang and Big Crunch persist as points of infinite density and undefined
physics, complicating efforts to reconcile the arrow of time with existing paradigms.

1.2 Objective

This paper introduces a Möbius strip framework for cyclic time, embedded within a global 4D
multiverse structure. Key objectives include:

1. Eliminating singularities by reinterpreting the Big Bang and Big Crunch as geometric tran-
sitions.

2. Reconciling causality and retrocausality within a cyclic framework.

3. Explaining the fine-tuning of physical constants through geometric and dynamic constraints.

4. Providing a unified approach to multiverse dynamics and time symmetry.
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2 Model Definition

2.1 Local Universe Representation

Each universe Ui is modeled as a Möbius strip, representing cyclic time as a non-orientable surface:

Ui(t1, t2) =


xi = Ri(1 + wi cos(t1/2)) cos(t1),

yi = Ri(1 + wi cos(t1/2)) sin(t1),

zi = wi sin(t1/2),

where:

• Ri: Radius of the Möbius strip, representing the size of the universe.

• wi = gi(t1, t2): Width function varying dynamically with time dimensions t1 and t2, repre-
senting expansion/contraction rates.

• t1: Local cyclic time dimension (t1 ∈ [0, 2π]).

• t2: Higher-dimensional multiversal time.

The Möbius strip geometry for an individual universe, as visualized in Figure 1, illustrates the
cyclic nature of time and its dynamic parameters such as radius (Ri) and width (wi).

Figure 1: Visualization of a single universe modeled as a Möbius strip, depicting its geometric and
temporal structure.
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2.2 Stability Constraints

To ensure stability:
Ri, wi ∈ [Rmin, Rmax] (1)

where:

• Rmin: Minimum radius required to sustain stable cyclic dynamics, preventing premature
collapse.

• Rmax: Maximum radius before fragmentation occurs, ensuring structural integrity of the
Möbius strip.

• wi: Dynamically varies within bounds dictated by Ri and the multiverse geometry.

The stability of cyclic dynamics is governed by the constraints in Equation 1.

2.3 Big Bang and Big Crunch

The Big Bang and Big Crunch represent transitions on opposite sides of the Möbius strip, elimi-
nating singularities:

Big Bang (BB) (t1 = 0) : (xi, yi, zi) = (Ri, 0, 0),

Big Crunch (BC) (t1 = π) : (xi, yi, zi) = (−Ri, 0, 0).

2.4 Multiverse Framework

The multiverse contains N universes, each represented by a Möbius strip, aligned in a global
structure defined by a super Big Bang (SBB) and super Big Crunch (SBC):

CBB(i) =


XBB(i) = Rcircle cos(θi),

YBB(i) = Rcircle sin(θi),

ZBB(i) = Zoffset(i),

where:

• Rcircle: Radius of the global(super) BB/BC circle.

• θi: Angular position of Universe i in the multiverse.

• Zoffset(i): Offset in the higher-dimensional time-space.

The multiverse structure, composed of multiple Möbius strips, is depicted in Figure 2. The front
(a) and back (b) views emphasize the arrangement of universes and their alignment within the
global multiversal geometry.
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(a) Front View (b) Back View

Figure 2: Front (a) and back (b) views of multiple universes represented as Möbius strips, embed-
ded within the multiversal framework.

The spatial-temporal embedding of multiple universes, as shown in Figure 3, highlights their
distinct Big Bang and Big Crunch events and their positioning in higher-dimensional time.
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Figure 3: Spatial-temporal embedding of multiple universes in a 3D time framework, illustrating
distinct Big Bang and Big Crunch events.

2.5 Four-Dimensional Time Structure

In this model, time is represented in four distinct dimensions, each with a specific role in shaping
the dynamics of individual universes and the multiverse as a whole. The four time dimensions are
as follows:

2.5.1 Local Cyclic Time (t1)

This is the primary time dimension for each individual universe, governing the cyclic nature of time
within the universe. The universe experiences periodic cycles, and t1 represents the progression
from the Big Bang to the Big Crunch and back to the Big Bang.

Local to Universe: This time dimension is entirely local to each individual universe, govern-
ing the time progression within that universe’s own cycle.

Role: t1 ∈ [0, 2π], where each cycle represents a full transition.

2.5.2 Higher-Dimensional Time (t2)

This dimension governs the global time structure of the multiverse, allowing all universes within
the multiverse to be aligned within the framework of a single time progression. This time dimension
governs the behavior of the multiverse as a whole.

Local to Universe: Although it is a higher-dimensional time, it is still considered local to
each universe, operating within the context of the universe’s higher-dimensional time framework.
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Role: It defines the overarching time structure of the multiverse, aligning universes within
this framework while remaining local to each individual universe.

2.5.3 Cyclic Multiversal Time (t3)

This dimension introduces a cyclical time structure at the multiversal level. Each cycle of universes
is influenced by the Super Big Bang (SBB) and Super Big Crunch (SBC), which act as the
boundaries of the multiverse. t3 determines the transitions of universes in and out of existence
across the multiverse.
Role: It influences the cyclic behavior of the multiverse and the interactions between universes
during each transition.
Figure 4 illustrates the cyclic evolution of time within universes, depicting transitions between Big
Bang and Big Crunch events in the multiversal framework.

Figure 4: Cyclic evolution of time within individual universes, showing transitions between Big
Bang and Big Crunch events in a multiversal trajectory.

2.5.4 Temporal Overlap Time (t4)

This is a higher-order dimension of time, encapsulating the behavior of time across multiple
universes and multiverses. It allows for synchronization and alignment of temporal cycles across
different universes.
Role: t4 helps to synchronize the transitions between the cycles of universes and accounts for how
universes may overlap or interact across cycles within the multiverse.
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3 Implications

3.1 Causality and Retrocausality

The Möbius strip geometry enforces self-consistent cyclic causality, described by the equation:

∀(t1, t2),∃(t′1, t′2) such that t′1 > t1 and t′1 mod 2π = t1

Explanation:
This equation represents cyclic causality, ensuring that the events in a given universe follow a

consistent and self-sustaining cycle. The local time of the universe, denoted by t1, evolves cyclically.
The equation t′1 > t1 and t′1 mod 2π = t1 ensures that the universe follows a continuous cycle,
returning to its original state after completing one full cycle (2π radians).

While t2 represents the global multiversal time, it does not directly influence the cyclic behavior
of a universe. Instead, it controls the positioning of the universe within the larger multiversal cycle.
In essence, t1 governs the internal cyclic dynamics of a universe, ensuring self-consistent causality,
while t2 defines the universe’s placement relative to others in the multiverse.

This relationship enables retrocausality, where events can have causal relationships that loop
back on themselves without creating paradoxes, thanks to the cyclic nature of time in this frame-
work.

3.2 Singularities

In this model, Big Bangs and Big Crunches are not treated as singular points with infinite density,
as in classical cosmology. Instead, they are interpreted as smooth geometric transitions in space-
time, eliminating the concept of infinite density.

Explanation:
In traditional models of cosmology, the Big Bang and Big Crunch are often associated with

singularities, where physical quantities like density and temperature become infinitely large. These
singularities are problematic because they represent undefined or infinite values that cannot be
described by the laws of physics.

However, in our 4D time model, the Big Bang and Big Crunch are viewed as geometric transi-
tions rather than singularities. This means that, instead of infinite density, the universe undergoes
a smooth transition in space-time, where the physical properties remain finite and well-defined.
The universe expands and contracts in a manner that avoids the singularities, ensuring that the
laws of physics remain consistent and applicable at all stages of the universe’s life cycle.

This reinterpretation resolves the issue of infinite density points and aligns with the idea of
cyclic time, where each universe’s transition through the Big Bang and Big Crunch is smooth and
finite, preventing the need for a singularity.

3.3 Fine-Tuning of Physical Constants

3.3.1 Geometric Constraints

The parameters Ri (the radius of the Möbius strip) and wi (the width function) are constrained
by the following bounds:

Ri, wi ∈ [Rmin, Rmax]
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Explanation:
The constraints on Ri and wi ensure that the universe’s space-time remains within a stable

range. The values of these parameters are limited to the interval [Rmin, Rmax], which prevents
extreme expansions or contractions of the universe’s Möbius strip. This limitation on variability
helps maintain stability within the universe and ensures that the physical constants remain within
the ranges necessary for life and complexity to emerge. By restricting the values of Ri and wi, the
model ensures the fine-tuning of these constants across the multiverse.

3.3.2 Dynamic Selection

Only universes with stable constants persist, ensuring fine-tuned values for complexity and life:
The stability of the universe’s expansion and contraction is governed by the following equation:

∂2wi

∂t21
+ α

∂wi

∂t1
+ βwi = 0 (2)

Where:

• wi: The width function representing the size of the universe’s Möbius strip.

• t1: The local cyclic time dimension, governing the expansion and contraction of the universe.

• α and β: Constants that control the damping and restoring forces acting on the universe’s
cyclic time.

As shown in Equation 2, the stability of fine-tuned universes is governed by second-order dynamics.
Why Only t1:
The equation only involves the time dimension t1 because it directly influences the local dy-

namics of the universe. t1 represents the cyclic time within each universe, which controls how the
universe expands and contracts. The other time dimensions (t2, t3, t4) are related to the multi-
versal structure and global time evolution, but they do not directly affect the internal evolution
of a universe. This is why the width function wi, which governs the space-time dynamics of the
universe, depends solely on t1.

3.3.3 Higher-Dimensional Influence

Trajectories constrain constants dynamically:

Ri = f(Rcircle, θi, Zoffset) (3)

Where:

• Ri: The radius of the universe’s Möbius strip, representing the size of the universe within
its local time-space structure.

• Rcircle: The radius of the global circle that defines the boundary of the multiverse, influencing
the overall expansion and contraction of all universes within the multiverse.

• θi: The angular position of universe i within the global multiverse structure, determining
the universe’s specific location along the multiversal cycle. It indicates how far the universe
is along the global boundary.
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• Zoffset: The offset of universe i along the higher-dimensional time-space (t2 and t3), indicating
how far the universe is shifted within the global multiversal cycle. This parameter governs
the phase difference of universes in their evolutionary cycle.

The dynamics of the universe’s radius are described by Equation 3.

3.4 Observational Predictions

3.4.1 Cyclic Imprints in CMB

Predicted anomalies in low-l multipoles [1]:

Cl = ⟨|alm|2⟩

where cyclic signatures may appear as periodic patterns in Cl.
These periodic patterns would reflect the cyclic nature of time within the multiverse, with imprints
from each universe’s Big Bang and Big Crunch events manifesting as anomalies in the CMB
power spectrum.
The 3D time model, visualized in Figure 5, demonstrates the dynamic interactions across temporal
dimensions, highlighting the non-alignment of Big Bang and Big Crunch points within individual
universes.

Figure 5: 3D representation of non-aligned Big Bang and Big Crunch points in cyclic time, high-
lighting dynamic interactions across temporal dimensions.
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3.4.2 Gravitational Wave Patterns

Multiversal interactions induce phase shifts:

hij(t) = A cos(ωt+ ϕcyclic),

where:

• ϕcyclic: Phase offsets tied to Möbius strip embeddings.

These phase shifts can be observed as periodic gravitational wave signals [5], reflecting the cyclic
nature of time in the multiverse. The frequency and amplitude of the waves are influenced by the
multiversal transitions and can be detected by next-generation gravitational wave detectors.

3.5 Quantum Implications of Cyclic Time

3.5.1 Superposition and Entanglement

The Möbius strip framework suggests that cyclic time enables the persistence of quantum entan-
glement across cycles, which potentially results in retrocausal correlations. For a pair of entangled
particles:

ΨA ⊗ΨB = Ψ(t1)⊗Ψ(T − t1),

where T is the cyclic period, and t1 represents local cyclic time.
Remark: This equation suggests that quantum entanglement can persist across cycles of

time in the multiverse. The entangled quantum states evolve cyclically, enabling retrocausal
connections, where the initial state of the system at one point in time influences its future, allowing
for non-local correlations across the multiverse.

3.5.2 Wavefunction Evolution

The wavefunction Ψ(t, x) evolves cyclically with periodic boundary conditions:

Ψ(t+ T, x) = Ψ(t, x).

This suggests a self-consistent quantum evolution across cycles.
Remark: This cyclic behavior implies that quantum states in the model return to their original

state after each cycle, maintaining consistency over time. The periodic nature of the wavefunction
evolution aligns with the cyclic time model, where all quantum states repeat at the end of each
cycle, reflecting the self-consistency of the multiversal structure.

3.5.3 Quantum Fields

Scalar fields propagating on a Möbius strip satisfy periodic boundary conditions:

ϕ(t+ T, x) = ϕ(t, x),

where T aligns with the cyclic period of time.
Quantized energy levels in the framework are given by:
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En =
n2ℏ2

2mR2
i

.

Remark: This condition ensures that scalar fields, such as the Higgs field, follow the same
periodic boundary conditions in the cyclic time model. The quantized energy levels are determined
by the radius of each universe’s Möbius strip (Ri), which can vary for different universes in the
multiverse. Thus, each universe may have distinct energy levels based on its size and structure,
contributing to the fine-tuning of physical constants in the multiverse.

4 Mathematical Framework

4.1 Möbius Strip Parametrization

The Möbius strip for Universe Ui is parametrized as:

Ui(t1, t2) =


xi = Ri

(
1 + wi cos

(
t1
2

))
cos(t1),

yi = Ri

(
1 + wi cos

(
t1
2

))
sin(t1),

zi = wi sin
(
t1
2

)
,

with constraints:

Ri, wi ∈ [Rmin, Rmax].

Multiverse Embedding

The embedding space is described as:

M =
N⋃
i=1

Ui ∪ (CBB ∪ CBC)

Where:

• M : The total space of the multiverse, consisting of all universes and their respective bound-
aries.

• Ui: The Möbius strips representing individual universes i, each with its own Big Bang and
Big Crunch events.

• CBB: The Super Big Bang (SBB), the global starting point of the multiverse.

• CBC : The Super Big Crunch (SBC), the global end point of the multiverse.

The equation shows that the multiverse space M consists of the union of all individual
universes (Ui) and the global boundary events (Super Big Bang and Super Big Crunch).
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5 Higher Dimensions

4D time is sufficient to resolve:

1. Causality: Unidirectional time flow emerges naturally, ensuring that the universe evolves
in a consistent and causal manner from the Super Big Bang to the Super Big Crunch.

2. Fine-Tuning: Constraints on the multiverse geometry dynamically align physical constants
such as c, G, and h, ensuring the fine-tuning required for life and complexity.

3. Cyclic Dynamics: Stability is maintained through smooth transitions between the Big
Bang and Big Crunch, avoiding the need for additional complexity such as singularities or
infinite expansions.

6 Comparisons with Existing Theories

• String Theory: Unlike string vibrations, this model links geometric constraints to the cyclic
dynamics of universes, offering a new perspective on how the multiverse operates through
the geometry of space-time.

• Eternal Inflation: Avoids the creation of infinite bubble universes by enforcing stability
through constraints on the multiversal structure, ensuring that each universe undergoes a
controlled cycle of evolution.

• Many-Worlds Interpretation: Offers a geometric framework for multiversal connections,
in contrast to the probabilistic branching of universes in MWI. The model emphasizes a
cyclic structure rather than quantum probabilistic splits.
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7 Conclusion

This framework integrates cyclic time, multiverse dynamics, and fine-tuning within a unified ge-
ometric structure. The constrained variability of Ri and wioffers a natural explanation for the
fine-tuning of physical constants. By eliminating singularities and enforcing time symmetry, this
model establishes a geometric foundation for observed physical laws and multiversal behavior.

Future work includes validating key predictions, such as cyclic imprints in the CMB and grav-
itational wave anomalies, through observational data. Additional research will explore integration
with quantum gravity frameworks and extend the mathematical foundation to incorporate Planck-
scale physics. Numerical simulations of cyclic time could further elucidate the behavior of universes
within this model, providing deeper insights into the multiverse’s dynamics.
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