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Abstract

This paper explores the implications of a reformulated mass-energy
equivalence equation for understanding parity violation in the weak
nuclear force. Starting from Einstein’s E = mc2, we derive the mathe-
matically equivalent form Et2 = md2, where c is expressed as the ratio
of distance (d) to time (t). This reformulation suggests a fundamental
reinterpretation of spacetime as a ”2+2” dimensional structure: two
rotational spatial dimensions and two temporal dimensions, with one
temporal dimension typically perceived as the third spatial dimension.
Within this framework, we demonstrate that parity violation emerges
naturally from the inherent chirality of the two-dimensional rotational
space, coupled with its unique interaction with temporal dimensions.
This approach provides a novel geometric explanation for why the
weak force violates parity while other fundamental forces preserve
it. We derive specific predictions regarding energy-dependent asym-
metries in weak interactions and correlations between gravitational
and weak force phenomena that could be tested experimentally. The
framework offers a potential pathway toward resolving longstanding
questions about matter-antimatter asymmetry and force unification
through a fundamental reconceptualization of spacetime dimensional-
ity.

1 Introduction

Parity violation in the weak nuclear force remains one of the most profound
discoveries in modern physics, fundamentally challenging our understanding
of nature’s symmetries. Since its experimental confirmation by Wu et al.
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in 1957, this left-right asymmetry has been incorporated into the Standard
Model through the electroweak theory, but its fundamental origin remains
somewhat mysterious. Why should one of the four fundamental forces dis-
tinguish between left and right while the others do not?

Meanwhile, Einstein’s mass-energy equivalence relation E = mc2 stands
as one of the most recognized formulations in physics, establishing the equiv-
alence between mass and energy through the fundamental constant c, the
speed of light. This relationship has been extensively verified experimentally
and forms a cornerstone of modern physics.

This paper explores whether a reformulation of mass-energy equivalence
might offer new insights into the nature of parity violation. By expressing
Einstein’s equation as Et2 = md2, we explicitly relate four fundamental
quantities—energy, time, mass, and distance—in a manner that suggests a
radical reinterpretation of spacetime dimensionality. The squared terms for
both time and space suggest that spacetime may be better understood as
a ”2+2” dimensional structure: two rotational spatial dimensions and two
temporal dimensions, with one of these temporal dimensions being perceived
as the third spatial dimension due to our cognitive processing of motion.

The profound implications of this approach include a natural explanation
for parity violation, potential insights into matter-antimatter asymmetry,
and a novel perspective on the unification of fundamental forces. By recon-
ceptualizing the dimensional structure of reality, we offer a framework that
potentially addresses several longstanding puzzles in fundamental physics
through a common geometric understanding.

2 Theoretical Framework

2.1 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)
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Rearranging:
Et2 = md2 (4)

This reformulation is mathematically equivalent to the original but frames
the relationship 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 Dimensional Analysis and Implications

To verify consistency, we perform dimensional analysis:

• Energy [E] has dimensions of ML2T−2

• Time squared [t2] has dimensions of T 2

• Mass [m] has dimensions of M

• Distance squared [d2] has dimensions of L2

Therefore:

Left side: [E][t2] =ML2T−2 · T 2 =ML2 (5)

Right side: [m][d2] =M · L2 =ML2 (6)

The equation is dimensionally consistent, confirming its formal validity.

2.3 The ”2+2” Dimensional Interpretation

The squared terms in equation (4) suggest a reinterpretation of spacetime
dimensionality. The d2 term might represent the two rotational degrees of
freedom in space. Meanwhile, our perception of a third spatial dimension
might actually be an aspect of time—a temporal dimension that manifests
as spatial when objects are in 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)

This perspective aligns with the observation that movement (and thus
distance in the third dimension) inherently requires time—suggesting a pro-
found connection between what we perceive as the third spatial dimension
and temporal progression.
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3 Parity Violation in the ”2+2” Framework

3.1 Inherent Chirality in Two-Dimensional Rotation

In a standard three-dimensional space, the concepts of ”left” and ”right” are
relative and conventional. However, in a two-dimensional rotational space,
clockwise and counterclockwise rotations have an absolute distinction that
provides a natural basis for parity. When we interpret the d2 term in our
reformulated equation as representing two rotational dimensions, we establish
a foundation for understanding absolute chirality in physical processes.

The rotational nature of these dimensions can be mathematically repre-
sented through complex number formalism, where rotations correspond to
multiplication by a phase factor eiθ. This introduces a fundamental handed-
ness to interactions occurring in this rotational space.

3.2 Weak Force as a Dimensional Boundary Phenomenon

We propose that the weak nuclear force uniquely operates at the interface
between the two rotational dimensions and the temporal-spatial dimension.
Unlike other forces that primarily operate within specific dimensional subsets,
the weak force involves transitions that inherently couple rotational states
with the temporal-spatial dimension.

This can be expressed through a modified interaction Lagrangian:

Lweak = − g√
2
ψ̄Lγ

µ · Γ(θ, ϕ, τ) ·WµψL (7)

Where Γ(θ, ϕ, τ) represents a coupling function between the rotational
coordinates (θ, ϕ) and the temporal-spatial dimension τ . The left-handed
nature of weak interactions reflects the directional asymmetry that emerges
from this cross-dimensional coupling.

3.3 Mathematical Formulation of Parity Transforma-
tion

In our framework, a parity transformation involves both a reversal of orien-
tation in the rotational dimensions and a reflection in the temporal-spatial
dimension:

P : (θ, ϕ, t, τ) → (−θ,−ϕ, t,−τ) (8)

For interactions confined to the rotational dimensions (like electromag-
netism) or those spanning all dimensions equally (like gravity), this trans-
formation preserves the physics. However, for interactions that specifically
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couple rotational orientation to the temporal-spatial dimension (the weak
force), this transformation necessarily changes the interaction dynamics, re-
sulting in parity violation.

The parity-violating term in the weak interaction can be derived as:

HPV = GF

∫
dθdϕdτ ψ†(θ, ϕ, τ)γ5ψ(θ, ϕ, τ) · ∇τΦ(θ, ϕ, τ) (9)

Where Φ(θ, ϕ, τ) represents a field that couples the rotational dimensions
to the temporal-spatial dimension, and γ5 is the chirality operator.

4 Neutrinos and Handedness

4.1 Origin of Neutrino Chirality

One of the most striking manifestations of parity violation is the observation
that neutrinos produced in weak interactions are always left-handed, while
antineutrinos are always right-handed. In our framework, neutrinos repre-
sent excitations that propagate specifically along the boundary between the
rotational dimensions and the temporal-spatial dimension.

The wave function for a neutrino can be expressed as:

ψν(θ, ϕ, τ) = u(θ, ϕ)ei(kτ τ−ωt) (10)

Where u(θ, ϕ) represents a specific rotational mode in the two-dimensional
space. The left-handedness emerges because neutrinos can only be created
through processes that involve a specific rotational orientation coupled to
forward progression in the temporal-spatial dimension.

4.2 Neutrino Mass and Oscillations

The extremely small but non-zero neutrino mass can be understood as aris-
ing from minimal coupling to the full ”2+2” dimensional structure. While
massless neutrinos would propagate exclusively along the boundary between
dimensions, the small mass term introduces oscillatory behavior between dif-
ferent dimensional couplings.

This explains the phenomenon of neutrino oscillations as transitions be-
tween states with different coupling strengths to the temporal-spatial dimen-
sion:

|να(t)⟩ =
∑
j

U∗
αje

−iEjt|νj⟩ (11)

Where the mixing matrix Uαj now has a physical interpretation related
to the coupling between different dimensional aspects of the neutrino states.
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5 CP Violation andMatter-Antimatter Asym-

metry

5.1 CP Violation in the ”2+2” Framework

CP violation—the combined violation of charge conjugation and parity sym-
metry—finds a natural explanation in our framework. While C-symmetry
reverses charges (interpreted as phase orientations in the rotational dimen-
sions) and P-symmetry reverses spatial orientation, their combined operation
still leaves an asymmetry in how these transformations couple to the tempo-
ral dimensions.

Mathematically, CP transformation can be expressed as:

CP : (θ, ϕ, t, τ) → (−θ,−ϕ, t,−τ) and eiφ → e−iφ (12)

The violation occurs because the couplings between these dimensions in-
clude CP-odd terms:

LCP−odd = α

∫
dθdϕdtdτ ϵµνρσFµνFρσ · f(τ/t) (13)

Where f(τ/t) represents a coupling function between the two temporal
dimensions that does not transform simply under CP.

5.2 Baryogenesis through Dimensional Asymmetry

The observed matter-antimatter asymmetry in the universe requires CP vi-
olation in the early universe. Our framework suggests that this asymmetry
arose naturally from the dimensional structure of spacetime itself during early
cosmic evolution.

As the universe expanded primarily along the temporal-spatial dimen-
sion, interactions involving CP-violating dimensional couplings led to a small
excess of matter over antimatter. This process can be quantified through
modified Boltzmann equations that account for the asymmetric dimensional
evolution:

dnB

dt
+ 3HnB = γCP · f

(τ
t

)
· (nq − nq̄) (14)

Where γCP is the CP-violating reaction rate and f(τ/t) represents the
time-dependent dimensional coupling that drives the asymmetry.
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6 Experimental Predictions

6.1 Energy-Dependent Parity Violation

Our framework predicts that the magnitude of parity violation should show
subtle energy dependence due to how the dimensional couplings vary with
energy scale. Specifically:

APV (E) = A0

[
1 + β

(
E

E0

)2

· t
2

d2

]
(15)

Where APV is a parity-violating asymmetry observable, A0 is its low-
energy value, and β is a model-dependent parameter. This energy depen-
dence could be tested in high-precision electroweak measurements at different
energy scales.

6.2 Gravitational Influence on Weak Interactions

Since gravity uniquely spans all dimensions in our framework, while the weak
force operates at the dimensional boundary, we predict subtle correlations
between gravitational effects and weak interactions. Specifically, weak pro-
cesses occurring in regions of strong gravitational fields should show modified
asymmetries:

APV (g) = APV (0)

[
1 + η

(
GM

rc2

)]
(16)

Where η is a coupling parameter that could potentially be measured in
future precision experiments involving weak decays in strong gravitational
fields, such as near neutron stars or black holes.

6.3 Novel Neutrino Phenomena

Our framework predicts distinctive signatures in neutrino physics, including:

1. Modified oscillation patterns at high energies that reflect the underlying
dimensional structure

2. Subtle differences in how neutrinos and antineutrinos interact with
gravity

3. Potential detection of right-handed neutrinos at sufficiently high ener-
gies where the dimensional couplings allow transitions to states that
are normally forbidden
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These effects could be sought in next-generation neutrino experiments
with improved sensitivity and higher energy ranges.

7 Discussion

7.1 Connection to Electroweak Unification

The Standard Model unifies electromagnetic and weak interactions through
the electroweak theory, but the fundamental reason for why one force re-
spects parity while the other violates it remains somewhat mysterious. Our
framework provides a geometric understanding of this distinction: electro-
magnetism primarily operates within the rotational dimensions, while the
weak force uniquely couples these dimensions to the temporal-spatial dimen-
sion.

The Higgs mechanism, which breaks electroweak symmetry, can be rein-
terpreted as establishing different dimensional couplings for the photon ver-
sus the W and Z bosons. This perspective offers a more intuitive geometric
understanding of symmetry breaking than the conventional formalism.

7.2 Comparison with Existing Approaches

Our approach differs from conventional explanations of parity violation in
several key ways:

1. Instead of simply accepting the chiral nature of the weak interaction
as a fundamental feature, we derive it from the dimensional structure
of spacetime

2. Rather than introducing additional symmetries or fields, we reinterpret
existing dimensions to provide a geometric basis for parity violation

3. We offer a unified framework that potentially connects parity violation,
CP violation, and matter-antimatter asymmetry through a common
dimensional mechanism

While mathematically compatible with the Standard Model, our approach
provides a deeper geometric understanding of phenomena that are otherwise
treated as axiomatic.

7.3 Theoretical Challenges

Several significant theoretical challenges remain:
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1. Developing a complete mathematical formalism for quantum field the-
ory in the ”2+2” dimensional structure

2. Understanding how our conventional perception interprets a temporal
dimension as spatial

3. Deriving the Standard Model particle spectrum and interactions fully
within this framework

4. Formulating testable predictions at experimentally accessible energy
scales

These challenges represent important directions for future work.

8 Conclusion

The Et2 = md2 reformulation of Einstein’s mass-energy equivalence, when
interpreted in terms of a ”2+2” dimensional framework, provides a novel
approach to understanding parity violation in the weak nuclear force. By
reinterpreting what we perceive as three-dimensional space as two rotational
dimensions plus a temporal dimension perceived as spatial, we offer a geo-
metric explanation for why the weak force violates parity while other forces
respect it.

Our framework provides natural explanations for neutrino handedness,
CP violation, and potentially the matter-antimatter asymmetry of the uni-
verse. It offers distinctive experimental predictions that could be tested with
current or near-future experiments, particularly regarding energy-dependent
asymmetries and correlations between gravitational and weak force phenom-
ena.

While substantial theoretical development and experimental testing re-
main necessary, this approach merits further investigation as a potentially
transformative reconceptualization of the relationship between spacetime di-
mensionality and fundamental symmetries in physics.
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