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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 as matter
moving backward in both temporal dimensions. This framework naturally explains
the Feynman-Stueckelberg interpretation within a dimensional context, providing a
more intuitive understanding of antimatter-matter annihilation as temporal phase
cancellation. The observed baryon asymmetry of our universe emerges naturally as
a consequence of a preferred temporal direction established during cosmic evolution,
explaining why our universe contains predominantly matter rather than antimat-
ter. We derive modified field equations that explicitly incorporate time-direction in
both temporal dimensions and identify several experimental signatures that could
distinguish our interpretation from the Standard Model. This approach unifies our
understanding of matter and antimatter through a common dimensional structure
while offering a more elegant explanation for their observed properties and interac-
tions.

1 Introduction

Antimatter, first predicted by Dirac’s relativistic quantum theory and subsequently dis-
covered experimentally, remains one of the most enigmatic aspects of modern physics.
The nature of antimatter, its apparent scarcity in the observable universe, and the fun-
damental relationship between matter and antimatter continue to challenge our under-
standing of physical reality.

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 by proposing that an-
timatter is fundamentally matter moving backward in both temporal dimensions. This
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reconceptualization builds upon and dimensionally contextualizes the Feynman-Stueckelberg
interpretation of antimatter, providing a natural explanation for annihilation, CPT sym-
metry, and the baryon asymmetry problem through the establishment of a preferred
temporal direction in cosmic evolution.

The profound implications of this approach include:

1. Natural explanation for matter-antimatter annihilation as a temporal loop closure

2. Resolution of the baryon asymmetry problem through cosmic temporal direction-
ality

3. Dimensional contextualization of the Feynman-Stueckelberg interpretation

4. Testable predictions for antimatter behavior in various experimental settings

5. Unified framework for understanding both matter and antimatter as manifestations
of the same underlying dimensional structure

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
both temporal dimensions. We propose that what we perceive as the third spatial di-
mension is actually a second temporal dimension (which we denote as τ) that manifests
as spatial due to our cognitive processing of motion.

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

3 Antimatter as Backward Time-Moving Matter

3.1 Temporal Direction and Particle Identity

In our framework, we propose that antimatter represents matter moving backward in
both temporal dimensions. This fundamentally reconceptualizes the relationship between
matter and antimatter as a temporal direction duality rather than a separate class of
particles.

For matter, temporal evolution occurs in the positive direction in both temporal
dimensions:

ψmatter(θ, ϕ, t, τ) = ψ0e
i(ωt+κτ) (5)

For antimatter, temporal evolution occurs in the negative direction in both temporal
dimensions:

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.

This approach directly extends the Feynman-Stueckelberg interpretation of antimatter
as matter moving backward in time, but places it within our ”2+2” dimensional context
where time reversal occurs in both temporal dimensions simultaneously.

3.2 Dimensional Visualization of Antimatter

The conventional Feynman-Stueckelberg interpretation is difficult to visualize in standard
3+1 spacetime. Our ”2+2” framework provides a more intuitive visualization:

• Matter can be visualized as moving forward along both temporal axes (t and τ)
while maintaining positions in the rotational spatial dimensions (θ and ϕ)

• Antimatter moves backward along both temporal axes while maintaining positions
in the same rotational spatial dimensions

• When matter and antimatter meet, their temporal paths form a closed loop in the
combined temporal dimensions, explaining annihilation as a natural consequence of
temporal loop closure

3.3 Quantum Field Theory with Time-Reversed Particles

In quantum field theory, the creation and annihilation operators for particles and an-
tiparticles can be reinterpreted in terms of temporal direction:

ψ̂(θ, ϕ, t, τ) =
∑
s

∫
d2p

[
âp⃗,sus(p⃗)e

i(ωt+κτ) + b̂†p⃗,svs(p⃗)e
−i(ωt+κτ)

]
(7)
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Where â and b̂† are the annihilation and creation operators for forward-time and
backward-time particles (matter and antimatter), respectively. The field operator natu-
rally accommodates both temporal directions within a unified mathematical structure.

4 Pair Production and Annihilation as Temporal Loops

4.1 Pair Production as Temporal Loop Creation

In our framework, pair production—the creation of a particle-antiparticle pair from en-
ergy—represents the formation of a temporal loop across both time dimensions:

E(t2 + τ 2) → mforwardd
2 +mbackwardd

2 (8)

Energy manifests as a particle moving forward in time and an antiparticle moving
backward in time, creating a closed temporal circuit. This provides a natural explanation
for why particles and antiparticles are always created in pairs—they represent the two
halves of a temporal loop.

4.2 Annihilation as Temporal Loop Closure

When a particle meets its antiparticle, their oppositely-directed temporal paths complete
a closed loop, releasing the energy bound in the mass forms:

mforwardd
2 +mbackwardd

2 → E(t2 + τ 2) (9)

This temporal loop closure explains the perfect conversion of mass to energy in annihi-
lation processes. The mass, which represented energy bound in a temporal loop structure,
is released when the loop closes.

4.3 Feynman Diagrams Reinterpreted

In the context of our framework, Feynman diagrams can be reinterpreted as representa-
tions of temporal paths in the two temporal dimensions. The traditional interpretation of
antiparticles as particles moving backward in time is enhanced by explicitly considering
both temporal dimensions.

For example, electron-positron annihilation can be visualized as a temporal loop clos-
ing in both the t and τ dimensions simultaneously, with the resulting photons representing
the released energy propagating through both temporal dimensions in the forward direc-
tion.

5 Baryon Asymmetry from Cosmic Temporal Direc-

tion

5.1 Establishment of Preferred Temporal Direction

The observed predominance of matter over antimatter in the universe—the baryon asym-
metry problem—finds a natural explanation in our framework through the establishment
of a preferred temporal direction during cosmic evolution.
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We propose that in the early universe, as the ”2+2” dimensional structure emerged
from the initial high-energy state, a slight asymmetry developed between forward and
backward temporal evolution. This created a cosmic ”arrow of time” that preferentially
favored forward-moving matter over backward-moving antimatter.

5.2 Mathematical Formulation of Temporal Asymmetry

The temporal direction asymmetry can be mathematically expressed through a symmetry-
breaking term in the effective action:

Seffective =

∫
d2θdϕdtdτ L0 + ϵ

∫
d2θdϕdtdτ (t

∂

∂t
+ τ

∂

∂τ
)O(θ, ϕ, t, τ) (10)

Where ϵ is a small parameter representing the magnitude of temporal asymmetry, and
the operator (t ∂

∂t
+ τ ∂

∂τ
) represents the combined temporal direction in both dimensions.

The operator O couples to this directional asymmetry, creating a preference for forward-
moving particles over backward-moving ones during the universe’s formative stages.

5.3 Cosmic Evolution and Matter Dominance

As the universe expanded and cooled, this initial temporal directional asymmetry became
magnified through various phase transitions, ultimately resulting in the observed matter-
dominated universe. The small initial excess of forward-moving particles over backward-
moving ones was preserved and amplified by subsequent cosmic evolution.

This provides a more fundamental explanation for baryon asymmetry than conven-
tional CP-violation mechanisms, as it directly relates the asymmetry to the cosmic evo-
lution of the temporal dimensions themselves.

6 CPT Symmetry in Dual Temporal Dimensions

6.1 Reinterpreting CPT Symmetry

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 an elegant 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)

Crucially, the time reversal operation in our framework must be applied to both
temporal dimensions simultaneously, converting matter to antimatter and vice versa.
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6.2 CPT and Lorentz Invariance

The combined CPT operation corresponds to a complete phase conjugation in all four
dimensions, preserving the fundamental structure of the Et2 = md2 relation and main-
taining Lorentz invariance within our ”2+2” dimensional framework.

The subtle CPT-violating effects that may have contributed to cosmic baryon asym-
metry arise from the dynamical breaking of temporal symmetry during cosmic evolution
rather than from a fundamental violation of CPT in the underlying theory.

7 Gravitational Behavior of Time-Reversed Matter

7.1 Gravitational Interaction of Antimatter

A key prediction of our framework concerns the gravitational interaction of antimatter.
Since gravity in our model spans all four dimensions and couples to energy independent
of temporal direction, antimatter should experience the same gravitational attraction as
ordinary matter.

The modified Einstein field equations can be expressed as:

Gµν =
8πGt4

d4
(T forward

µν + T backward
µν ) (11)

Where T forward
µν and T backward

µν are the energy-momentum tensors for forward-moving
matter and backward-moving antimatter, respectively. The energy-momentum tensor
depends on the magnitude of energy and momentum, not their temporal direction, so
antimatter will be attracted gravitationally to both matter and other antimatter.

7.2 Time-Direction Independence of Gravity

The independence of gravitational interaction from temporal direction can be understood
from the Et2 = md2 relationship. The gravitational field relates to the spatial curvature
induced by mass, which corresponds to the md2 term. Whether the energy Et2 manifests
as forward-moving or backward-moving in the temporal dimensions does not affect this
spatial curvature.

8 Experimental Predictions

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

8.1 Antimatter Interferometry

The dual-temporal nature of antimatter suggests that interference experiments could re-
veal subtle effects related to the interaction of antimatter with both temporal dimensions:

Iantimatter(r⃗) = I0(r⃗)

[
1 + cos

(
∆ϕstandard + β(

t

τ
)

)]
(12)
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Where β( t
τ
) represents a small correction term that depends on the ratio of the two

temporal dimensions. This could be tested in positron or antiproton interference experi-
ments with sufficient precision.

8.2 Gravitational Testing of Antimatter

Our framework strongly predicts that antimatter will fall downward in Earth’s gravi-
tational field, with exactly the same acceleration as matter. Ongoing experiments like
ALPHA-g and GBAR at CERN will provide critical tests of this prediction.

8.3 High-Energy Antimatter Behavior

At very high energies where the dimensional distinctions become less rigid, antimatter
should exhibit behavior that reveals its true nature as backward-moving matter:

σhigh-E(E) = σstandard(E)

[
1 + γE2

(
t

τ
− τ

t

)2
]

(13)

Where γ is a small parameter and the correction term depends on the relative scale of
the two temporal dimensions. This could be tested in high-energy antimatter experiments
at facilities like CERN.

9 Discussion

9.1 Theoretical Implications

Our framework offers several profound theoretical implications:

1. It unifies matter and antimatter as the same fundamental entity moving in opposite
temporal directions, simplifying our ontological understanding

2. It provides a dimensional context for the Feynman-Stueckelberg interpretation,
making it more physically intuitive

3. It offers a natural explanation for baryon asymmetry through cosmic temporal
evolution without requiring fine-tuned CP violation

4. It resolves the apparent ”spooky action at a distance” in quantum entanglement
through connections in the temporal-spatial dimension

9.2 Open Questions and Challenges

Several important questions and challenges remain:

1. Developing a complete mathematical formalism for quantum field theory with dual
temporal dimensions

2. Understanding the mechanism that established the preferred temporal direction in
cosmic evolution
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3. Reconciling the dual-time nature of particles with the successes of the Standard
Model

4. Designing definitive experiments that can distinguish between our framework and
conventional interpretations

9.3 Philosophical Implications

Our framework suggests profound shifts in our understanding of reality:

1. The distinction between matter and antimatter may be a manifestation of the dual
nature of time rather than an intrinsic property of particles

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

3. The arrow of time may have a more fundamental origin than thermodynamic en-
tropy increase, rooted in the cosmic evolution of the dimensional structure itself

4. The apparent scarcity of antimatter may reflect our existence in a universe region
with a specific temporal orientation, suggesting potential ”antimatter-dominated”
regions elsewhere with the opposite temporal direction

10 Conclusion

The Et2 = md2 reformulation of Einstein’s mass-energy equivalence provides a revolution-
ary approach to understanding antimatter as matter moving backward in both temporal
dimensions. This framework offers elegant explanations for pair production, annihilation,
baryon asymmetry, and CPT symmetry through a unified dimensional perspective.

By reconceptualizing antimatter as time-reversed matter within a ”2+2” dimensional
structure, we provide a more intuitive understanding of the Feynman-Stueckelberg in-
terpretation and resolve long-standing puzzles in particle physics. Our approach makes
distinctive experimental predictions that could be tested with current or near-future an-
timatter experiments.

This framework represents a significant step toward a deeper understanding of the
fundamental relationship between matter, antimatter, time, and the dimensional struc-
ture of reality. While substantial theoretical development and experimental verification
remain necessary, the conceptual elegance and explanatory power of this approach sug-
gest it merits serious consideration as a new paradigm for understanding antimatter in
the context of dimensional physics.
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