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Abstract

We present a novel derivation of quark properties, including color charge, flavor
structure, and generation patterns, from Laursian Dimensionality Theory (LDT).
By reinterpreting spacetime as a “2+2” dimensional structure with two rotational
spatial dimensions and two temporal dimensions, we demonstrate that quarks nat-
urally emerge as specific excitation patterns within this dimensional framework.
The SU(3) color symmetry is shown to arise from phase relationships in the ro-
tational spatial dimensions, while flavor distinctions and generational structure
emerge from coupling patterns between the rotational and temporal dimensions.
We develop a formal field-theoretic treatment using a modified Dirac equation
adapted to the LDT framework, demonstrating how quark confinement, asymp-
totic freedom, and mass hierarchy emerge naturally without requiring additional
theoretical constructs. This approach offers a more parsimonious explanation for
the observed quark properties than conventional quantum chromodynamics while
making distinctive predictions that could be tested in high-energy physics experi-
ments.

1 Introduction

The Standard Model of particle physics describes quarks as spin-1/2 fermions possess-
ing color charge and participating in strong interactions. While experimentally well-
established, the theoretical origin of quark properties—including why there are exactly
six flavors in three generations, why quarks possess fractional electric charges, and why
they experience color confinement—remains incompletely understood. Conventional ap-
proaches typically accept these properties as empirical facts or derive them from some-
what arbitrary symmetry principles.

This paper presents a fundamentally different approach based on Laursian Dimen-
sionality Theory (LDT), which reinterprets spacetime as a “2+2” dimensional structure
consisting of two rotational spatial dimensions and two temporal dimensions, with one
temporal dimension typically perceived as the third spatial dimension. Within this frame-
work, we demonstrate that quarks and their distinctive properties emerge naturally as
specific excitation patterns within the dimensional structure itself, without requiring ad-
ditional theoretical constructs.
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2 Theoretical Framework

2.1 LDT Spacetime Structure

Laursian Dimensionality Theory begins with the reformulation of Einstein’s mass-energy
equivalence from E = mc2 to Et2 = md2. This mathematically equivalent expression
suggests a “2+2” dimensional interpretation of spacetime:

• Two rotational spatial dimensions with angular coordinates (θ, ϕ)

• Two temporal dimensions: conventional time (t) and a temporal-spatial dimension
(τ) that we typically interpret as the third spatial dimension

This dimensional structure can be expressed through the modified spacetime metric:

ds2 = −dt2 − dτ 2 + dθ2 + dϕ2 (1)

Within this framework, elementary particles are understood as specific excitation
patterns across these four dimensions.

2.2 Quark Field in LDT

We define a quark field as a spinor field operating across the full “2+2” dimensional
structure:

Ψq(θ, ϕ, t, τ) =
3∑

i=1

ψi
q(θ, ϕ, t, τ) (2)

Where the index i runs from 1 to 3, representing the three color states (red, green,
blue). This field satisfies a modified Dirac equation adapted to the LDT framework:

[iγµ∂µ + iΓa∂a −mq] Ψq = 0 (3)

Where:

• γµ are the conventional Dirac matrices operating in the temporal dimensions, with
µ ∈ {t, τ}

• Γa are analogous ”rotational gamma matrices” operating in the rotational dimen-
sions, with a ∈ {θ, ϕ}

• mq is the quark mass

3 Color Charge from Rotational Phases

3.1 Emergence of SU(3) Symmetry

The color charge of quarks emerges naturally from phase relationships in the rotational
dimensions. Specifically, we propose that the three color states correspond to specific
phase configurations in the (θ, ϕ) space:

ψred
q = ψ0

qe
iω0 (4)
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ψgreen
q = ψ0

qe
i(ω0+2π/3) (5)

ψblue
q = ψ0

qe
i(ω0+4π/3) (6)

Where ω0 is a base phase and ψ0
q is a common amplitude function.

This configuration inherently possesses SU(3) symmetry, as transformations between
these states correspond to phase rotations in the (θ, ϕ) space. The requirement for color
neutrality (that observable states must be color singlets) emerges from the mathematical
necessity that observable states must have single-valued phases after a complete rotation
in (θ, ϕ) space.

3.2 LDT-Quark Lagrangian with Covariant Coupling

The full dynamics of quarks in the LDT framework can be captured by the following
Lagrangian:

LLDT-Q = Ψ̄q(iγ
µDµ + iΓa∂a −mq)Ψq − λ(Ψ̄qΨq − η2)2 (7)

Where:

• Dµ = ∂µ − igsT
αAα

µ is the covariant derivative incorporating the strong interaction

• Tα are the SU(3) generators (Gell-Mann matrices)

• Aα
µ are the gluon fields

• gs is the strong coupling constant

• The final term is a self-interaction potential with coupling constant λ and vacuum
expectation value parameter η

3.3 Quark Confinement Mechanism

Confinement emerges naturally in our framework from the rotational nature of the spatial
dimensions. Attempting to separate color charges creates a state with continuously in-
creasing phase gradient in the rotational dimensions, requiring energy that grows linearly
with separation distance:

Econfinement ≈ σr (8)

Where σ is the string tension, which in our framework has the fundamental interpre-
tation:

σ ≈ ℏc
R2

rot

(9)

With Rrot representing a characteristic rotational scale.
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4 Quark Flavors and Generations

4.1 Flavor Distinction Mechanism

The distinction between up-type quarks (up, charm, top) and down-type quarks (down,
strange, bottom) arises from their coupling patterns to the temporal-spatial dimension:

Ψup-type(θ, ϕ, t, τ) = Ψ0e
iωq(θ,ϕ) · ζu(t, τ) (10)

Ψdown-type(θ, ϕ, t, τ) = Ψ0e
iωq(θ,ϕ) · ζd(t, τ) (11)

Where the functions ζu(t, τ) and ζd(t, τ) have different coupling patterns to the tem-
poral dimensions, resulting in different electric charges and masses.

The electric charge emerges as a topological property related to how the field couples
to both dimensional subspaces:

Q =
1

2π

∮
C

A⃗ · d⃗l = n+
1

3
m (12)

Where A⃗ is an effective gauge field associated with the field’s phase, n is an integer,
and m ∈ {−1, 0, 1, 2} is a quantum number that distinguishes quark flavors.

4.2 Generation Structure

The three generations of quarks emerge from excitation patterns in the ratio between the
two temporal dimensions:

Ψ(n)
q (θ, ϕ, t, τ) = Ψ(0)

q (θ, ϕ, t, τ) ·Hn

(τ
t

)
(13)

Where Hn represents the nth Hermite polynomial, with n ∈ {0, 1, 2} for the three
generations.

This formulation naturally limits the number of generations to three stable config-
urations, as higher-order excitations (n > 2) become energetically unfavorable due to
increasing oscillation frequencies in the temporal dimensions. The mass hierarchy be-
tween generations emerges naturally from the energy levels of these temporal excitation
modes:

m(n)
q ≈ m(0)

q ·
(
1 + αn+ βn2

)
(14)

Where α and β are dimensional coupling constants.

5 CKM Mixing and CP Violation

5.1 Mixing Matrix from Dimensional Misalignment

The CKM mixing between quark generations emerges from misalignment between mass
eigenstates and interaction eigenstates in the temporal dimensions:

Ψmass = ÛΨinteraction (15)

Where Û is the CKM matrix, which in our framework has the physical interpretation
as a rotation matrix in the space of temporal excitation modes.
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5.2 CP Violation from Temporal Asymmetry

CP violation emerges naturally from the intrinsic asymmetry between the two temporal
dimensions. The complex phase in the CKM matrix corresponds to a phase difference
between the conventional time dimension and the temporal-spatial dimension:

δCP ≈ arg

(
∂

∂t
+ i

∂

∂τ

)
(16)

This provides a geometric interpretation for CP violation rather than treating it as
an arbitrary parameter.

6 Experimental Predictions

Our framework makes several distinctive predictions that could be tested experimentally:

6.1 High-Energy Behavior

At very high energies, our model predicts specific modifications to quark interaction
cross-sections:

σ(E) = σstandard(E) ·

[
1 + γ

(
E

E0

)2
t2

d2

]
(17)

Where γ is a dimensionless constant, E0 is a characteristic energy scale, and t2

d2
is a

dimensional factor.
This predicts specific deviations from standard QCD at the highest accessible energies,

potentially detectable at future colliders.

6.2 Rare Decay Modes

Our model predicts rare decay channels that involve transitions between different dimen-
sional excitation modes:

Γrare ∝
(
E

E1

)n

· t
2

d2
(18)

Where E1 is another energy scale and n is a process-dependent exponent.

6.3 Quark-Gluon Plasma Behavior

In quark-gluon plasma, our model predicts distinctive collective behavior arising from the
rotational nature of the spatial dimensions:

η/s =
1

4π
· f

(
t2

d2

)
(19)

Where η/s is the shear viscosity to entropy density ratio, and f is a function that
could potentially be measured in heavy-ion collision experiments.
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7 Discussion

7.1 Comparison with Conventional QCD

Our approach offers several advantages over conventional quantum chromodynamics:

• It provides a geometric explanation for color confinement rather than attributing
it to non-perturbative effects

• It naturally explains the existence of exactly three generations without requiring
additional symmetry principles

• It derives quark properties from the dimensional structure rather than treating
them as empirical inputs

• It potentially resolves the strong CP problem through the geometric interpretation
of CP violation

7.2 Theoretical Challenges

Several theoretical challenges remain:

• Developing a complete renormalization scheme adapted to the “2+2” dimensional
structure

• Formulating precise lattice calculations within this framework

• Reconciling our approach with electroweak theory in a fully unified model

• Explaining the precise origin of the observed mass parameters from first principles

8 Conclusion

We have demonstrated that quarks and their distinctive properties can be derived nat-
urally from the “2+2” dimensional structure of Laursian Dimensionality Theory. The
color charge, flavor structure, generation pattern, and mass hierarchy all emerge from
specific excitation patterns within this dimensional framework, without requiring addi-
tional theoretical constructs or arbitrary symmetry principles.

This approach offers a more parsimonious explanation for the observed quark prop-
erties than conventional quantum chromodynamics while making distinctive predictions
that could be tested in high-energy physics experiments. If confirmed, this would sug-
gest that the fundamental structure of matter is intimately connected to the dimensional
structure of spacetime in ways not previously recognized, potentially revolutionizing our
understanding of particle physics.
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