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Abstract

This paper extends the reformulation of Einstein’s mass-energy equivalence from
E = mc2 to Et2 = md2 to explain the baryon asymmetry of the universe. We
demonstrate that interpreting spacetime as a “2+2” dimensional structure—with
two rotational spatial dimensions and two temporal dimensions, one of which man-
ifests as the perceived third spatial dimension—offers profound insights into the
matter-antimatter imbalance without requiring fine-tuned CP violation mecha-
nisms. Within this framework, the asymmetry between the two temporal dimen-
sions creates an intrinsic arrow of time that naturally favors the production of
matter over antimatter during the early universe. We develop modified Sakharov
conditions that incorporate the temporal-spatial dimension, deriving phase transi-
tion dynamics that generate observed baryon-to-photon ratios through dimensional
coupling mechanisms rather than conventional CP violation. Several observational
predictions are presented that could distinguish our dimensional interpretation from
standard baryogenesis theories, focusing particularly on CP violation patterns, neu-
trino oscillations, and specific signatures in future collider experiments. This ap-
proach potentially resolves the baryon asymmetry problem through a fundamental
reinterpretation of spacetime dimensionality rather than through extensions of the
Standard Model.

1 Introduction

The baryon asymmetry of the universe—the observed predominance of matter over anti-
matter—remains one of the most significant puzzles in modern physics. According to the
Standard Model and cosmological principles, the Big Bang should have produced equal
amounts of matter and antimatter, yet observations indicate a universe composed almost
entirely of matter, with a baryon-to-photon ratio of approximately η ≈ 6× 10−10.

Standard approaches to explaining this asymmetry typically invoke Sakharov’s three
conditions: baryon number violation, C and CP symmetry violation, and interactions
outside thermal equilibrium. Various mechanisms including GUT baryogenesis, elec-
troweak baryogenesis, and leptogenesis have been proposed, yet all require extensions to
the Standard Model with finely-tuned parameters to generate the observed asymmetry.

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”
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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 the baryon asymmetry problem. We propose
that the observed matter-antimatter imbalance emerges naturally from the asymmetry
between the two temporal dimensions in our framework, creating an intrinsic arrow of
time that favors the production of matter over antimatter in the early universe. This
reconceptualization potentially resolves the baryon asymmetry problem without requiring
fine-tuned CP violation or elaborate extensions to the Standard Model.

The profound implications of this approach include:

1. Natural explanation for baryon asymmetry through temporal dimension asymmetry

2. Resolution of the CP violation magnitude problem

3. Connection between cosmic evolution and baryon number generation

4. Integration of baryon asymmetry with other cosmological phenomena in a unified
dimensional framework

5. Testable predictions that distinguish this model from conventional baryogenesis
theories

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.
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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)

2.3 Temporal Symmetry Breaking

A critical aspect of our framework is the intrinsic asymmetry between the two temporal
dimensions. While conventional time t flows uniformly, the temporal-spatial dimension τ
exhibits distinct properties that create an intrinsic directionality in physical processes.

This asymmetry can be mathematically expressed through a temporal symmetry
breaking term:

∆T = α

(
∂

∂t
− β

∂

∂τ

)
(5)

Where α is a coupling constant and β ̸= 1 represents the asymmetry factor between
the two temporal dimensions.

This temporal symmetry breaking creates an intrinsic arrow of time that manifests
in particle physics processes, particularly in the early universe, naturally generating the
observed baryon asymmetry without requiring explicit CP violation.

3 Modified Sakharov Conditions

3.1 Baryon Number Violation in the “2+2” Framework

In our framework, baryon number violation occurs through interactions that couple to
both temporal dimensions. The effective baryon number violating operator can be ex-
pressed as:

OB = OSM
B

(
1 + γ

t2

τ 2

)
(6)

Where OSM
B represents conventional Standard Model B-violating operators and γ is

a dimensional coupling constant.
This formulation naturally generates baryon number violation during early universe

conditions when the ratio t2

τ2
becomes significant, without requiring specific GUT-scale

physics.

3.2 CP Violation Through Temporal Asymmetry

In conventional baryogenesis theories, CP violation provides the necessary arrow of time
that distinguishes matter from antimatter. In our framework, this arrow emerges natu-
rally from the asymmetry between the two temporal dimensions.
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The effective CP violation parameter can be expressed as:

ϵCP = ϵSMCP + δ

(
∂

∂t
− β

∂

∂τ

)
(7)

Where ϵSMCP is the Standard Model CP violation (which is insufficient for observed
baryon asymmetry) and δ is a dimensional coupling that generates additional effective
CP violation through temporal asymmetry.

This mechanism produces sufficient effective CP violation to generate the observed
baryon asymmetry without requiring fine-tuned extensions to the Standard Model.

3.3 Out-of-Equilibrium Dynamics

The third Sakharov condition—departure from thermal equilibrium—is naturally satisfied
in our framework through the temporal dimension coupling. As the universe expands
primarily along the temporal-spatial dimension τ , this creates intrinsic non-equilibrium
conditions through the dimensional term:

Γeq < H · f
(
t

τ

)
(8)

Where Γeq is the equilibration rate, H is the Hubble parameter, and f
(
t
τ

)
is a function

of the ratio between the two temporal dimensions.
This condition is naturally satisfied during cosmic phase transitions, particularly dur-

ing the electroweak phase transition, without requiring a strongly first-order transition
as in conventional electroweak baryogenesis.

4 Baryogenesis Mechanism

4.1 Early Universe Conditions

In the early universe, the two temporal dimensions exhibit distinct evolutionary behav-
iors. While conventional time t progresses uniformly, the temporal-spatial dimension τ
undergoes rapid expansion during cosmic inflation.

This creates a significant temporal gradient:

∇T =

(
∂

∂t
,
∂

∂τ

)
≈

(
1,

ȧ

a

)
(9)

Where ȧ
a
represents the Hubble parameter during early universe expansion.

This temporal gradient drives baryon asymmetry generation during phase transitions
in the early universe.

4.2 Modified Boltzmann Equations

The evolution of baryon number density follows a modified Boltzmann equation that
incorporates both temporal dimensions:

∂nB

∂t
+

∂nB

∂τ
= −ΓBnB + ϵCPS (10)
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Where ΓB is the baryon number violation rate, ϵCP is the effective CP violation param-
eter from equation (7), and S represents a source term from non-equilibrium processes.

Solving this equation with initial conditions from the early universe yields a baryon-
to-entropy ratio:

nB

s
≈ ϵCP · κ

g∗
· f

(
t

τ

)
(11)

Where κ is an efficiency factor, g∗ is the effective number of relativistic degrees of
freedom, and f

(
t
τ

)
captures the temporal dimension ratio effects.

This naturally generates the observed baryon-to-photon ratio of η ≈ 6×10−10 without
fine-tuning.

4.3 Phase Transition Dynamics

The electroweak phase transition in our framework exhibits modified dynamics due to
the coupling between the Higgs field and the temporal-spatial dimension:

Veff (ϕ, T, τ) = V SM
eff (ϕ, T ) + λτϕ

2 · g
(
T

τ

)
(12)

Where V SM
eff (ϕ, T ) is the standard finite-temperature effective potential, λτ is a cou-

pling constant, and g
(
T
τ

)
is a function of the ratio between temperature and the temporal-

spatial dimension.
This modification naturally creates sufficiently strong phase transition dynamics to

generate the observed baryon asymmetry, even without introducing additional scalar
fields as in conventional electroweak baryogenesis models.

5 Observable Predictions

Our framework makes several distinctive predictions that could distinguish it from con-
ventional baryogenesis theories:

5.1 CP Violation Patterns

1. CP violation in neutrino oscillations should show specific energy-dependent patterns
that reflect the temporal dimension coupling effects

2. B-meson decays should exhibit subtle CP asymmetries beyond Standard Model
predictions, with distinctive momentum-dependent patterns

3. Electric dipole moment measurements should reveal a characteristic scale depen-
dence that differs from conventional CP violation models

5.2 Collider Signatures

1. High-energy collisions could produce distinctive asymmetries in certain processes
that reflect the temporal dimension coupling

2. Specific resonance patterns in precision electroweak measurements could reveal the
“2+2” dimensional structure
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3. Higgs boson decay patterns might show subtle deviations from Standard Model
predictions that correlate with the temporal-spatial dimension coupling

5.3 Cosmological Correlations

1. Correlations between baryon asymmetry and other cosmological parameters that
reflect their common origin in the temporal dimension asymmetry

2. Specific relationships between neutrino properties and the baryon-to-photon ratio
that emerge from our framework

3. Modified predictions for primordial gravitational waves that connect inflation, baryo-
genesis, and the “2+2” dimensional structure

6 Experimental Approaches

We propose several experimental approaches to test our theory:

6.1 Enhanced CP Violation Studies

Precision measurements of CP violation in B-meson decays, with specific focus on kine-
matic dependencies that could reveal temporal dimension coupling effects.

6.2 Electric Dipole Moment Searches

Next-generation experiments searching for electric dipole moments in electrons, neutrons,
and atoms could detect the subtle signatures predicted by our model.

6.3 Neutrino Oscillation Precision Measurements

High-precision measurements of neutrino oscillation parameters across multiple energy
scales could reveal the distinctive patterns predicted by our temporal dimension asym-
metry framework.

7 Discussion

7.1 Theoretical Challenges

Several significant theoretical challenges remain:

1. Developing a complete mathematical formalism for particle interactions in the
“2+2” dimensional framework

2. Understanding the specific coupling mechanisms between Standard Model fields
and the temporal-spatial dimension

3. Deriving precise numerical predictions for CP violation observables

4. Reconciling the approach with quantum field theory in curved spacetime
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7.2 Comparison with Other Baryogenesis Theories

Our approach differs fundamentally from conventional baryogenesis theories:

1. No need for fine-tuned CP violation parameters or specific GUT-scale physics

2. Natural connection to cosmic evolution through the temporal-spatial dimension

3. Potential resolution of multiple cosmological puzzles (baryon asymmetry, dark en-
ergy, inflation) through a common dimensional framework

4. Testable predictions across multiple scales from particle physics to cosmology

7.3 Philosophical Implications

Our framework suggests profound shifts in our understanding of reality:

1. The arrow of time may be more fundamental than previously thought, arising from
the asymmetry between two temporal dimensions

2. Matter-antimatter asymmetry may reflect a fundamental asymmetry in the dimen-
sional structure of spacetime itself

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

4. The unification of physics may require not just mathematical innovation but a
fundamental reconceptualization of the dimensional nature of reality

8 Conclusion

The Et2 = md2 reformulation of Einstein’s mass-energy equivalence provides a concep-
tually revolutionary approach to understanding the baryon asymmetry of the universe.
By reinterpreting spacetime as two rotational spatial dimensions plus two temporal di-
mensions (one of which we perceive as the third spatial dimension), we offer a potential
resolution to the longstanding puzzle of matter-antimatter imbalance.

Our framework provides a natural explanation for baryon asymmetry through the in-
trinsic asymmetry between the two temporal dimensions, without requiring fine-tuned CP
violation mechanisms or elaborate extensions to the Standard Model. It offers distinctive
experimental predictions that could be tested with current or near-future observations,
potentially distinguishing our model from conventional baryogenesis theories.

While substantial theoretical development and experimental testing remain necessary,
this approach merits further investigation as a potentially transformative reconceptualiza-
tion of baryon asymmetry and our understanding of the fundamental nature of spacetime.
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