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Abstract

This paper extends our reformulation of Einstein’s mass-energy equivalence from
E = mc2 to Et2 = md2 to explain the nature of antimatter. We demonstrate that
interpreting spacetime as a ”2+2” dimensional structure—with two rotational spa-
tial dimensions and two temporal dimensions, one of which manifests as the per-
ceived third spatial dimension—offers profound insights into antimatter’s behavior
and its relationship with ordinary matter. Within this framework, antimatter is
reconceptualized as matter with reversed temporal phase in both time dimensions,
providing a natural explanation for pair production, annihilation, and CPT symme-
try. Notably, baryon asymmetry can be understood as a consequence of an inherent
asymmetry between the two temporal dimensions that emerged in the early uni-
verse. We derive modified quantum field equations that incorporate both temporal
dimensions and predict several experimental signatures that could distinguish our
interpretation from the Standard Model, focusing particularly on antimatter in-
terferometry, gravitational behavior, and high-energy interactions. Our framework
potentially unifies matter and antimatter through a common dimensional struc-
ture, offering a more parsimonious explanation for their observed properties and
interactions.

1 Introduction

Antimatter, first predicted by Dirac’s relativistic quantum theory and subsequently dis-
covered experimentally, represents one of the most fascinating aspects of modern physics.
Despite our ability to create and study antimatter particles, fundamental questions re-
main about their nature, their apparent scarcity in the observable universe, and the
subtleties of their behavior.

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.

This paper extends this framework to antimatter phenomena. We propose that anti-
matter can be naturally understood as matter with reversed temporal phase in both time
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dimensions, explaining pair production, annihilation, CPT symmetry, and potentially the
baryon asymmetry problem. This reconceptualization potentially resolves long-standing
puzzles in particle physics while providing a more elegant explanation for the observed
properties of antimatter.

The profound implications of this approach include:

1. Natural explanation for matter-antimatter annihilation through temporal phase
cancellation

2. Resolution of CPT symmetry within a dimensional framework

3. Novel perspective on baryon asymmetry as a consequence of temporal dimension
asymmetry

4. Testable predictions for antimatter gravitational behavior

5. Unified dimensional framework for understanding both matter and antimatter

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 is mathematically equivalent to the original but frames the rela-
tionship differently. Rather than emphasizing c as a fundamental constant, it explicitly
relates energy and time to mass and distance, with both time and distance appearing as
squared terms.

2.2 The ”2+2” Dimensional Interpretation

The squared terms in equation (4) suggest a reinterpretation of spacetime dimensionality.
The d2 term represents the two rotational degrees of freedom in space, while t2 captures
conventional time and a second temporal dimension. We propose that what we perceive
as the third spatial dimension is actually a second temporal dimension that manifests as
spatial due to our cognitive processing of motion.

This creates a fundamentally different ”2+2” dimensional framework:

• Two dimensions of conventional space (captured in d2)

• Two dimensions of time (one explicit in t2 and one that we perceive as the third
spatial dimension, denoted by τ)
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3 Antimatter in the ”2+2” Framework

3.1 Antimatter as Temporal-Phase Reversal

In our framework, antimatter is fundamentally understood as matter with reversed tem-
poral phase. Mathematically, this can be expressed through the wavefunction:

For matter:
ψ(θ, ϕ, t, τ) = ψ0e

iωt+iκτ (5)

For antimatter:
ψ̄(θ, ϕ, t, τ) = ψ0e

−iωt−iκτ (6)

Where ω and κ represent the frequencies associated with the conventional time di-
mension and the temporal-spatial dimension, respectively. This temporal phase reversal
naturally explains the opposite charge and other quantum numbers observed in antimat-
ter particles, as these properties emerge from phase relationships in the rotational and
temporal dimensions.

3.2 Quantum Field Theory with Antimatter

In quantum field theory, the Dirac equation describes both particles and antiparticles. In
our framework, this equation is modified to explicitly incorporate both temporal dimen-
sions:

iℏ
(
γ0
∂

∂t
+ γτ

∂

∂τ
+ γθ

∂

∂θ
+ γϕ

∂

∂ϕ

)
ψ −mc2ψ = 0 (7)

Where γτ is a new gamma matrix associated with the temporal-spatial dimension.
This formulation naturally accommodates both matter and antimatter solutions as tem-
poral phase conjugates.

The modified field operators for fermions can be expressed as:

ψ̂(θ, ϕ, t, τ) =
∑
s

∫
d3p

[
âp⃗,sus(p⃗)e

−i(Et−p⃗·x⃗) + b̂†p⃗,svs(p⃗)e
i(Et−p⃗·x⃗)

]
(8)

Where â and b̂† are the annihilation and creation operators for particles and antipar-
ticles, respectively. The critical insight is that antiparticles represent excitations with
opposite temporal phase in both time dimensions.

4 Pair Production and Annihilation

4.1 Dimensional Understanding of Pair Production

In our framework, pair production—the creation of a particle-antiparticle pair from en-
ergy—is conceptualized as the manifestation of energy into two mass entities with oppo-
site temporal phases:

E(t2 + τ 2) → m1d
2 +m2d

2 (9)

Where m1 represents a particle and m2 its antiparticle with reversed temporal phase.
This process conserves both energy and temporal phase across the total system.
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4.2 Annihilation as Temporal Phase Cancellation

When a particle encounters its antiparticle, their opposite temporal phases cancel, releas-
ing the stored energy:

m1d
2 +m2d

2 → E(t2 + τ 2) (10)

This perspective explains why annihilation results in pure energy rather than other
particles—the temporal phase cancellation releases the energy bound in mass form by
the dimensional relationship expressed in Et2 = md2.

4.3 Mathematical Description of Annihilation

The annihilation process can be described more formally through the interaction Hamil-
tonian in our modified quantum field theory:

Hint = g

∫
d2θdϕdtdτ ψ̄(θ, ϕ, t, τ)γµψ(θ, ϕ, t, τ)Aµ(θ, ϕ, t, τ) (11)

Where g is the coupling constant and Aµ represents the electromagnetic field. When
applied to a particle-antiparticle pair, this interaction leads to their annihilation through
temporal phase cancellation.

5 CPT Symmetry and Baryon Asymmetry

5.1 CPT Symmetry in the ”2+2” Framework

The CPT theorem, which states that any Lorentz-invariant local quantum field theory
must be invariant under the combined operation of charge conjugation (C), parity inver-
sion (P), and time reversal (T), finds a natural interpretation in our framework:

• Charge conjugation (C) corresponds to reversal of phase in the rotational dimen-
sions

• Parity inversion (P) relates to inversion in the rotational dimensions

• Time reversal (T) involves reversal in both temporal dimensions (t and τ)

The combined CPT operation corresponds to a complete phase conjugation in all four
dimensions, preserving the fundamental structure of the Et2 = md2 relation.

5.2 Baryon Asymmetry from Temporal Dimension Asymmetry

The observed predominance of matter over antimatter in the universe—the baryon asym-
metry problem—finds a potential explanation in our framework through an inherent
asymmetry between the two temporal dimensions.

In the early universe, as the ”2+2” dimensional structure emerged from the initial
high-energy state, the two temporal dimensions (t and τ) developed an asymmetry. This
asymmetry created a preference for one temporal phase orientation over the other, leading
to a predominance of matter over antimatter.
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Mathematically, this can be expressed through a symmetry-breaking term in the ef-
fective action:

Seffective =

∫
d2θdϕdtdτ L0 + ϵ

∫
d2θdϕdtdτ (t− ατ)O(θ, ϕ, t, τ) (12)

Where ϵ is a small parameter, α is a coefficient representing the degree of asym-
metry between the two temporal dimensions, and O is an operator that couples to the
asymmetry. During cosmic evolution, this term would generate an excess of matter over
antimatter proportional to the temporal dimension asymmetry.

6 Gravitational Behavior of Antimatter

6.1 Theoretical Predictions

A key prediction of our framework concerns the gravitational interaction between matter
and antimatter. Since gravity uniquely spans all four dimensions in our ”2+2” framework,
including both temporal dimensions, the gravitational behavior of antimatter can be
precisely formulated.

The modified Einstein field equations for a mixed system of matter and antimatter
can be expressed as:

Gµν =
8πGt4

d4
(Tmatter

µν + T antimatter
µν ) (13)

Where Tmatter
µν and T antimatter

µν are the energy-momentum tensors for matter and an-
timatter respectively. Crucially, our framework predicts that antimatter gravitationally
attracts both matter and other antimatter, with the same strength as matter-matter
gravitational attraction. This is because gravity couples to the energy-momentum ten-
sor, which depends on the magnitude rather than the sign of the temporal phase.

6.2 Experimental Implications

This prediction aligns with the mainstream expectation that antimatter should fall down-
ward in Earth’s gravitational field, but provides a dimensional explanation from first
principles. Several ongoing and planned experiments, such as ALPHA-g and GBAR at
CERN, aim to measure the gravitational behavior of antihydrogen and could provide
direct tests of this prediction.

If, contrary to our prediction, antimatter were found to experience antigravity (grav-
itational repulsion from matter), this would significantly challenge our framework and
require substantial revision of the relationship between the temporal dimensions and
gravitational interaction.

7 Experimental Predictions

Our framework makes several distinctive predictions regarding antimatter that could
distinguish it from the Standard Model interpretation:
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7.1 Antimatter Interference Patterns

The conceptualization of antimatter as having reversed temporal phase suggests that
interference experiments with antimatter particles should reveal subtle phase-dependent
effects beyond those predicted by conventional quantum mechanics.

For example, in a double-slit experiment with positrons, our framework predicts a
modified interference pattern when the path difference is manipulated to probe the rela-
tionship between the two temporal dimensions:

I(r⃗) = I0(r⃗)

[
1 + cos

(
∆ϕ+ β

∆τ

∆t

)]
(14)

Where ∆ϕ is the standard phase difference, and the second term represents a cor-
rection due to the dual temporal structure, with β being a small parameter and ∆τ

∆t

representing the ratio of path differences in the two temporal dimensions.

7.2 CP Violation Patterns

Our framework predicts specific patterns of CP violation in antimatter systems that differ
from Standard Model expectations. These would arise from the interplay between the
rotational and temporal dimensions.

For B-meson decays, the CP asymmetry would include a term reflecting the temporal
dimension asymmetry:

ACP = ASM
CP + γ

t2 − τ 2

t2 + τ 2
(15)

Where ASM
CP is the Standard Model prediction and the second term represents the

contribution from temporal dimension asymmetry, with γ being a coupling parameter.

7.3 High-Energy Behavior

At very high energies, approaching the scale where the distinction between dimensions
becomes less pronounced, antimatter should exhibit behavior that deviates from Standard
Model predictions:

σ(E) = σSM(E)

[
1 + δ

(
E2t2

m0d2

)n]
(16)

Where σSM(E) is the Standard Model cross-section, and the correction term becomes
significant at high energies, with δ and n being model-specific parameters.

8 Discussion

8.1 Theoretical Challenges

Several significant theoretical challenges remain:

1. Developing a complete mathematical formalism for quantum field theory in the
”2+2” dimensional framework that fully incorporates antimatter
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2. Understanding the precise mechanism of temporal dimension asymmetry that led
to baryon asymmetry

3. Reconciling this approach with the Standard Model’s successful predictions while
explaining persistent anomalies

4. Formulating precise predictions for upcoming antimatter experiments that can
definitively test the framework

8.2 Philosophical Implications

Our framework suggests profound shifts in our understanding of reality:

1. Matter and antimatter may represent different orientations in the temporal dimen-
sions rather than fundamentally different types of particles

2. The scarcity of antimatter in the observable universe may reflect a fundamental
asymmetry in the temporal structure of reality

3. Our perception of three spatial dimensions may be a cognitive construction that
simplifies a more complex ”2+2” dimensional reality

4. Time may play a more fundamental role in the structure of reality than previously
recognized, with two temporal dimensions rather than one

9 Conclusion

The Et2 = md2 reformulation of Einstein’s mass-energy equivalence provides a conceptu-
ally revolutionary approach to understanding antimatter. By reinterpreting antimatter
as matter with reversed temporal phase in a ”2+2” dimensional framework, we offer
potential resolutions to longstanding puzzles in particle physics.

Our framework provides natural explanations for pair production, annihilation, CPT
symmetry, and potentially the baryon asymmetry problem through a unified dimensional
perspective. It offers distinctive experimental predictions that could be tested with cur-
rent or near-future antimatter experiments, potentially providing evidence for this radical
reconceptualization of the relationship between matter and antimatter.

While substantial theoretical development and experimental testing remain necessary,
this approach merits further investigation as a potentially transformative pathway toward
a deeper understanding of antimatter and the dimensional structure of reality.
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