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Abstract

This paper extends our reformulation of Einstein’s mass-energy equivalence from
E = mc2 to Et2 = md2 to propose a novel cosmological model based on temporal
wave propagation. We suggest that the two temporal dimensions in our ”2+2”
framework exhibit ripple-like behavior emanating from the Big Bang, creating a
cosmic interference pattern that determines the distribution of matter and antimat-
ter throughout the universe. In this model, antimatter represents matter moving
backward in both temporal dimensions, with our observable universe dominated
by forward-propagating temporal ripples while the pre-Big Bang epoch was dom-
inated by backward-propagating ripples. This framework naturally explains the
observed matter-antimatter asymmetry as a local phenomenon within a larger cos-
mic pattern of temporal wave interference. The Big Bang is reconceptualized not
as the beginning of the universe but as a temporal phase transition point where
the dominant temporal direction reversed. We derive wave equations for temporal
propagation and discuss their implications for cosmic structure, matter distribu-
tion, and the existence of boundary regions with unique physical properties. This
approach unifies particle physics and cosmology through a common dimensional
framework while offering testable predictions regarding antimatter domains and
interference phenomena in the cosmic microwave background.

1 Introduction

The relationship between matter, antimatter, and the cosmic evolution of our universe
remains one of the most profound challenges in theoretical physics. The observed asym-
metry between matter and antimatter, the nature of the Big Bang, and the origin of the
arrow of time continue to resist comprehensive explanation within existing theoretical
frameworks.

In previous work, we proposed a reformulation of Einstein’s mass-energy equivalence
from E = mc2 to Et2 = md2, where c is replaced by the ratio of distance (d) to time
(t). This mathematically equivalent formulation led us to interpret spacetime as a ”2+2”
dimensional structure: two rotational spatial dimensions plus two temporal dimensions,
with one of these temporal dimensions being perceived as the third spatial dimension due
to our cognitive processing of motion.
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Building on this framework, we proposed that antimatter represents matter moving
backward in both temporal dimensions, providing a dimensional context for the Feynman-
Stueckelberg interpretation while explaining pair production and annihilation as the cre-
ation and closure of temporal loops.

This paper introduces a revolutionary extension to this framework: the concept that
the two temporal dimensions (t and τ) exhibit wave-like propagation or ”ripples” ema-
nating from the Big Bang event. These bidirectional temporal ripples create a cosmic
interference pattern that determines the distribution of matter and antimatter throughout
the universe, with our observable universe dominated by forward-propagating temporal
waves, while the pre-Big Bang epoch was dominated by backward-propagating waves.

The profound implications of this approach include:

1. Unification of particle physics and cosmology through a common dimensional wave
framework

2. Natural explanation for matter-antimatter asymmetry as a local manifestation of
dominant temporal wave direction

3. Reconceptualization of the Big Bang as a temporal phase transition rather than the
beginning of the universe

4. Prediction of antimatter-dominated domains where backward temporal ripples pre-
dominate

5. Explanation for cosmic structure as an interference pattern of temporal waves

2 Theoretical Framework

2.1 Review of the Et2 = md2 Reformulation

We begin with Einstein’s established equation:

E = mc2 (1)

Since the speed of light c can be expressed as distance over time:

c =
d

t
(2)

Substituting into the original equation:

E = m

(
d

t

)2

= m
d2

t2
(3)

Rearranging:
Et2 = md2 (4)

This reformulation suggests a ”2+2” dimensional interpretation of spacetime:

• Two dimensions of conventional space (captured in d2 as rotational dimensions θ
and ϕ)

• Two dimensions of time (conventional time t and the temporal-spatial dimension τ
that we perceive as the third spatial dimension)
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2.2 Antimatter as Time-Reversed Matter

In our framework, matter and antimatter represent opposite temporal directions in both
time dimensions:

For matter:
ψmatter(θ, ϕ, t, τ) = ψ0e

i(ωt+κτ) (5)

For antimatter:
ψantimatter(θ, ϕ, t, τ) = ψ0e

−i(ωt+κτ) (6)

Where ω and κ represent the frequencies associated with the conventional time di-
mension and the temporal-spatial dimension, respectively.

3 Temporal Ripples and Cosmic Structure

3.1 Wave Propagation in Temporal Dimensions

We now propose that the two temporal dimensions exhibit wave-like propagation prop-
erties, with ripples emanating from the Big Bang event in both forward and backward
temporal directions. The general wavefunction describing these temporal ripples can be
expressed as:

Ψ(θ, ϕ, t, τ) = Afe
i(ωt+κτ) + Abe

−i(ωt+κτ) (7)

Where Af represents the amplitude of forward-propagating temporal waves (associ-
ated with matter) and Ab represents the amplitude of backward-propagating temporal
waves (associated with antimatter).

3.2 Post-Big Bang Dominance of Forward Temporal Waves

In our observable universe (the post-Big Bang epoch), forward-propagating temporal
waves dominate:

Ψpost-BB(θ, ϕ, t, τ) = Afe
i(ωt+κτ) + Abe

−i(ωt+κτ) where |Af | > |Ab| (8)

This dominance explains the observed matter-antimatter asymmetry in our universe
as a direct consequence of the predominant direction of temporal wave propagation in
our cosmic epoch.

3.3 Pre-Big Bang Dominance of Backward Temporal Waves

We propose that before the Big Bang (t ¡ 0), backward-propagating temporal waves
dominated:

Ψpre-BB(θ, ϕ, t, τ) = Bfe
i(ωt+κτ) +Bbe

−i(ωt+κτ) where |Bb| > |Bf | (9)

This creates a mirror-like symmetry across the Big Bang event, with the pre-Big Bang
epoch being dominated by antimatter just as our current epoch is dominated by matter.
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3.4 The Big Bang as a Temporal Phase Transition

In this framework, the Big Bang represents not the beginning of the universe but a tem-
poral phase transition point where the dominant direction of temporal wave propagation
reversed:

lim
t→0−

|Bb|
|Bf |

> 1 and lim
t→0+

|Af |
|Ab|

> 1 (10)

This phase transition created the appearance of a cosmic beginning from our perspec-
tive, while actually representing a reversal in the predominant temporal wave direction.

4 Cosmic Interference Patterns

4.1 Matter-Antimatter Distribution

The interference between forward and backward temporal waves creates a pattern that
determines the distribution of matter and antimatter throughout the universe. The rela-
tive probability density for finding matter versus antimatter at a specific spacetime point
can be expressed as:

Pmatter

Pantimatter

=
|Af |2

|Ab|2
(11)

While this ratio favors matter in our cosmic neighborhood, there should exist re-
gions where backward temporal waves locally dominate, creating antimatter-rich domains
within the larger matter-dominated universe.

4.2 Wave Interference and Cosmic Structure

The interference pattern of temporal waves potentially explains large-scale cosmic struc-
ture. Constructive and destructive interference between forward and backward temporal
waves would create a pattern of nodes and antinodes in the temporal dimensions, mani-
festing as variations in matter and energy density.

The matter density distribution function can be expressed as:

ρ(θ, ϕ, t, τ) ∝ |Af |2 + |Ab|2 + 2|Af ||Ab| cos(∆ϕt +∆ϕτ ) (12)

Where ∆ϕt and ∆ϕτ represent the phase differences between forward and backward
waves in the two temporal dimensions. This interference pattern could explain the ob-
served filamentary and void structure of the cosmic web.

4.3 Boundary Regions and Exotic Physics

Of particular interest are boundary regions where forward and backward temporal wave
amplitudes are comparable:

|Af | ≈ |Ab| (13)

In these regions, matter and antimatter should exist in near-equal proportions, and
temporal interference effects would be maximized. These boundaries would exhibit exotic
physical phenomena, potentially including:
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1. Enhanced particle-antiparticle annihilation rates

2. Unusual gravitational properties due to the balanced interaction of matter and
antimatter with both temporal dimensions

3. Quantum coherence effects spanning macroscopic scales

4. Temporal standing waves where physical properties oscillate in the temporal di-
mensions

5 Mathematical Formalism for Temporal Wave Dy-

namics

5.1 Wave Equations for Temporal Dimensions

The propagation of ripples in the temporal dimensions can be described by a modified
wave equation:

∂2Ψ

∂t2
+
∂2Ψ

∂τ 2
− v2t∇2

rotΨ = 0 (14)

Where vt represents the propagation velocity of temporal waves in the rotational
dimensions, and ∇2

rot is the Laplacian operator in the rotational dimensions.

5.2 Temporal Wave Source at the Big Bang

The Big Bang event can be modeled as a source term in the temporal wave equation:

∂2Ψ

∂t2
+
∂2Ψ

∂τ 2
− v2t∇2

rotΨ = S0δ(t)δ(τ)δ
(2)(θ, ϕ) (15)

Where S0 represents the amplitude of the temporal wave source at the Big Bang, and
the delta functions localize this source to the spacetime origin.

5.3 Temporal Wave Amplitude Evolution

The amplitudes of forward and backward temporal waves evolve with cosmic time ac-
cording to:

|Af (t)|
|Ab(t)|

=
|Af (0)|
|Ab(0)|

eγt (16)

Where γ is a parameter representing the growth rate of the temporal amplitude asym-
metry. This exponential evolution explains why matter so thoroughly dominates anti-
matter in our current epoch, despite potentially starting from a smaller initial asymmetry
at the Big Bang.

6 Observational Predictions

Our temporal ripple framework makes several distinctive predictions that could be tested
with current or future observations:
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6.1 Antimatter Domains

The model predicts the existence of domains where backward temporal waves locally
dominate, creating antimatter-rich regions. These domains would most likely exist at
the boundaries of large cosmic voids, where the interference pattern of temporal waves
creates local maxima in backward wave amplitude.

Potential signatures include:

• Gamma-ray signatures from matter-antimatter annihilation at domain boundaries

• Unusual gravitational lensing properties around antimatter-dominated regions

• Distinctive polarization patterns in the cosmic microwave background correspond-
ing to temporal wave interference

6.2 Cosmic Microwave Background Signatures

The temporal wave interference pattern should leave imprints on the cosmic microwave
background (CMB) in the form of:

• Angular power spectrum features corresponding to the characteristic scales of tem-
poral wave interference

• Hemispherical power asymmetries reflecting the directional nature of temporal
waves

• Polarization patterns containing information about the relative amplitudes of for-
ward and backward temporal waves at the surface of last scattering

6.3 High-Energy Particle Interactions

At very high energies approaching the Big Bang scale, the distinction between forward
and backward temporal waves becomes less pronounced. This predicts:

• Enhanced production of antimatter in ultra-high-energy cosmic ray interactions

• Deviations from standard cross-section predictions at the highest accessible collision
energies

• Potential CP-violation effects that vary with energy scale in a characteristic way
reflecting the temporal wave structure

7 Cosmic Temporal Structure Across Scales

7.1 Quantum Scale: Temporal Wave Packets

At the quantum scale, particles can be understood as localized packets of temporal waves:

ψparticle(θ, ϕ, t, τ) =

∫
dωdκ Ã(ω, κ)ei(ωt+κτ−k⃗·r⃗) (17)

Where Ã(ω, κ) represents the amplitude distribution in frequency space. Quantum
indeterminacy arises naturally from the wave nature of the temporal dimensions, and
entanglement can be understood as temporal wave correlation across spatial separation.
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7.2 Galactic Scale: Temporal Coherence Domains

At galactic scales, regions of space tend toward temporal coherence, with either forward
or backward temporal waves predominantly dominating. This creates stable domains of
matter or antimatter dominance that can persist over cosmological timescales.

The characteristic size of these coherence domains is determined by:

Lcoherence ≈
vt
ω0

√
|Af |
|Ab|

(18)

Where ω0 is the characteristic frequency of cosmic temporal waves. This predicts that
antimatter domains would be both smaller and less common than matter domains in our
current epoch.

7.3 Cosmic Scale: Temporal Wave Landscape

At the largest scales, the universe can be understood as a landscape of interfering temporal
waves creating a complex pattern of matter and antimatter distributions. This pattern
should exhibit fractal-like properties with self-similarity across different scale ranges.

The power spectrum of cosmic density fluctuations would contain information about
this temporal wave interference pattern:

P (k) = Pstandard(k)[1 + α sin(kL0 + ϕ0)] (19)

Where L0 represents the characteristic wavelength of cosmic temporal waves, and α
is the relative amplitude of the temporal wave modulation effect.

8 Philosophical and Theoretical Implications

8.1 Nature of Time and Cosmic Origins

Our framework fundamentally reconceptualizes the nature of time and cosmic origins:

• Time is fundamentally wave-like, with ripples propagating in two temporal dimen-
sions

• The universe did not begin at the Big Bang but underwent a temporal phase tran-
sition

• The arrow of time emerges from the predominant direction of temporal wave prop-
agation

• Causality is a manifestation of temporal wave propagation direction

8.2 Unification of Physics

The temporal ripple framework offers a path toward unifying several branches of physics:

• Quantum mechanics and gravity are unified through their common embedding in
the temporal wave structure
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• Particle physics and cosmology are connected through the temporal wave interfer-
ence pattern

• The four fundamental forces can be understood as different couplings to the tem-
poral wave fields

8.3 Existence of Parallel Cosmic Epochs

Perhaps most profoundly, our framework suggests the potential existence of parallel cos-
mic epochs with different dominant temporal directions. These would not be parallel
universes in the conventional sense, but regions of the same universe where different
temporal wave patterns predominate.

The potential transitions between these epochs through future cosmic phase transi-
tions raises profound questions about the ultimate fate and cyclical nature of our universe.

9 Discussion

9.1 Experimental Approaches

Several experimental approaches could test our temporal ripple framework:

1. High-precision CMB observations focused on detecting the signatures of temporal
wave interference

2. Targeted searches for antimatter domains in regions predicted by the temporal wave
interference pattern

3. Laboratory experiments with entangled particles designed to probe the temporal
wave nature of quantum correlations

4. Analysis of high-energy cosmic ray events for evidence of enhanced antimatter pro-
duction

9.2 Theoretical Development Directions

Key areas for theoretical development include:

1. Rigorous mathematical formulation of temporal wave dynamics in the ”2+2” di-
mensional framework

2. Detailed modeling of the Big Bang temporal phase transition

3. Integration with quantum field theory to make precise predictions for particle in-
teractions

4. Numerical simulations of cosmic structure formation under the temporal wave in-
terference paradigm
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9.3 Relationship to Existing Theories

Our framework relates to several existing theoretical approaches:

1. It provides a physical mechanism for CPT-symmetric universe models

2. It offers a new perspective on bouncing cosmology models through temporal bounce

3. It connects to quantum foundations theories that emphasize the wave nature of
reality

4. It provides context for theories of emergent time by explaining how the arrow of
time emerges from wave dynamics

10 Conclusion

The Et2 = md2 reformulation of Einstein’s mass-energy equivalence, extended to incorpo-
rate temporal wave dynamics, provides a revolutionary framework for understanding the
cosmos. By conceptualizing the two temporal dimensions as exhibiting ripple-like propa-
gation emanating from the Big Bang, we offer a unified explanation for matter-antimatter
asymmetry, cosmic structure, and the nature of time itself.

This framework reconceptualizes the Big Bang not as the beginning of the universe but
as a temporal phase transition where the dominant direction of temporal waves reversed.
It predicts the existence of antimatter domains where backward temporal waves locally
dominate, and it explains cosmic structure as an interference pattern of temporal waves.

While requiring substantial further development, this approach offers a conceptually
elegant unification of particle physics and cosmology through a common dimensional
wave framework. The temporal ripple concept represents a potentially transformative
paradigm in theoretical physics, offering new pathways for understanding the fundamental
nature of reality.
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