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Abstract

This paper extends the reformulation of Einstein’s mass-energy
equivalence from E = mc2 to Et2 = md2 to explain dark matter phe-
nomena. We demonstrate that interpreting spacetime as a “2+2”
dimensional structure—with two rotational spatial dimensions and
two temporal dimensions, one of which manifests as the perceived
third spatial dimension—offers profound insights into galactic dynam-
ics without requiring additional matter. Within this framework, what
appears as dark matter effects emerge naturally from the interplay
between the rotational dimensions and temporal-spatial dimension.
Galaxy rotation curves, gravitational lensing, and structure formation
can be explained through modified gravity in this dimensional frame-
work without invoking exotic particles. We derive modified gravita-
tional field equations that naturally produce the observed dark matter-
like effects at galactic and cosmological scales while maintaining con-
sistency with solar system tests. Several observational predictions are
presented that could distinguish our dimensional interpretation from
both particle dark matter and conventional modified gravity theories,
focusing particularly on galaxy cluster dynamics, structure formation,
and gravitational wave propagation. This approach potentially re-
solves the dark matter problem through a fundamental reinterpreta-
tion of spacetime dimensionality rather than through the introduction
of new particles or ad hoc modifications to gravity.
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1 Introduction

Dark matter remains one of the most significant puzzles in contemporary
physics. Observational evidence from galaxy rotation curves, gravitational
lensing, structure formation, and the cosmic microwave background (CMB)
suggests that approximately 85% of the matter in the universe does not
interact electromagnetically, yet exerts gravitational influence. The standard
approach postulates the existence of weakly interacting massive particles
(WIMPs) or other exotic particles that have thus far eluded direct detection
despite decades of increasingly sensitive experiments.

Alternative approaches, such as Modified Newtonian Dynamics (MOND)
and its relativistic extensions, attempt to explain dark matter phenomena
through modifications to gravitational laws rather than introducing new par-
ticles. While these approaches have achieved some success, particularly in
explaining galaxy rotation curves, they often struggle with observations at
cosmological scales and lack a foundational theoretical framework.

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 tem-
poral dimensions being perceived as the third spatial dimension due to our
cognitive processing of motion.

This paper extends this framework to dark matter phenomena. We pro-
pose that the effects traditionally attributed to dark matter emerge naturally
from the interplay between the two rotational spatial dimensions and the
temporal-spatial dimension that we conventionally perceive as the third spa-
tial dimension. This reconceptualization potentially resolves the dark matter
problem without requiring new particles or ad hoc modifications to gravity,
instead providing a foundational explanation rooted in the dimensional struc-
ture of spacetime itself.

The profound implications of this approach include:

1. Natural explanation for galaxy rotation curves through dimensional
effects

2. Resolution of gravitational lensing observations without invisible mass
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3. Explanation for large-scale structure formation that aligns with obser-
vations

4. Coherent framework that works consistently across scales from galaxies
to cosmology

5. Testable predictions that distinguish this model from both particle dark
matter and MOND

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 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 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 dimen-
sion. We propose that what we perceive as the third spatial dimension is
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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 Modified Gravitational Field Equations

In general relativity, Einstein’s field equations relate spacetime curvature to
energy-momentum:

Gµν =
8πG

c4
Tµν (5)

Using our reformulation, we can express the constant term as:

8πG

c4
=

8πGt4

d4
(6)

This yields the modified field equations:

Gµν =
8πGt4

d4
Tµν (7)

The critical insight is that the dimensional coupling term t4

d4
introduces

scale-dependent effects in gravitational dynamics. At small scales (like the
solar system), this term’s impact is negligible, preserving the successes of
general relativity. However, at galactic and larger scales, where the temporal-
spatial dimension’s effects become significant, this term creates what appears
to be additional gravitational attraction—the phenomenon traditionally at-
tributed to dark matter.

3 Dark Matter Phenomena Explained

3.1 Galaxy Rotation Curves

One of the most compelling evidences for dark matter comes from galaxy
rotation curves, which show that stars and gas in the outer regions of galax-
ies orbit with higher velocities than can be explained by the visible mass
distribution under Newtonian dynamics.
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In our framework, this phenomenon emerges naturally from the modified
gravitational field equations. The tangential velocity of stars in a galaxy can
be derived as:

v2(r) =
GM(r)

r

(
1 + α

t2

d2
r

)
(8)

Where M(r) is the visible mass enclosed within radius r, and α is a cou-
pling constant that emerges from the dimensional structure. This additional
term creates what appears to be a dark matter halo effect, producing flat
rotation curves at large radii without requiring additional mass.

This explains why rotation curves appear to follow a universal pattern
across galaxies of different sizes and types—the effect is not due to a specific
distribution of dark matter particles but rather to the fundamental dimen-
sional structure of spacetime itself.

3.2 Gravitational Lensing

Gravitational lensing observations, particularly in galaxy clusters, provide
evidence for mass distributions that exceed the visible matter. In our frame-
work, light bending is influenced by both the rotational and temporal-spatial
dimensions.

The modified deflection angle can be expressed as:

α =
4GM

c2b

(
1 + β

t2

d2
b

)
(9)

Where b is the impact parameter, and β is another coupling constant
related to the dimensional structure. This formulation naturally produces
stronger lensing effects than would be expected from visible matter alone,
matching observations without requiring dark matter particles.

3.3 Bullet Cluster and Similar Systems

The Bullet Cluster has been considered strong evidence for particle dark mat-
ter, as the gravitational lensing appears separated from the visible baryonic
matter after the collision of two galaxy clusters.

In our framework, this separation occurs because the dimensional cou-
pling effects depend on the gradients in the temporal-spatial dimension rather
than directly on the baryonic mass distribution. During violent collisions,
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these dimensional gradients can become displaced from the visible matter,
creating what appears to be separated dark matter.

Mathematically, we can express this as:

∇2Φ = 4πG (ρbaryonic + ρeffective) (10)

Where the effective density term arises from the dimensional coupling:

ρeffective = γ∇ ·
(
t2

d2
∇Φ

)
(11)

This effective density can remain coherent during cluster collisions while
the visible matter distributions become separated, explaining the observed
lensing patterns.

3.4 Large-Scale Structure Formation

Structure formation in the early universe appears to require dark matter to
create the gravitational potential wells that allow baryonic matter to collapse
and form galaxies. In our framework, the enhanced gravitational effects from
dimensional coupling serve this role without requiring additional matter.

The growth of density perturbations follows a modified equation:

δ̈ + 2Hδ̇ − 4πGρδ (1 + δdimensional) = 0 (12)

Where δdimensional represents the additional effective attraction from our
dimensional framework. This allows structure to form more rapidly than
in standard ΛCDM cosmology without dark matter particles, potentially
resolving tensions in structure formation timelines.

4 Cosmological Implications

4.1 CMB Power Spectrum

The cosmic microwave background power spectrum provides strong con-
straints on cosmological models. In our framework, the angular power spec-
trum is modified by dimensional effects:

Cl = CΛCDM
l × Fl

(
t2

d2
, k

)
(13)
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Where Fl is a scale-dependent modification function. Preliminary calcu-
lations indicate that this modified spectrum can match observations without
requiring dark matter particles, particularly if the dimensional coupling ef-
fects properly account for the characteristic acoustic peak structure.

4.2 Cosmic Acceleration

As detailed in our previous work, cosmic acceleration emerges naturally in
our framework through the time-dependent evolution of energy density:

ρ(t) ∝ m

a3(t)
· d

2

t2
∝ a2(t)

t2
· 1

a3(t)
=

1

t2
· 1

a(t)
(14)

This additional time-dependent dilution of energy density creates effects
similar to both dark matter and dark energy, potentially unifying these phe-
nomena as different manifestations of the same underlying dimensional struc-
ture.

5 Distinguishing from Other Dark Matter The-

ories

5.1 Comparison with Particle Dark Matter

Our approach differs fundamentally from particle dark matter theories:

1. No need for new particles with specific properties and interactions

2. Natural explanation for why dark matter effects correlate with baryonic
distributions in certain ways

3. No direct detection signals predicted, consistent with null results from
decades of searches

4. Natural resolution of the ”core-cusp” problem in galactic centers with-
out fine-tuning
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5.2 Comparison with MOND and Modified Gravity

Our approach also differs from conventional modified gravity theories:

1. Based on a fundamental reinterpretation of spacetime rather than ad
hoc modifications to force laws

2. Naturally extends to relativistic contexts without requiring additional
fields

3. Works consistently across scales from solar system to cosmological with-
out parameter tuning

4. Directly connected to energy-mass equivalence and fundamental physics
rather than empirical fitting

6 Observational Predictions

Our framework makes several distinctive predictions that could distinguish
it from both particle dark matter and conventional modified gravity theories:

6.1 Galaxy Cluster Dynamics

1. Specific patterns of mass distribution inferred from lensing that correlate
with gradients in the temporal-spatial dimension 2. Distinctive signatures in
merging clusters beyond what particle dark matter would predict 3. Scale-
dependent effects that follow directly from our dimensional coupling terms

6.2 Gravitational Wave Signals

1. Propagation characteristics that differ subtly from both general relativity
and alternative gravity theories 2. Polarization patterns that reflect the
”2+2” dimensional structure 3. Frequency-dependent effects that could be
detected in future gravitational wave observatories
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6.3 Structure Formation Timing

1. Characteristic formation sequence for large-scale structures that differs
from ΛCDM predictions 2. Age distribution of early galaxies that aligns bet-
ter with observations than standard dark matter models 3. Void distribution
and properties that follow naturally from our dimensional framework

7 Experimental Approaches

We propose several experimental approaches to test our theory:

7.1 Enhanced Gravitational Lensing Analysis

High-precision gravitational lensing observations, particularly of complex sys-
tems like the Bullet Cluster, could be analyzed with algorithms specifically
designed to distinguish between particle dark matter and our dimensional
effects.

7.2 Detailed Galaxy Rotation Curve Studies

Comprehensive studies of galaxy rotation curves across various galaxy types
and environments could reveal the distinctive scale-dependent signatures pre-
dicted by our model.

7.3 Gravitational Wave Observatory Data

Data from LIGO, Virgo, and future gravitational wave observatories could
be analyzed for the subtle propagation effects and polarization patterns pre-
dicted by our ”2+2” dimensional framework.

8 Discussion

8.1 Theoretical Challenges

Several significant theoretical challenges remain:

1. Developing a complete mathematical formalism for gravitational dy-
namics in the ”2+2” dimensional framework
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2. Understanding the specific coupling mechanisms between the rotational
dimensions and the temporal-spatial dimension

3. Deriving precise numerical predictions across different scales and regimes

4. Reconciling the approach with quantum field theory and particle physics

8.2 Philosophical Implications

Our framework suggests profound shifts in our understanding of reality:

1. Dark matter may not be ”missing matter” but rather a misinterpreta-
tion arising from our conventional dimensional perspective

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

3. The true nature of space and time may be fundamentally different
from our intuitive understanding, with time potentially playing a more
central role than conventionally assumed

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

9 Conclusion

The Et2 = md2 reformulation of Einstein’s mass-energy equivalence pro-
vides a conceptually revolutionary approach to understanding dark matter
phenomena. By reinterpreting what we perceive as a three-dimensional space
as a two-dimensional rotational space plus a temporal dimension perceived as
spatial, we offer potential resolutions to longstanding puzzles in astrophysics
and cosmology.

Our framework provides natural explanations for galaxy rotation curves,
gravitational lensing, structure formation, and cosmic acceleration without
requiring dark matter particles or ad hoc modifications to gravitational laws.
It offers distinctive experimental predictions that could be tested with current
or near-future observations, potentially distinguishing our model from both
particle dark matter and conventional modified gravity theories.
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While substantial theoretical development and observational testing re-
main necessary, this approach merits further investigation as a potentially
transformative reconceptualization of dark matter and our understanding of
the dimensional structure of spacetime.
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