
J
H
E
P
0
6
(
2
0
2
5
)
2
0
7

Published for SISSA by Springer

Received: March 2, 2025
Revised: April 21, 2025

Accepted: May 14, 2025
Published: June 20, 2025

Weak mixing angle under U(1, 3) colored gravity

R. Monjo

Department of Mathematics, Saint Louis University — Madrid Campus,
Manresa Hall, Calle Max Aub, 5, E-28003 Madrid, Spain
Department of Physics and Mathematics, University of Alcalá, Faculty of Sciences,
Ctra Madrid-Barcelona 33.6, E-28805 Alcalá de Henares, Madrid, Spain

E-mail: robert.monjo@slu.edu

Abstract: Colored gravity, based on U(1, 3) symmetry, emerges naturally in the complexi-
fication of Lorentzian manifolds and integrates U(1) electromagnetism as a subcase. This
work explores the viability of also including strong and electroweak interactions under the
U(1, 3) gauge group of colored gravity. We identify specific generators linked to leptonic and
quark interactions and embed the standard Higgs mechanism. Crucially, the weak mixing
angle (sin2 θW ) is predicted to exhibit about ∼ 0.231 for lepton-lepton interactions (close to
observations) and ∼ 0.222 for hadron-lepton interactions, which is in 3σ tension with some
observations. These findings open pathways for reconciling experimental data with colored
gravity and suggest avenues for quantum correction studies.

Keywords: Grand Unification, Other Weak Scale BSM Models, Differential and Algebraic
Geometry, Theories of Flavour

ArXiv ePrint: 2502.11236

Open Access, © The Authors.
Article funded by SCOAP3. https://doi.org/10.1007/JHEP06(2025)207

https://orcid.org/0000-0003-3100-2394
mailto:robert.monjo@slu.edu
https://doi.org/10.48550/arXiv.2502.11236
https://doi.org/10.1007/JHEP06(2025)207


J
H
E
P
0
6
(
2
0
2
5
)
2
0
7

Contents

1 Introduction 1
1.1 Background of the Weinberg angle 1
1.2 Motivation and objectives 3

2 Preliminaries 4
2.1 Spacetime algebra 4
2.2 Complexified Minkowskian spacetime and spinors 4
2.3 Natural U(1, 3) group in gravity 6

3 Colored gravity 7
3.1 A gauge-like treatment of gravity 7
3.2 Transformed spinors 7
3.3 Colored metric 9

4 Embedding of SM generators 10

5 The Higgs mechanism in U(1, 3) 15
5.1 Embedding Higgs fields 15
5.2 Yukawa-like Lagrangian 17
5.3 Prediction of the Weinberg angle 18
5.4 Impact on the Lorentz invariance 20

6 Final remarks 20

A Basics of U(1, 3) colored gravity 22
A.1 U(1, 3) gauge group 22
A.2 Telleparallel gravity equivalent of GR (TEGR) 23
A.3 From TEGR to U(1, 3) colored gravity 24

B Physical bosons of the U(1, 3) adjoint representation 25

1 Introduction

1.1 Background of the Weinberg angle

The weak mixing angle, also known as the Weinberg angle θW , is a fundamental parameter in
the Standard Model (SM) of particle physics. It quantifies the mixing of the electromagnetic
and weak interactions under the electroweak U(1)× SU(2) gauge symmetry. Expressed as
sin2 θW = q2/(q2 + q′2), where q and q′ represent the gauge coupling constants for U(1) and
SU(2), respectively, the Weinberg angle governs the masses of the W and Z bosons via
sin2 θW = 1−m2

W /m2
Z [1, 2]. This parameter plays a pivotal role in precision electroweak

physics, offering a bridge between theory and experiment [1–6]. While this relationship
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Source sin2 θW Uncertainty Reference
SLD 0.23098 ± 0.00026 SLD Col. 2000 [1]
NuTeV 0.2277 ± 0.0016 Zeller+. 2002 [2]
CMS/LHC 0.2287 ± 0.0020 (stat)

± 0.0025 (syst)
CMS Col. 2011 [3]

LHCb/LHC 0.23142 ± 0.00052 (stat)
± 0.00056 (syst)

LHCb Col. 2015 [4]

Low Q2 0.2328 ± 0.0009 Davoudiasl+ 2015 [10]
D0/Tevatron 0.23147 ± 0.00047 D0 Col. 2015 [8]
D0/Tevatron 0.23095 ± 0.00035 (stat)

± 0.00020 (syst)
CDF+D0 Col. 2018 [5]

CDF+D0 (Tevatron) 0.23148 ± 0.00033 CDF+D0 Col. 2018 [5]
LHCb/LHC 0.23147 ± 0.00044 (stat)

± 0.00005 (syst)
LHCb Col. 2024 [6]

D0/Tevatron 0.22269 ± 0.00034 (stat)
± 0.00021 (syst)

CDF+D0 Col. 2018 [5]

CDF+D0 (Tevatron) 0.22324 ± 0.00033 CDF+D0 Col. 2018 [5]
CODATA 0.22305 ± 0.00023 Mohr+ 2024 [11]

Table 1. Experimental measurement of the effective weak mixing angle θW according to lepton-lepton
interactions (upper bock) and for hadron-lepton (lower block).

is theoretically predicted by the SM, the precise value of sin2 θW at a given energy scale
is influenced by experimentally measured parameters, such as the masses of the W and Z
bosons [7, 8]. An extensive review of low-energy precision measurements for sin2 θW was
performed in [9] for weak neutral-current interactions, mediated by the Z boson.

Precision measurements and renormalization group equations have refined the SM
prediction of sin2 θW for leptonic interactions, which is approximately 0.23152± 0.00010 [7]
or 0.23124± 0.00012 [10]. Empirical measurements from experiments such as those carried
out at the SLAC Large Detector (SLD) of the Stanford Linear Collider (SLC), the Compact
Muon Solenoid (CMS) and Large Hadron Collider beauty (LHCb) at CERN, and the Tevatron
collider at Fermilab have largely corroborated the SM predictions for lepton-lepton interactions
(table 1), with most results lying within statistical uncertainty [3, 4, 8, 11]. However, some
discrepancies in hadron-lepton processes hint at potential new physics [12].

Despite the success of the electroweak framework, integrating quantum chromodynamics
(QCD) into a unified theory remains a profound challenge. Grand unified theories (GUTs)
aim to merge the electroweak and strong interactions into a single theoretical framework,1

1A GUT proposal must have at least rank 4. Recall that the rank of a Lie group is equal to the number
of diagonal (mutually commuting) generators in its Cartan subalgebra. For example, the rank SU(1, p) =
rank SU(1 + p) = p, while the factor U(1) embedded in U(1, 3) provides an additional diagonal matrix (the
unitary), so finally the rang of U(1, 3) is 4.
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potentially refining predictions for sin2 θW [13–16]. For instance, the SU(5) GUT predicts a
value of sin2 θW = 3/8 ≈ 0.375 at the unification energy scale, which is around 1016 GeV [17,
18]. When running the renormalization group equations down to the electroweak scale (around
the Z boson mass), the predicted value of sin2 θW ≈ 0.21 [9, 17, 19]. Even smaller is the
mixing angle for the SU(5)× SU(5) theory (or double SU(5)), with sin2 θW = 3/16 = 0.1875
at a unification energy scale; although it is expected to increase at lower energy scales [18].
Similarly, a minimally supersymmetric SO(10) can obtain values about sin2 θW ≈ 0.2210 [20].

1.2 Motivation and objectives

1.2.1 Motivation for U(1, 3)-based colored gravity

Double copy of su(N) and more generally double u(N) for N = 4, 5 contain relevant subalge-
bras that are related to the lepton-quark interactions [21–23]. The su(4) algebra provides a
framework to unify quarks and leptons within the same symmetry group [24, 25], whereas
u(1, 3) plays a significant role in describing the strong interactions of quarks and gluons in the
non-perturbative regime at large interaction distances [26]. Within this context, it is plausible
that the u(1, 3) algebra could also support a quark-lepton unification model, analogous to
the su(4) case. Furthermore, u(1, 3) exhibits connections to Wess-Zumino-Witten models in
two dimensions and Chern-Simons theories in three dimensions [27, 28].

More recently, a proposal of colored gravity was successfully based on a double su(1, 3)
subalgebra [29]. Specifically, using a gauge-like treatment of teleparallel gravity equivalent to
general relativity (TEGR), Lagrangian density of colored gravity is isomorphic to a SU(1, 3)
Yang-Mills (YM) theory [29–31].

Colored gravity is motivated by the idea that U(1, 3) gauge group emerges from the
complexification of Lorentzian manifolds and spinor field dynamics, offering a natural extension
to unify gravity with the SM [29]. In this framework, U(1) electromagnetism appears as a
subset, while SU(3) ⊂ U(1, 3) represents the strong interaction. The structure also supports
a Higgs mechanism that integrates leptonic and quark interactions into a unified description.

1.2.2 Objectives and structure of this work

This paper aims to extend the SM by embedding its symmetries into the U(1, 3) gauge
group, providing insights into the weak mixing angle and its implications for unification.
The key contributions include:

• Showing a natural embedding of SU(3) and U(1)× SU(2) symmetries into the U(1, 3)
framework.

• Extending the Higgs mechanism to U(1, 3), linking the electroweak symmetry-breaking
process to broader unification.

• Providing theoretical predictions for the weak mixing angle under different interaction
contexts.

The paper is structured in five main sections. After the preliminary section 2 aimed
to set the foundational notation, section 3 introduces the key features of U(1, 3)-based
colored gravity. Section 4 describes the embedding of the SM algebra representatives within
U(1, 3) and identifies each fundamental interaction. Then section 5 develops the fit of Higgs
mechanism into the U(1, 3) model by identifying the generators involved and provides a
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first prediction of the weak mixing angle. Finally, section 6 collects the main insights and
concluding remarks to interpret the results and outlines directions for future research.

2 Preliminaries

2.1 Spacetime algebra

This subsection summarizes the key concepts from [32, 33]. Let (M, g) be a 4-dimensional
Lorentzian manifold with Minkowski bundle M → TM and frames {xµ, xa}µ,a. The space-
time algebra Cl1,3(R,h), with metric tensor h = g or η, is generated by {vµ}µ and {γa}a,
which satisfy:

vµ · vν = 1
2(vµvν + vνvµ) = gµν14, (2.1)

γa · γb =
1
2(γaγb + γbγa) = ηab14, (2.2)

where · is the symmetric (dot) product, and 14 is the identity matrix. The antisymmetric
(wedge) product is defined as:

vµ ∧ vν = 1
2(vµvν − vνvµ) =

1
2[vµ, vν ], (2.3)

γa ∧ γb =
1
2(γaγb − γbγa) =

1
2[γa, γb]. (2.4)

The algebra generators decompose into symmetric and antisymmetric parts: vµvν = vµ ·
vν + vµ ∧ vν , and similarly for γaγb. The tetrad components relate to spacetime generators via
vµ = eµ

aγ
a and γa = e a

µ v
µ, satisfying orthogonality: γa · γb = δb

a14 and vµ · vµ = γa · γa = 14.
The symbols vµ and γa emphasize their connections to the four-velocity covector uµ =

dxµ/dτ and Dirac gamma matrices, respectively. Distances defined by the generators mirror
those from uµdx

µ. The spacetime element is dτ = vµdx
µ = γadx

a, and the metric is
derived as:

14dτ
2 = dτ · dτ = (vµ · vν)dxµdxν = 14gµνdx

µdxν

= (γa · γb)dxadxb = 14ηabdx
adxb.

This formalism encapsulates spacetime geometry in terms of Clifford algebra, providing
a robust foundation for describing both the kinematics and dynamics of fields in curved
spacetimes. By leveraging these structures, our framework enables an extension of SM
symmetries to incorporate gravity through the deformation of the spacetime generators by
the u(1, 3) algebra, which may imply a noncommutative spacetime structure. This possibility,
and its implications for Lorentz invariance, are further discussed in section 5.4.

2.2 Complexified Minkowskian spacetime and spinors

Let (M, η) represent the Minkowskian manifold with the metric η = diag(1,−1,−1,−1), and
let (Mc, ηc) denote its complexification, defined as Mc := M ⊕ iM, where i := e0e1e2e3
is the unit pseudoscalar constructed using the vector basis {eµ}3µ=0 of M [34, 35]. The
complexification introduces additional degrees of freedom, allowing the description of both
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real (e.g., velocity and momentum) and imaginary components (e.g., angular momentum
and magnetic moment), whose behavior under parity inversion differs. The terms imaginary
and complexification arise from the property i2 = (e0e1e2e3)(e0e1e2e3) = −1, with eiej :=
ei · ej + ei ∧ ej .

In the framework of Mc ∋ a,b, the inner product structure is defined by

η(a, b) := η(a+ ix, b+ i y) :=
:= η(a, b) + η(x, y)− i η(x, b) + i η(a, y) ,

where a = a+ ix and b = b+ i y, with a, b, x, and y being real tangent (vector) fields on M.
This definition ensures that both the real and imaginary components of vectors contribute
to the overall geometry in a consistent manner.

As an example, any spinor (a spin- 12 particle) can be expressed as ψ = u + i s ∈ Mc,
where u represents the unit four-velocity or its linear momentum, and s denotes the four-
dimensional spin angular momentum, which is linked to the Pauli-Lubanski pseudovector [35].
The spacetime coordinates are therefore formulated as spinor-valued entities within the
complexified Cl1,3(R)⊗ C algebra. This representation explicitly extends the real Lorentzian
spacetime to a complex manifold Mc, enabling a unified description of momentum and spin
dynamics while preserving Lorentz invariance, that is, into a relativistic two-state prescription.
For example, the interaction of an electron (or similar charged particle) with mass m, spin s,
and Landé factor ge ≈ 2, in the presence of an electromagnetic field F , can be described as:

d

dτ
ψα ≈ µψβF α

β , (2.5)

where ψ = u+ is and µ = ge

2
q
ms ≈

q
ms is the magnetic moment [34]. This equation highlights

the coupling between the spinor’s intrinsic properties and the external field.
In the Dirac spinor formalism, both the electron (particle) and positron (antiparticle)

are represented within the four-component spinor ψ = (χ χc)⊤, satisfying the Dirac equation
(iγµ∂µ −m)ψ = 0. The upper two components (represented by χ correspond to the electron,
while the lower components (from χc) describe the positron, whose interpretation as an
antiparticle arises via charge conjugation: ψc = Cψ

⊤, where C is the charge conjugation
matrix, ψ is the complex conjugate, and therefore (χc)c = χ. This unified description captures
both particle and antiparticle dynamics within a single framework.

The four-component spinor ψ can be expressed in the Weyl or chiral representation as
ψchiral = ψL + ψR = (χL 0)⊤ + (0 χR)⊤ = (χL χR)⊤, where χL = 1√

2 (χ+ χc) and χR =
1√
2 (χ− χc) are the two-component Weyl spinors in the same chiral basis.2 Then, using the

Clifford algebra {γi}3i=0 for the left- and right-hand projectors PL = 1
2(1−γ5), PR = 1

2(1+γ5)
with γ5 := iγ0γ1γ2γ3, the spinor can be decomposed as ψL = PLψchiral and ψR = PRψchiral.
Moreover, the Dirac equation is now (E − σ · p)ψR = mψL and (E + σ · p)ψL = mψR with
Pauli matrices σ, momentum p = mv ∈ R3 and energy E2 := m2 + p2. In contrast to the

2This is equivalent to apply the unitary matrix Uchiral = 1
2

(
I I

I −I

)
to ψ 7→ ψchiral = Uchiralψ, and

therefore ψL = PLUchiralψ and ψR = PRUchiralψ.
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Dirac representation, this decomposition enables a detailed analysis of left- and right-handed
states, which are fundamental to weak interactions.

In the context of particle dynamics, the four-velocity is uµ = 1√
1−v2 (1,v), and the

spin pseudovector is sµ = 1
2ϵ

µνρσuνJρσ, describing the motion and spin of both particle
and antiparticle. For an electron at rest, uµ = (1, 0, 0, 0) and sµ = (0, 0, 0,±1

2), where ±1
2

denotes spin alignment. The positron’s u and s have the same forms but correspond to its
specific quantum state, with negative energy solutions of the Dirac equation reinterpreted
as positive via field quantization.

To robustly compute these quantities from a spinor ψ, bilinear covariants are obtained
from uµ = ψγµψ and sµ = 1

2ϵ
µνρσψγνγρσψ, where ψ = ψ†γ0 is the Dirac adjoint, while ϵµνρσ

is the Levi-Civita symbol and γρσ are the Lorentz transformation generators γρσ = 1
2 [γρ, γσ].

These expressions ensure that uµ and sµ are well-defined geometric quantities3 derived from
the spinor ψ and the Clifford algebra structure, making them representation-independent.
For instance, the four-velocity from the chiral representation is u0 = χ†

LχR +χ†
RχL = 1, ui =

χ†
Lσ

iχR − χ†
Rσ

iχL = 0 for a spin up particle at rest χL = χR = 1√
2(1 0)⊤, while the spin

pseudo-vector is sµ = (0, 0, 0,+1
2).

2.3 Natural U(1, 3) group in gravity

Let (M, g) represent an oriented Lorentzian 4-manifold with metric signature (+,−,−,−),
equipped with a spinor structure or an oriented loop space LM .

The real tangent bundle of M , denoted by TM , can be complexified to TcM = TM⊗C ∼=
Mc. Its associated frame bundle forms a principal GL(4,C)-bundle, written as Lc(M) →M .
The real Lorentzian metric g on TM extends naturally to TcM as a Hermitian form:

g(a+ ix, b+ iy) = g(a, b) + g(x, y)− ig(x, b) + ig(a, y),

where a, b, x, y are real vector fields on M . This extension preserves the Lorentzian signature
(+,−,−,−) while introducing a consistent framework for handling complexified spacetime
geometries.

Reducing Lc(M) →M to a principal U(1, 3)-bundle requires preserving the Hermitian
structure of the metric. Additionally, the volume form defined by g and the orientation of M
reduces the structure group further to SL(4,C). Combining these reductions, one obtains a
principal bundle with structure group U(1, 3) ∩ SL(4,C) = SU(1, 3).4

The Levi-Civita connection
◦
D induced by g extends to TcM as

◦
Dc, serving as a torsion-

free reference connection among all possible SU(1, 3) connections on TcM . This torsion-free
extension ensures compatibility between the classical geometry of M and the complexified
spacetime.

3These quantities arise from bilinear covariants constructed with Clifford algebra, providing a coordinate-free
geometric interpretation.

4According to [36, Proposition 5.6], such a reduction corresponds to a global section of the bundle of
oriented orthonormal frames over M . Formally, this section exists if and only if

Lc(M)×GL(4,C)/SU(1, 3)
GL(4,C) →M,

where GL(4,C) acts on GL(4,C)/SU(1, 3) via left multiplication.
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Within this framework, the gauge theory of the non-compact group U(1, 3) is considered, a
topic that has long been debated in relation to the properties of quantum field theories (QFTs)
based on such gauge groups [28, 37, 38]. Managing the non-compact nature of these groups
often requires gauge-fixing methods, such as the Faddeev-Popov procedure, where ghost fields
and techniques like the Lorenz gauge ensure unitarity and identify the physical degrees of
freedom [39, 40]. While addressing the complexities of quantization is outside the scope of this
work, we assume a framework bridging the classical SU(1, 3) YM formalism with a gauge-like
treatment of teleparallel gravity, as described in [29]. The analogy to chromodynamics
motivates the term colored gravity, emphasizing its connection to the strong force.

For simplicity, we take M ∼= M to be Minkowski spacetime, which is a parallelizable and
non-compact manifold. This allows for a global section of the frame bundle, thereby admitting
a spinor structure. The spinor structure is essential for defining a U(1, 3)-colored connection,
which governs the parallel transport and covariant differentiation of spinor fields. At this
stage, perturbations of the Minkowski metric involving spinors are considered negligible for
the purpose of defining the spin structure.

3 Colored gravity

3.1 A gauge-like treatment of gravity

The colored gravity theory proposed by [29] is based on the idea of a classical-to-quantum
bridge between the SU(1, 3) YM gauge formalism and the gauge-like treatment of teleparallel
gravity. This framework provides a novel unification by linking an extended TEGR to a
U(1, 3)×U(1, 3) gauge theory, offering a reinterpretation of gravity as a gauge-like interaction
(see details in appendix A).

Particularly, spacetime algebra extended with the Weitzenböck connection can be assimi-
lated to a local complexification based on the SU(1, 3) YM theory producing Maxwell-like
dynamics [30, 31, 41]. As mentioned in section 2.3, the pseudo-unitary group U(1, 3) is
naturally found in the complex hyperbolic space CH3, also noted as H3

C. This space, char-
acterized as a Kähler manifold [42, 43], possesses three mutually compatible structures: a
complex structure, a Riemannian structure, and a symplectic structure, making it a versatile
mathematical framework for exploring unified theories. In colored gravity, YM dynamics
emerges from locally-deformed tetrads, recovering features of classical electrodynamics [29].
The term ‘deformation’ here refers to how the U(1,3) gauge potential Aµ extends the space-
time algebra, modifying both spinor frames and local geometric structures. While formally
analogous to YM fluctuations — where the background remains Minkowskian but acquires
gauge corrections [44, 45] — this framework extends beyond small deviations to encompass
finite deformations of the algebraic structure under u(1, 3) symmetry.

3.2 Transformed spinors

Let Ψ = {ψn}4n=1 be a multiplet of four Dirac spinors on M , where each spinor ψn consists
of four components and represents fermionic fields. These spinors can be written as |Ψ⟩ ∈
M4(C) = C × Cl1,3(R, g). The total spin of Ψ ranges from −2 to 2, and the spinor fields
describe particles with the same energy m > 0, encoded in the four-momentum m, satisfying

– 7 –
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m · m = m214. The components of m are given by mµ = m · γµ, linked to the classical
momenta by mµ = muµ14 := m

dxµ

dτ 14. Consequently, the velocity is u := m/m = γµuµ,
and the spacetime element is dτ := γµdx

µ, leading to:5

Ψ = exp (−im · dτ )Ψ0(m). (3.1)

This phase formalism elegantly links the momentum of spinor fields to spacetime evolution.
The gauge potential A = Aµγ

µ is also expressed via the spacetime algebra [46], where
A = Aµdx

µ ∈ Ω1(M, u(1, 3)) represents a connection on the U(1, 3)-bundle with components
Aµ = AI

µℓI in a basis {ℓI}15I=0 of u(1, 3). The gauge fields are assumed to transform under
the adjoint representation of U(1, 3), in line with standard treatments of gauge fields in
YM theories (appendix A.1 and B). The origin A(0) of the U(1, 3) gauge potential can
be defined using covariant Liénard-Wiechert or Cornell-like forms. Normalized using the
quadratic Casimir operator, we will choose an origin A(0) proportional to the momentum
m = mµγµ = mµγ

µ as follows:

A(0) ≡ q

κm = q

κm2 m ∈ M4(C),

where q is the U(1, 3) coupling constant (or from the subgroup considered) and κ = 8πG
is the gravitational constant, built with the Newtonian constant G.

The associated covariant derivative transforms as ∇µ = ∂µ − iqAµ, introducing a phase
φ(x) = −qAµdx

µ into the spinor field. This yields the unitary transformation U(x) =
exp(iφ(x)) and the transformed spinor

Ψ 7→ Ψ̂ := U(x)Ψ = exp (−i (m · γµ + qAµ) dxµ)Ψ0(m). (3.2)

The covariant derivative ∇µ remains symmetric under the transformation, Ψ̂†∇̂µΨ̂ = Ψ†∇µΨ,
where ∇̂µ = U(x)∇µU

†(x). The unitary operator U †(x) is connected to the Wilson loop
and generalizes the Aharanov-Bohm effect [47].

The compensatory phase φ(x) modifies the spacetime generators γµ, resulting in the
deformed generators

γµ 7→ γ̂µ := γµ + κAµ · A(0) = γµ +Aµ · q

m
, (3.3)

where 1/m := m/m2. Similarly, the momentum m and velocity u are transformed as

m 7→ m̂ := m + qA, u 7→ û := m̂
m

= u + qA
m
.

Thus, the transformed velocity satisfies

uµ 7→ ûµ := u · γ̂µ = 14uµ +Aµ
q

m
, (3.4)

where ûµ ∈ R ⊕ u(1, 3)/R = R ⊕ su(1, 3).6 This demonstrates how spacetime translations,
such as δx̂ = û δτ = γµûµδτ , extend naturally within the new framework, generalizing

5We introduce the spacetime dependence of a spinor field as a phase-displacement operator exp (−im · dτ )
applied to the initial phase Ψ0(m).

6Here, R is regarded as a subspace of gl(4,C) via the injection a 7→ a14.
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the Poincaré algebra.7 These constructions provide a geometric foundation for describing
transformed spinor dynamics in curved or complexified spacetime geometries.

In our framework, U(1,3) gauge fluctuations modify the spacetime algebra itself (eq. (3.3)),
unlike YM theories, where fluctuations occur on a fixed background. This aligns with
teleparallel gravity, where the gauge connection directly determines the spacetime geometry
through torsion.

3.3 Colored metric

As a result, if we denote by Â := A − A(0) the relative gauge with coordinates Âµ := Â · γµ,
the final metric components are

gµν = γ̂µ · γ̂ν = ηµν14 − κÂµ · Âν + κAµ(0) ·Aν(0)
= ηµν14 − κAµ ·Aν + 2qA(µuν)/m, (3.5)

where Aµ = A · γµ is a U(1, 3) gauge potential (boson), and the last term represents a
gravitational source at the potential origin. The first perturbation term, Aµ ·Aν , corresponds
to a gravitation spacetime linked to a pair of entangled bosons (i.e., a candidate for a graviton).

Given that A ∈ u(1, 3) and u ∈ R1,3, fluctuations of the complexified metric can be
symbolically expressed as

g ∼ η +A⊗A ∼ η + (u⊕A)⊗ (u⊕A),

where η is the background Minkowski metric. These fluctuations, mapped through canon-
ical tensor product isomorphisms, correspond to elements of the extended tensor space(
R1,3 ⊕ u(1, 3)

)
⊗
(
R1,3 ⊕ u(1, 3)

)
, significantly broadening the conventional scope of the

tensor space R1,3 ⊗ R1,3.

Geometrical description. In this formulation, there is an operational equivalence between
the torsion 2-form (field strength of our extended TEGR) and the U(1, 3) field strength,
which is geometrically interpreted as a curvature 2-form (appendix A.3, eq. (A.8)). Here, the
double-copy of gauge fields A ∈ u(1, 3) plays the role of coupled torsion fields. This allows
us to metaphorically represent the extended metric as a double helix structure, formed by
pairs A⊗A of entangled u(1, 3) vector fields, instead of the classical rotated-transportation
analogy of ‘spatial curves with torsion’.

Physical description. The entangled8 pairs are physically interpreted as bosons (e.g.,
photons in QED), which act as virtual particles facilitating interactions within the extended
symmetry group of spacetime. In a more general sense, these fields correspond to the
connection of a double-copy gauge transformation governed by an extended Poincaré algebra
R1,3 ⊕ u(1, 3).

7Although the spacetime coordinates are formally expressed using spinors, the formulation retains a classical
Lorentz-invariant structure via Clifford algebra.

8The term “entangled bosons” is used metaphorically to describe coupled gauge field components A(µAν) in
the linearized gravity g ∼ η +A⊗A. While evocative of quantum language, the theory remains classical here,
and the graviton is interpreted as an effective geometric excitation that requires future quantum interpretations
in a separate paper.
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Classical limit. When metric fluctuations are restricted to diagonal components, the
resulting metric generates a Cl4(C) algebra defined by {γ̂µ}3µ=0. This framework recovers
classical geometrical structures, such as the Kaluza-Klein metric and the Kerr-Schild form (or
their Kerr-Schild-Kundt perturbations), where g ∼ η +A⊗A. Prominent examples include
the Kerr-Newman and Reissner-Nordström black holes [48].

Therefore, we need to distinguish between simple and extended gravity. For simple (or
classical) gravity, only identity-proportional terms in A⊗A can effectively interact with the
classical sector of the metric 14ηµν and velocity 14uµ components by injection 14a 7→ a ∈ R.
In this sense, classical gravity is an Abelian case of deformations in the extended metric via
the U(1,3) gauge symmetry, like electromagnetism [29]. The only difference is the double
copy of the gauge field A(µAν) required in the metric tensor (spin 2) versus the unique field
Aµ for the limit approaching electromagnetism. Therefore, the graviton is not a fundamental
particle in this proposed framework, but it is a bilinear composition of gauge bosons (e.g.
photons), which should be further explored to see whether they are extended to non-Abelian
sectors at unification energy scales.

At the current stage of the work presented in the following sections, all developments of
SM embedding are limited to the first generation of fermions, excluding graviton interactions.
However, extensions of the model could be explored with horizontal (flavor) symmetries from
the second part of the double copy mentioned above, enabling a composed hypercolor-flavor
graviton. Although interesting, these points are beyond the scope of this article.

4 Embedding of SM generators

For the matrix representation of the u(1,3) algebra, we select an orthonormal base B

of four elements so called 1 ‘lepton’ (l) and 3 ‘colors’ (r, g, b) to identify with the (1,3)
signature of the metric, which is B = {|l⟩ , |r⟩ , |g⟩ , |b⟩} and their corresponding dual basis
B† = {⟨l̄| , ⟨r̄| , ⟨ḡ| , ⟨b̄|}. The group linked to this algebra is acting on the four-dimensional
Dirac spinors ψ = (ψL, ψR), where ψL and ψR are two-component Weyl spinors. We then
consider the state configuration |Ψ⟩ of a multiplet Ψ consisting of four Dirac spinor fields
Ψ = (ψ1, ψ2, ψ3, ψ4)B, each with two possible states, up and down (|⇑⟩ , |⇓⟩) for both the
lepton and color elements, and |0⟩ represents an empty state.9 For instance, consider the
following initial up-down balanced configuration (with normalization omitted):

|Ψ⟩ =


|⇓⟩
|⇑⟩
|⇓⟩
|⇑⟩


B

= |⇓⟩ ⊗ |l⟩︸ ︷︷ ︸
⇓l

+ |⇑⟩ ⊗ |r⟩︸ ︷︷ ︸
⇑r

+ |⇓⟩ ⊗ |g⟩︸ ︷︷ ︸
⇓g

+ |⇑⟩ ⊗ |b⟩︸ ︷︷ ︸
⇑b

. (4.1)

Let {dφI(x)}15I=0 represent a set of 16 infinitesimal angles or real phases of Ψ at the
position x ∈ R1,3. Then, consider it as a transformation produced by the unitary operator
U(x) = exp(idφI(x)ℓa) ∈ U(1, 3), where {ℓa}15I=0 is the set of generators of the non-compact

9To become familiar with this selection, one can consider the isospin to interpret the up and down states
of the lepton element as the neutrino (ν) and the electron (e), respectively, while the states for the colors
correspond to the quark flavors, up (u) and down (d).
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U(1, 3) group. In other words, they allow its unitary relation U †(x)η1,3U(x) = η1,3 with
Hermitian adjoint operator U †(x) := exp(−idφI(x)ℓa), and therefore satisfy the hermiticity
condition (ℓI)† = ηℓIη

−1. Therefore, these generators are 15 traceless (i.e. ensuring detU = 1)
from SU(1, 3) ⊂ U(1, 3) and 1 generator equivalent to the identity from U(1) symmetry.

To display a matrix representation, we choose the scaling 1
2 in order to obtain a trace-

relation normalization of Tr(ℓIℓj) = 1
2δIJ . They can be classified into five categories:

1. U(1)Γ simple symmetry: the identity generator ℓ0 = Γ0 linked to a U(1) gauge
potential Bµ → Aµ

U(1) = BµΓ0 is

Γ0 =
1

2
√
2


1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

 = 1
2
√
2
(|l⟩ ⟨l̄|+ |r⟩ ⟨r̄|+ |g⟩ ⟨ḡ|+ |b⟩ ⟨b̄|), (4.2)

This generator is responsible of the classic gravity within the U(1, 3) colored gravity
(eq. (3.5)).

2. SU(3)λ strong symmetry: a subset of 8 objects {ℓa}8a=1 corresponds to the generators
of the compact subgroup in SU(1, 3), which can be located in the lower 3 × 3 block
of the matrices that are totally lepton-decoupled and mimic the SU(3) Gell-Mann
matrices {λa}8a=1 and their gauge potentials {Gµ

a}8a=1 to represent Aµ
SU(3) =

∑8
a=1G

µ
aλa.

Abusing the notation, we will say that {ℓa}8a=1 ≡ {λa}8a=1 although the last three where
conveniently modified:

λ1 =
1
2


0 0 0 0
0 0 1 0
0 1 0 0
0 0 0 0

 , λ2 =
1
2


0 0 0 0
0 0 −i 0
0 i 0 0
0 0 0 0

 , λ3 =
1
2


0 0 0 0
0 1 0 0
0 0 −1 0
0 0 0 0

 ,

λ4 =
1
2


0 0 0 0
0 0 0 1
0 0 0 0
0 1 0 0

 , λ5 =
1
2


0 0 0 0
0 0 0 −i
0 0 0 0
0 i 0 0

 , λ6 =
1

2
√
3


0 0 0 0
0 1 0 0
0 0 1 0
0 0 0 −2

 ,

λ7 =
1
2


0 0 0 0
0 0 0 0
0 0 0 1
0 0 1 0

 , λ8 =
1
2


0 0 0 0
0 0 0 0
0 0 0 −i
0 0 i 0

 .

(4.3)
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3. One U(1)y hypercharge symmetry: a non-compact representative yw of su(1, 3) is
also diagonal like λ6 and λ3, and it is isomorphic to the unit:

yw = 1
2
√
6


−3 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

 . (4.4)

Like the Γ0, the operator yw is coupled to the lepton sector (i.e. first row/column) as a
part of the electroweak interaction. At this point we define total U(1) symmetry as
(U(1)Γ × U(1)y) /Z2, with the following u(1) algebra representative:

χ± = ±1
2(
√
2Γ0 +

√
6yw) =

1
2


−1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

 . (4.5)

This object recovers the signature of the spacetime and, at rest, induces a symmetry
to keep the spatial components together. On the other hand, the yw operator is also
fundamental for defining six completely-diagonal operators:

z±↓↑↓↑ := ±1
3(
√
6yw −

√
3λ6 + 3λ3) (4.6)

z±↓↓↑↑ := ±1
3(
√
6yw −

√
3λ6 − 3λ3) (4.7)

z±↓↑↑↓ := ±1
3(
√
6yw + 2

√
3λ6) (4.8)

where Tr(z±↓↑↓↑z
±
↓↑↓↑) = Tr(z±↓↓↑↑z

±
↓↓↑↑) = Tr(z±↓↑↑↓z

±
↓↑↑↓) = 1 = Tr(χ±χ±). Due to its role

in these equations, we define weak hypercharge as10

YW := 1
3
√
6yw = 1

6


−3 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

 . (4.9)

Operators of eq. (4.6)–(4.8) are useful to obtain eigenvalues of the multiplets.
For instance, consider |Ψ⟩ = |Ψ+⟩ := (|⇓⟩ , |⇑⟩ , |⇓⟩ , |⇑⟩)B, or |Ψ⟩ = |Ψ−⟩ :=
(|⇑⟩ , |⇓⟩ , |⇓⟩ , |⇑⟩)B.11 For |Ψ+⟩, we will use z+↓↑↓↑ since its eigenvectors are
⇑l:= (|⇓⟩ , |0⟩ , |0⟩ , |0⟩), ⇑r:= (|0⟩ , |⇑⟩ , |0⟩ , |0⟩), ⇓g:= (|0⟩ , |0⟩ , |⇓⟩ , |0⟩), and ⇑b:=

10For left-chiral fermions (eL, uL, dL, uL), the weak hypercharge will be YW = 1
2 (−1, 1

3 ,
1
3 ,

1
3 ) in this paper.

11Following the same familiar example above, |Ψ+⟩ = (|⇓⟩ , |⇑⟩ , |⇓⟩ , |⇑⟩)B corresponds to a proton
(|⇑⟩ , |⇓⟩ , |⇑⟩) together with an electron (|⇓⟩), while |Ψ−⟩ = (|⇑⟩ , |⇓⟩ , |⇑⟩ , |⇓⟩)B is a neutron (|⇓⟩ , |⇑⟩ , |⇓⟩)
with a neutrino (|⇑⟩).
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(|0⟩ , |0⟩ , |0⟩ , |⇑⟩), so
z+↓↑↓↑ ⇓l = −1

2 ⇓l,

z+↓↑↓↑ ⇑r = +1
2 ⇑r,

z+↓↑↓↑ ⇓g = −1
2 ⇓g,

z+↓↑↓↑ ⇑b = +1
2 ⇑b .

(4.10)

Therefore, for our initial configuration |Ψ+⟩ = (|⇓⟩ , |⇑⟩ , |⇓⟩ , |⇑⟩)B , we identify the third
weak isospin component T3 = z+↓↑↓↑ and the electric charge can be finally defined as
Q = T3 + YW .12

4. First part of 3 × SU(2)w weak symmetries: also interacting with the lepton
sector, another subset of 3 non-compact rotation generators can be identified among
the SU(1, 3) generators as follows, one per each color linked:

w±
1,r = ±1

2


0 1 0 0
−1 0 0 0
0 0 0 0
0 0 0 0

 , w
±
1,g = ±1

2


0 0 1 0
0 0 0 0
−1 0 0 0
0 0 0 0

 , w
±
1,b = ±1

2


0 0 0 1
0 0 0 0
0 0 0 0
−1 0 0 0

 , (4.11)

that can be physically interpreted as responsible of SU(2) decay procedures, since they
have correspondence with three ladder operators:

T±
r = w±

1,r ±
1
2(
√
3λ6 − λ3), (4.12)

T±
g = w±

1,g ±
1
2(
√
3λ6 + λ3), (4.13)

T±
b = w±

1,b ± λ3. (4.14)

The T±
r and T±

b operators can apply to initial-configuration eigenvalues
±(−1

2 ,+
1
2 ,−

1
2 ,+

1
2), while T±

b applies to ±(−1
2 ,−

1
2 ,+

1
2 ,+

1
2). For example, consider

the operator T±
r acting on |Ψ±⟩, so

T+
r |Ψ+⟩ = T+

r (|⇓⟩ , |⇑⟩ , |⇓⟩ , |⇑⟩)B →
→ (|⇑⟩ , |⇓⟩ , |⇓⟩ , |⇑⟩)B = λ7 |Ψ−⟩

T−
r |Ψ−⟩ = T−

r (|⇑⟩ , |⇓⟩ , |⇑⟩ , |⇓⟩)B →
→ (|⇓⟩ , |⇑⟩ , |⇑⟩ , |⇓⟩)B = λ7 |Ψ+⟩ ,

where the sign + or − only depends on the initial configuration of |Ψ±⟩.13 The
corresponding eigenvalues (action of z±↓↑↓↑) have been omitted by simplicity.

12In our case, the factor 1
2 of the SM equation Q = T3 + 1

2YW is absorbed by the definition of YW and the
electric charge of |Ψ+⟩ is then Q(|Ψ+⟩) = (−1,+2/3,−1/3,+2/3), as expected.

13Notice that our initial configuration does not allow the action of T±
g as the green position is not up.
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5. Second part of 3× SU(2)w weak symmetry: finally, a subset of 3 non-compact
generators corresponds to boosts between lepton/time and color/spatial components:

w±
2,r = ±1

2


0 i 0 0
i 0 0 0
0 0 0 0
0 0 0 0

 , w
±
2,g = ±1

2


0 0 i 0
0 0 0 0
i 0 0 0
0 0 0 0

 , w
±
2,b = ±1

2


0 0 0 i

0 0 0 0
0 0 0 0
i 0 0 0

 . (4.15)

These generators are part of three subalgebras, su(2)r, su(2)g, and su(2)b, isomorphic to
su(2), whose representative bases are wc = {w±

0,c, w
±
1,c, w

±
2,c} for c ∈ (r, g, b) and diagonal

matrices w±
0,c defined from the hypercharge generator of the mixing U(1)y as follows:

w±
0,r = z±↓↑↓↑ ±

1
2(
√
3λ6 − λ3) = ±1

2


−1 0 0 0
0 1 0 0
0 0 0 0
0 0 0 0

 , (4.16)

w±
0,g = z±↓↓↑↑ ±

1
2(
√
3λ6 + λ3) = ±1

2


−1 0 0 0
0 0 0 0
0 0 1 0
0 0 0 0

 , (4.17)

w±
0,b = z±↓↑↓↑ ∓ λ3 = ±1

2


−1 0 0 0
0 0 0 0
0 0 0 0
0 0 0 1

 , (4.18)

These three independent generators (w±
0,r, w±

0,g and w±
0,b) complete the last part of

our triple su(2) algebra: su(2)r, su(2)g, su(2)b. However, the vector space of {w±
0,r, w±

0,g,
w±
0,b} is equivalent to the generated by {λ3, λ6, yw}, where two of them (λ3 and λ6) are

already used in the SU(3)λ symmetry. Thus, only one generator w±
0,c (from the three

colors c ∈ {r, g, b}) needs to be chosen to replace yw every time the SU(2)w symmetry
acts.
Therefore, we need to reduce the triple su(2) basis to just one effective algebra su(2)eff

w

by removing the choice of color,

su(2)eff
w := choice{su(2)r, su(2)g, su(2)b}, (4.19)

so we obtain the effective set of SU(2)w symmetry generators. Using any of the
three equivalent bases wc with c ∈ {r, g, b}, the gauge potential can be defined as
Aµ

SU(2) = Wµ
a w

a
c , where wa

c is an element of the basis wc = {wa
c}3a=1 for c ∈ {r, g, b}.

If the colors are assumed to be equiprobable (e.g. in a lepton-lepton interaction), the
effective basis of our su(2) becomes a 1

3 -weighted mixture of

{w±
2,r, w

±
2,g, w

±
2,b; w

±
1,r, w

±
1,g, w

±
1,b; z

±
↓↑↓↑, λ

±
6 , λ

±
3 } =: wl. (4.20)
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Notice that z±↓↑↓↑ itself, or originally represented by yw, plays a central role in our su(2)
algebra by providing eigenvalues of the spinor multiplet, so it is expected to participate
in all the cases.

Therefore, the mapping of the lepton-decoupled SU(1, 3) generators to the 8 represen-
tatives of the su(3) algebra, plus the identification of the U(1)Γ generator and the effective
SU(2)w illustrate the embeddings of SU(3) and U(1)× SU(2) into U(1, 3). At this point, it is
important to note that the purely color generators of SU(3) ⊂ SU(1, 3) do not directly interact
with the lepton subspace, so they do not require a dedicated symmetry-breaking mechanism.
Only during the procedure of the operators {w±

i,c}2i=0 color generators play a role, which is just
to balance the spatial region after disequilibrium caused by the rotation/boost between the
lepton and color regions (which is interpreted as a decay procedure). Due to the non-compact
nature of the SU(1, 3) group, the lepton and hadron numbers are separately conserved.14

In contrast, the interactions between the diagonal generators Γ0 and z±↓↑↓↑ introduce a
potential mixing between the gauge potential Bµ of U(1)Γ and the Wµ

a bosons linked to wa
c in

SU(2). This results in weak interactions involving lepton-quark decays and supports the Higgs
mechanism for mass generation (section 5). Thus, the breaking U(1, 3) → SU(3)×SU(2)×U(1)
is also achieved through the Higgs mechanism as it preserves:

• The SU(3) subgroup acting purely on colors (eq. (4.3)),
• The SU(2)× U(1) subgroup generated by {w±

i,c, χ
±} (eqs. (4.11)–(4.18) and eq. (4.5)),

while breaking the remaining non-compact generators. This aligns with the SM gauge
structure and does not necessitate extra symmetry-breaking assumptions beyond those
implemented via the Higgs mechanism. In fact, although U(1, 3) has four more generators
than the SM gauge group, these do not necessarily correspond to additional observable
gauge bosons. The apparent redundancy is resolved through the color-linked embedding of
SU(2) interactions, where multiple copies of weak generators (e.g., W±) act on different color
directions. After spontaneous symmetry breaking, these degrees of freedom are effectively
unified through an appropriate mixing (see eq. (4.20)), and the theory reproduces the SM
boson spectrum without requiring additional physical gauge fields.

5 The Higgs mechanism in U(1, 3)

5.1 Embedding Higgs fields

Let ϕ1(x), ϕ2(x), ϕ3(x) and ϕ4(x) be four scalar fields involved in the Higgs mechanism. Under
the U(1, 3) framework, it is expected that these scalar fields couple different components of the
u(1, 3) multiplet and facilitate the spontaneous breaking of the SU(2)×U(1) symmetry down to
a residual SU(2) weak interaction and a U(1) group identified with electromagnetism. Firstly,
a scalar field matrix Φ(x) is constructed by excluding the rotation/boost operators (w1,c, w2,c)
and then by combining complementary generators of U(1, 3), which couple the lepton state |l⟩
(associated with the time-like component) and the three color states {|r⟩ , |g⟩ , |b⟩} (associated
with the spatial directions), multiplied by the four real scalar fields ϕ1(x), ϕ2(x), ϕ3(x), and

14Therefore, free proton does not decay in this theory. Moreover, the electron-proton configuration (|Ψ+⟩)
is expected to be more stable than the neutrino-neutron configuration (|Ψ−⟩) due to the electric charge dipole
of the first.
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ϕ4(x). The resulting scalar field matrix can be written in terms of four real matrices: two with
diagonal elements, M1 :=

√
2Γ0 + λ4 and M2 := z−↓↑↓↑ − λ4, and other two purely off-diagonal

matrices, M3 := iλ2 − iλ8 and M4 := λ1 + λ7. Using these, we define four versions of Φ,
related to the interactions of Ψ± ↔ Ψ± and Ψ± ↔ Ψ∓:

Φ++ := ϕ1M1 + ϕ2 iM2 + ϕ3M1 + ϕ4 iM2

Φ−− := ϕ1M1 − ϕ2 iM2 − ϕ3M1 + ϕ4 iM2

Φ+− := ϕ1M4 − ϕ2 iM3 + ϕ3M2 − ϕ4 iM1

Φ−+ := ϕ1M4 − ϕ2 iM3 − ϕ3M2 + ϕ4 iM1

(5.1)

Eq. (5.1) produces four 4 × 4 matrix representation of Φ(x) with nonzero entries in the
purely-color block and anothe nonzero element in the purely-lepton position, that is:

Φ++ = 1
2


ϕ0 0 0 0
0 ϕ∗0 ϕ+ ϕ∗0

0 ϕ+ ϕ0 ϕ+

0 ϕ∗0 ϕ+ ϕ∗0

 , Φ−− = 1
2


ϕ∗0 0 0 0
0 ϕ0 ϕ+ ϕ0

0 ϕ+ ϕ∗0 ϕ+

0 ϕ0 ϕ+ ϕ0



Φ+− = 1
2


ϕ+ 0 0 0
0 ϕ+ ϕ0 ϕ+

0 ϕ∗0 ϕ+ ϕ∗0

0 ϕ+ ϕ0 ϕ+

 , Φ−+ = 1
2


ϕ+ 0 0 0
0 ϕ+ ϕ∗0 ϕ+

0 ϕ∗0 ϕ+ ϕ0

0 ϕ+ ϕ∗0 ϕ+



(5.2)

where ϕ+(x) and ϕ0(x) are respectively the charged and the neutral components, conveniently
defined as follows:

ϕ0(x) = ϕ1(x) + iϕ2(x), ϕ+(x) = ϕ3(x) + iϕ4(x)
ϕ∗0(x) = ϕ1(x)− iϕ2(x), ϕ+(x) = −ϕ3(x) + iϕ4(x).

(5.3)

Then, the components of Φ(x) can be mapped to a Higgs field doublet:

H(x) =

ϕ+(x)
ϕ0(x)

 (5.4)

Here, the Higgs doublet transforms under a chosen SU(2) ⊂ U(1, 3) within the Φ structure
(eq. (5.1)), ensuring that H(x) encodes the correct representation of the symmetry-breaking
dynamics. The main role of the Higgs field is played by the scalar fields ϕ1 and ϕ2, which
represent self-interactions in the spinor fields. These fields contribute to the symmetry-
breaking process by introducing mass terms for gauge bosons. The fields ϕ3 and ϕ4 complete
the definition of Φ(x) in eq. (5.1), coupling the time-like lepton state |l⟩ and the space-like
color states |r⟩ , |g⟩ , |b⟩. These interactions are mediated by the non-compact generators of
su(1, 3), providing a bridge between time-like and spatial elements.

All scalar fields involved in the Higgs mechanism could, in principle, be defined in-
dependently. However, their embedding into the symmetry algebra via the non-compact
generators of su(1, 3) adds crucial value, allowing consistency within the group structure and
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defining their interactions with spinors and gauge bosons. This embedding enhances the
theoretical framework by offering a consistent mathematical structure for symmetry breaking
and interaction mediation, while also extending the standard Higgs mechanism.

5.2 Yukawa-like Lagrangian

In our framework, the spinoral states |Ψ−⟩ = 1√
2(⇑,⇓,⇑,⇓) and |Ψ+⟩ = 1√

2(⇓,⇑,⇓,⇑)
15 are

organized similarly to the Dirac spinor multiplet Ψ = (ψ1, ψ2, ψ3, ψ4). These spinoral states
represent distinct configurations of particle flavors in the multiplet. If the left-hand and
right-hand projectors are applied as Ψ±

L := PLΨ± and Ψ±
R := PRΨ±, the interaction between

Φ(x) and the spinors is given by terms of the form:

LYukawa-like = −⟨Ψ̄±
L |Φ±±y |Ψ±

R⟩+ ⟨Ψ̄∓
L |Φ±∓y |Ψ±

R⟩+ h.c.. (5.5)

Here, Ψ̄ represents the Dirac adjoint of Ψ, ensuring proper Lorentz invariance of the interaction
terms. The matrix y = diag(y1, y2, y3, y4) contains the Yukawa coupling constants, which
control the strength of the interaction for each particle flavor. The Hermitian conjugate
(h.c.) term ensures the Lagrangian is real, maintaining consistency with physical observables.
This formulation highlights the interplay between the scalar field and the spinoral multiplet,
representing a fundamental mechanism for mass generation within the framework.

For instance, the well-known first generation of the SM includes two flavors of leptons
(ν and e) and two other flavors for quarks (u, d), corresponding to the states ⇑ and ⇓,
respectively. Then, one can identify |Ψ+⟩ = 1√

2(e, u, d, u) and |Ψ−⟩ = 1√
2(ν, d, u, d) and

consequently eq. (5.5) can be compactly summarized by using a unique pseudo16-multiplet
|Ψ̂⟩ = 1√

2(ν, e, u, d) as follows:

LYukawa-like = −⟨ ¯̂ΨL| Φ̂(x)ŷ |Ψ̂R⟩+ h.c.,

Φ̂(x) := 1
2


ϕ∗0 ϕ+ 0 0
−ϕ∗+ ϕ0 0 0
0 0 ϕ∗0 ϕ+

0 0 −ϕ∗+ ϕ0


(5.6)

where ŷ = diag(yν , ye, yu, yd). Now, both the lepton and color regions are 2 × 2 blocks.
Moreover, it is assumed the possible existence of the sterile neutrino νR [49]. The Lagrangian
describing the Higgs field and its interactions is given by LHiggs = |DµH|2 − V (H), where
the covariant derivative Dµ introduces the well-known gauge interactions DµH = ∂µH −
iqSU(2)WµH − iqU(1)BµH and the potential V (H) can be constructed to allow spontaneous
symmetry breaking, as usual, V (H) = −µ2H†H + λ(H†H)2. At the minimum of this
potential, the Higgs doublet acquires a nonzero vacuum expectation value (VEV) such
as ⟨H⟩ = 1√

2(0, v), where v =
√
−µ2/λ represents the energy scale at which the U(1, 3)

symmetry breaks down to a residual U(1)Γ. The charged component ϕ+ vanishes in vacuum,
preserving charge conservation.

15Now, with normalization factor 1√
2 for convenient expression in the Lagrangian.

16This is a pseudo-multiplet in the context of SU(1, 3) theory because is using a base with two leptons
instead of just one like in the natural base of this theory.
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This standard formulation, now with embedded scalars in Φ, ensures that the Higgs
mechanism provides masses to gauge bosons associated with broken symmetry generators
while maintaining gauge invariance in the underlying framework. Additionally, the resulting
scalar potential V (H) naturally facilitates the emergence of a single physical scalar field,
the Higgs boson, after symmetry breaking.

The spontaneous breaking of symmetry gives masses to the gauge bosons linked to the
broken generators. Specifically, the ladder operators T±

r , T
±
g , T

±
b , analogous to the W± bosons

in the SM, acquire masses via their interactions with the Higgs VEV:

mW = 1
2qSU(2)v. (5.7)

These operators mediate transitions between the lepton state |l⟩ and the color states
{|r⟩ , |g⟩ , |b⟩}, forming the foundation for charged current interactions. Their mass terms
arise from the interaction:

q2SU(2)vhW
+
µ W

−µ, (5.8)

where h(x), the physical Higgs boson, represents fluctuations around the VEV:

H(x) = 1√
2

 0
v + h(x)

 . (5.9)

The Goldstone bosons corresponding to the broken symmetry generators are absorbed by
the W± and Z bosons [50], giving them mass while leaving one physical scalar degree of
freedom, h(x), in the spectrum. The Φ field is finally

Φ++ = Φ−− = ϕ1 · (
√
2Γ0 + λ4)

Φ+− = Φ−+ = ϕ1 · (λ1 + λ7)
(5.10)

where ϕ1 = v+h(x) is the residual Higgs field, and {λa}a∈{1,4,7} encodes redundant information
relative to

√
2Γ0. This means that the information on spinor interactions encoded by Φ±∓

is already embedded in the sub-blocks of Φ±±. Consequently, Φ±± ∼
√
2Γ0 becomes the

primary representative of the Higgs field in the U(1, 3) framework. The Higgs boson, aside
from color rotations, is determined by mixing the Bµ boson (linked to Γ0).

5.3 Prediction of the Weinberg angle

In this section, we provide details on a direct prediction of the weak mixing angle, or Weinberg
angle, without considering quantum corrections. Theoretically, the Weinberg angle θW is
related to the gauge coupling constants through:

sin2 θW =
q2U(1)

q2U(1) + q2SU(2)
, (5.11)

where qU(1) and qSU(2) are the effective coupling constants for the U(1) and SU(2) gauge sectors,
respectively, derived from trace-based normalization (fU(1) and fSU(2)) of their generators.
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Legend:
Best estimation

Statistical uncertainty

Total uncertainty

This work: predictions

Other predictions

0.210 0.214 0.218 0.222 0.226 0.230 0.234 0.238 0.242 0.246 0.250

Figure 1. Comparison of theoretical predictions of sin2 θW from colored gravity (dashed lines) and
other GUT proposals (dotted lines), with respect empirical estimations (table 1) represented in filled
blue circles and uncertainty levels (horizontal lines). The SM prediction is added with its estimated
uncertainty range (vertical light blue bland at 0.23152 ± 0.00010). The U(1, 3)-based predictions
are 0.2308 (light green dashed line), which is separated on 0.5 to 2 σ with respect to observations,
and about 0.222 (yellow dashed line) that is in 3σ tension. Maximum prediction corresponds to
sin2 θW = 0.25 (dark green dashed line).

Using the relationship between the coupling constants and their normalization, we factor-
ize qU(1) = fU(1)qU(1,3) and qSU(2) = fSU(2)qU(1,3), as two functions of the unknown coupling
constant qU(1,3) that describes the interaction strength with the spinor fields. Consequently,
the Weinberg angle can also be expressed in terms of fU(1) and fSU(2). It should be noted
that the contributions from the configurations + and − are totally symmetric and produce
exactly the same result. Considering only the SU(2) basis wb, the maximum expected value
for the weak mixing angle is obtained:

sin2 θmax
W =

f2U(1)
f2U(1) + f2SU(2)

= Tr(Γ0Γ0)
Tr(Γ0Γ0) +

∑3
a=1 Tr(wa

bw
a
b )

=

=
1
2

1
2 + 3

2
= 1

4 .
(5.12)

Thus, the predicted value of sin2 θW = 0.25 is reasonably close to the experimentally measured
value of 0.231 (table 1, figure 1). The discrepancy arises from the additional contributions
from the U(1, 3) structure that might modify the coupling constants. Specifically, the non-
compact region provides three subgroups of SU(2)×U(1) with a total of eight gauge fields
that are mixed (appendix B): by internal symmetry, two of them are rotated, while six are
merged in two effective bosons, that is, a third of the initial fields.

Therefore, assuming complete mixing of the colors in lepton-lepton interactions, the
effective basis of su(2) is a 1

3 -weighted mixture of wl (eq. (4.20)) and the effective Weinberg
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angle is given by

sin2 θeff
W = Tr(Γ0Γ0)

Tr(Γ0Γ0) + 1
3
∑9

a=1 Tr(wa
l w

a
l )

=

=
1
2

1
2 + 1

3(8 ·
1
2 + 1)

= 6
26 ≈ 0.2308.

(5.13)

Here, all the basis elements of wl contribute 1
2 = Tr(wa

l w
a
l ) except z±↓↑↓↑, which contributes

1 (eq. (4.6)). The resulting value of 0.2308 is in slight tension (between 0.5 and 2 σ) with
respect to the empirical estimations based on lepton-lepton experiments.

On the other hand, the minimum expected value when two colors are mixed would be

sin2 θmin
W =

1
2

1
2 + 1

2(5 ·
1
2 + 1)

= 2
9 ≈ 0.2222. (5.14)

This result is more aligned to the experiments based on weak interactions of quark-lepton
processes (table 1 lower), but is in tension between 3 and 4 σ with the best empirical
estimations.

Consequently, exploring the role of quantum corrections is necessary to explore whether
quantum corrections could reduce the theoretical tension between colored gravity and the
experimental value of the Weinberg angle. Moreover, the model also predicts that effective
bosons (W1 and W2) could be split into a total of six charged W bosons at high energies,
with the only difference testable in the color direction. The masses of these W bosons should
be identical, so just the mediation (or not) of detectable gluons could distinguish their color
direction before their final decay process.

5.4 Impact on the Lorentz invariance

The deformation of the spacetime generators γµ via the gauge potential Aµ introduces an
effective local frame γ̂µ, which in turn extends the four-velocity ûµ. This might suggest a
deviation from traditional Lorentz symmetry. However, the theory retains local Lorentz
invariance in the generalized sense: the extended frames transform covariantly under local
U(1, 3) transformations. The spontaneous breaking induced by the Higgs mechanism affects
internal gauge symmetries — such as SU(2) and SU(3) — but not the spacetime symmetry
group itself. Therefore, the appearance of massive gauge bosons (W, Z, gluons) reflects internal
symmetry breaking, not a violation of Lorentz invariance. Nonetheless, if components of Aµ

were to develop a spacetime-dependent or directional structure, this could lead to spontaneous
breaking of Lorentz symmetry with a potential quantum noncommutative interpretation.
Investigating this possibility requires analyzing the dynamical behavior of Aµ beyond the
classical level, a task we defer to future work.

6 Final remarks

The complexification of the Minkowskian metric for spinor fields leads to a natural U(1, 3)
symmetry that perturbs the spacetime generators. The gauge potential for the U(1, 3) group
can be decomposed as Aµ = Aµ

aℓ
a, where ℓa are the 16 generators of U(1, 3), and Aµ

a are the
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corresponding gauge fields. The embedding of standard SU(3) into U(1, 3) is achieved by
placing their generators in the spatial 3 × 3 blocks of the 4 × 4 matrix structure. On the
other hand, the embedding of U(1)× SU(2) is not direct and requires interactions between
specific subgroups and symmetry generators.

From the resulting hierarchy, the purely color generators of SU(3) ⊂ SU(1, 3) do not
directly interact with the lepton subspace. Only during the procedure of the SU(2) operators
{w±

i,c}2i=0, the color generators play a role of spatial rotations by balancing the disequilibrium
caused by the lepton-color interactions.

The Higgs mechanism in SU(1, 3) extends the SM by embedding its symmetry-breaking
structure into the larger gauge group. In this extended framework, the four scalar fields
ϕ1, ϕ2, ϕ3, ϕ4 are organized into a 4× 4 representation of the Higgs doublet that facilitates the
breaking of symmetry of the electroweak interaction. The non-compact generators mediate
the couplings necessary for this breaking, with the neutral component acquiring a VEV
to drive the process. This approach retains the essential features of the standard Higgs
mechanism while integrating it within a broader theoretical structure.

The predicted weak mixing angle sin2 θW is aligned to two different cases: a purely
lepton-lepton interaction (yielding a value statistically compatible with 0.231), and a hadron-
lepton interaction, which shows a tension of about 3σ with the best experimental observations.
Exploring quantum corrections could further refine these predictions and potentially resolve
the discrepancies.

This paper represents the initial development of a novel GUT proposal, with a natural
(spacetime-related) Lie algebra capable of integrating gravity and other fundamental forces.
The new theoretical framework could solve some existing open issues. For example, unlike
the SU(5) model, proton stability is naturally expected in the SU(1, 3) framework due
to the lepton-exclusion properties of its compact SU(3) subgroup. Moreover, while this
work is limited to the first generation of fermions, the model could be extended to three
generations via horizontal (flavor) rotations by taking advantage of the second part of the
double-copy gauge group.

Future research directions include exploring quantum corrections to the Weinberg angle,
better understanding flavor family mixing, and further embedding the Standard Model’s
interactions into this extended framework. Additionally, the quantization of the spacetime
metric, a critical challenge for any GUT when including gravity, will be evaluated in light
of our recent theoretical advancements. These explorations will also investigate connections
to quantum perspectives, such as the dynamics of causal structures and the implications
of quantum nonlocality [51]. The quantization of spacetime itself and its integration into a
comprehensive theory remain a pivotal challenge for this approach, paving the way for a deeper
understanding of the nature’s fundamental forces. Although the coordinates are spinor-valued
in this formalism, they encode geometric structures via Clifford algebra while retaining a
consistent classical limit. This direction offers a novel route to incorporate gravity and gauge
forces into a single algebraic framework. Thus, future developments may clarify how standard
model interactions and spacetime locality emerge from deeper spin-geometric principles.
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A Basics of U(1, 3) colored gravity

A.1 U(1, 3) gauge group

The group U(1, 3) is a non-compact unitary group that preserves a Hermitian form with
respect to the metric η = diag(1,−1,−1,−1) of signature (1, 3), and it is given by 16
generators {ℓa}15a=0 (section 4) that span the Lie algebra u(1, 3). Explicitly, for an element
U(x) = exp(iφa(x)ℓa) ∈ U(1, 3) with real parameters φa(x), the defining condition U †ηU = η

is satisfied. In turn, this leads to the hermiticity condition for the generators, (ℓa)† = ηℓaη
−1.

The measurement invariance for spinor fields when transformed as Ψ(x) → Ψ(x)′ =
U(x)Ψ(x) (section 3.2) leads to a covariant derivative ∇µ satisfying the (gauge) transformation
∇µΨ(x) 7→ (∇µΨ)′(x) = U(x)∇µΨ(x). This gauge covariant derivative must be ∇µ = 14∂µ −
iqU(1,3)Aµ for some real coupling constant qU(1,3) that describes the interaction strength
between the spinors Ψ(x) and the gauge fields Aµ = Aa

µℓa, which transfom as

Aµ 7→ A′
µ = UAµU

−1 + iq−1
U(1,3)(∂µU)U−1.

For infinitesimal parameters φa(x) ≪ 1, the group element approaches U(x) ≈ 14 + iφa(x)ℓa
and the (infinitesimal) adjoint transformation of the gauge field is:

Aµ 7→ A′
µ = Aµ + δAa

µℓa +O(φ2) with δAa
µ := q−1

U(1,3)∂µφ
a + fabcφbAc

µ, (A.1)

where fabc are the U(1, 3) structure constants of the group that satisfy the antisymmetric
relation [ℓa, ℓb] = ifabcℓc. The field strength tensor takes the usual YM form:

Fµν := iq−1
U(1,3)[∇µ,∇ν ] = ∂µAν − ∂νAµ + qU(1,3)[Aµ, Aν ],

While this is structurally analogous to gauge theories based on compact groups, care must
be taken due to the non-compactness of U(1, 3).

In particular, the Lie algebra of U(1, 3) possesses an indefinite Killing form, defined by
κab := Tr

(
ad(ℓa) ◦ ad(ℓb)

)
, where ad(ℓa) = [ℓa, · ] is the adjoint action. Consequently, inner

products and traces in the Lagrangian must be handled with this indefinite structure in
mind. Specifically, contractions involving the field strength components must respect the
group metric Fa

µνFaµν −→ κabFa
µνF bµν .

Thus, the YM Lagrangian density associated with the U(1, 3) gauge theory, analogous
in structure to the compact YM case, is given by

LYM = −1
4κabFa

µνF bµν := −1
4F

a
µνFµν

a , (A.2)

where the components of the field strength tensor in the adjoint representation are

Fa
µν = ∂µA

a
ν − ∂νA

a
µ + qU(1,3)f

abcAb
µA

c
ν .
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A.2 Telleparallel gravity equivalent of GR (TEGR)

Teleparallel gravities constitute a class of theories in which gravitation is described not by
curvature but by torsion.17 An interesting case is the TEGR based on the Weitzenböck
connection Γ. In this framework, the Riemann curvature tensor vanishes (Rσ

ρµν(Γ) = 0),
and the spin connection is assumed to be null (ω ab

µ = 0). Despite this reformulation, the
Euler-Lagrange equations of TEGR follow from an action that is dynamically equivalent to
the Einstein-Hilbert action, differing only by a total divergence term [31, 52].

Inspired by the structure of gauge theories, some authors have employed translational
invariance to formulate TEGR in a gauge-like language. Nonetheless, this so-called translation-
gauge formalism does not meet the standard criteria of a full gauge theory, such as the presence
of a principal bundle structure [53]. Regardless of the mathematical limitations, we can
adopt this gauge-like approach due to its appealing analogies with classical gauge theories
in particle physics.

Let us consider a Lorentzian manifold (M,g), and associate to each point in M a copy
of Minkowski space M. The coordinates in this internal anholonomic space are denoted by
{xa}a, giving rise to the Minkowski bundle M → M with local coordinates {xµ, xa}µ,a.

The local action of the translation group on the Minkowski bundle is given by xa 7→ x̂a =
xa + ϵa(xµ), where the Lie algebra is generated by {∂a}a, the derivatives with respect to the
anholonomic coordinates. The dynamical fields of teleparallel gravity are 1-forms on M valued
in this Lie algebra — referred to as translational gauge-like potentials — denoted ϕ = ϕµdx

µ,
with ϕµ = ϕ a

µ ∂a. Under an infinitesimal translation δxa = ϵa(xµ), these potentials transform
as ϕ̂ a

µ = ϕ a
µ − ∂µϵ

a, that is, the action of the translation group extends naturally to this
family of potentials. Moreover, the potential ϕµ = ϕ a

µ ∂a induces a transformation on the
vierbein (tetrad) components as follows (see e.g., [54]):

e a
µ = ∂µx

a 7→ ê a
µ = e a

µ + ϕ a
µ = ∂µx

a + ϕ a
µ . (A.3)

This construction leads naturally to a fluctuated metric gµν := êµ · êν , as well as to the
definition of the gauge-like derivative and differential in TEGR:

∂µ 7→ Dµ = êµ = ê a
µ ∂a = ∂µ + ϕ a

µ ∂a = ∂µ + ϕµ,

dxµ 7→ dx̂µ = dxµ − ϕµ
adx

a.

The associated field strength is Fµν = F a
µν∂a, where F a

µν = ∂µϕ
a
ν − ∂νϕ

a
µ.

The TEGR Lagrangian density can be expressed either in terms of the torsion tensor
or the field strength as follows [30, 31]:

L = ê

2κ

(1
4T

ρ
µνT

µν
ρ + 1

2T
ρ
µνT

νµ
ρ − T ρ

µρT
νµ

ν

)
= ê

2κ

(1
4F

a
µνF

µν
a

)
, (A.4)

where κ = 8πG, and the torsion tensor T ρ
µν = Γρ

νµ−Γρ
µν is defined via the (flat) Weitzenböck

connection Γρ
µν = êρ

a∂ν ê
a
µ, with ê := det(ê a

µ ) = √
−g. This Lagrangian yields the same

17The torsion belongs to the connection choice (e.g. Weitzenböck connection Γ), not to the metric itself.
The Levi-Civita connection Γ̂ for the same metric will still be torsion-free (T (Γ̂) = 0) but curved (nonzero
Ricci scalar, R(Γ̂) ̸= 0, unless the space-time is exactly flat). The equivalence between both approaches is
given by R(Γ̂) = −T (Γ) + 2∇̂µT

µ(Γ), where ∇̂µ is the covariant derivative of the Levi-Civita connection Γ̂.
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dynamical content as the Einstein-Hilbert Lagrangian LGR = 1
2κ êR, where R is the Ricci

scalar. The two Lagrangians differ only by a total divergence:

L − LGR = −1
κ
∂µ(ê T νµ

ν).

Finally, notice that the TEGR Lagrangian (eq. (A.4)) is totally analog to the YM Lagrangian
(eq. (A.2)). Furthermore, that similarity is not casual as it is discussed in appendix A.3.

A.3 From TEGR to U(1, 3) colored gravity

This section summarizes the fundamentals of U(1, 3) colored gravity, which was originally
developed in [29] as an extension of TEGR. Let Ψ(x) = exp(−imγνdx

ν)Ψ0 be an evolving
multiplet of Dirac spinors Ψ0 at x = (xµ) ∈ R1,3 with mass m > 0. The components mµ =
m · γµ of its four-momentum m are given by the classical momenta mµ = muµ14 := m

dxµ

dτ 14
for a proper time dτ2 := ηµνdx

µdxν (see section 2).
The following definition of operational equivalences “≃” is crucial to bridge between

classical magnitudes and operators applied to the spinor multiplet Ψ(x):

a ≃ b ⇐⇒ ⟨a⟩Ψ = ⟨b⟩Ψ , (A.5)

where ⟨c⟩Ψ is the expected value of the operator c.18 For instance, this allows the Dirac
equation to be written compactly as iγµ∂µ ≃ m, for Ψ with mass m.

Also enabled by eq. (A.5), the colored gravity is based on an extended teleparallel gauge
(ETG) displacement in the anholonomic coordinates, which is defined as

δxa ≈ − (14 ϕ
a

ν scalar + ϕ a
ν ) δxν , (A.6)

with ϕ a
ν scalar corresponding to the usual TEGR fluctuation, and ϕ a

ν denotes an extended
gauge translation with respect to the one introduced in the section A.2.

Then, consider the displacement δx ∈ R1,3 ⊕ u(1, 3) with ϕ a
ν scalar ≈ 0 and let

δxa ≈ −ϕ a
ν δx

ν = −Aa · q

m · γν δx
ν ≃ iq A a

ν δx
ν ,

be a U(1, 3) gauge transformation, also interpreted as a non-Abelian phase θ(x) = φI(x)ℓI =
A(x) = Aµ(x)dxµ that modifies spinor trajectories and hence promotes the (oscillatory) local
coordinates {xµ} to matrix-valued quantities. From the transformed tetrad fields (eq. (A.3))
the resulting metric is g(x) ∼ η − κA(x) · A(x), where its fluctuation is an extension in
U(1, 3)×U(1, 3).

With the ETG prescription, the Cartan covariant derivative coincides with the telepar-
allel gauge derivative Dµ, which is operationally equivalent to the U(1, 3) gauge covariant
derivative ∇µ:

Dµ ≈ eµ + q

m
Aµu

a∂a ≃ ∂µ − iqAµ = ∇µ. (A.7)

18Formally, the operator c is assumed to be square-integrable in L2, and its expectation value is defined as
the real part of the inner product, ⟨c⟩Ψ := Re⟨ψ̄| c |ψ⟩, where ψ̄ = ψ†γ0 is the Dirac adjoint in this Hilbert
space. For example, classical quantum mechanics defines the density current as uµ := Re ⟨ψ̄| Ûµ |ψ⟩ with the
momentum operator Ûµ = i

m
∂µ evaluated for some mass m ∈ R>0.
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This expectation equivalence, Dµ ≃ ∇µ, holds for each particle-field involved (i.e., in the
sense of expectation values) and plays a central role in ensuring the consistency of the theory
when non-Abelian gauge fields are introduced.

Given the operational equivalence of covariant derivatives, the torsion 2-form provides
the field strength (F a

µν = ∂µϕ
a
ν − ∂νϕ

a
µ) of the teleparallel translational gauge, behaving

analogously to a curvature 2-form. Applying expectation values (eq. (A.5)), we obtain the
SU(1, 3) field strength — geometrically interpreted as the curvature 2-form:

Fµν := F a
µν∂a = [Dµ, Dν ] = (Dµê

a
ν −Dν ê

a
µ )∂a ≈ q

m
Fµνu

a∂a ≃ −iqFµν , (A.8)

where Fµν := iq−1[∇µ,∇ν ]. Furthermore, the torsion scalar gives rise to the corresponding
YM scalar. Specifically, the torsion field components relate to the gauge field strength
components via:

F a
µν ≃ q

m
Fµνu

a 7→ F a
µνF

µν
a ≃ q2

m2FµνFµν , (A.9)

which holds true for the spinor multiplet Ψ, leading to an operational equivalence between
the TEGR Lagrangian (eq. (A.4)) and the YM Lagrangian (eq. (A.2)).

B Physical bosons of the U(1, 3) adjoint representation

The adjoint representation of a Lie group G describes how the group acts on its own Lie
algebra g via the adjoint map adjg(X) = gXg−1 for g ∈ G, X ∈ g. This is useful for
identifying the gauge fields (bosons) that participate in the interaction. In the case of U(1, 3),
which consists of complex 4× 4 matrices that preserve a Hermitian form of signature (1,3),
there are 16 generators {ℓI}15I=0 forming the Lie algebra u(1, 3) (see adjoint representation
in section A.1). It can be decomposed as U(1, 3) ∼= SU(1, 3) ×Z4 U(1)19 where the fibered
product accounts for the overlap in center elements between SU(1, 3) and U(1), and the
Lie algebra accordingly splits as:

u(1, 3) = su(1, 3)⊕ u(1).

Although U(1, 3) has rank 4 — matching that of the SM group SU(3)× SU(2)× U(1) —
it contains four additional generators due to its non-compact structure of internal mixing
of time-like and space-like components. These extra generators expand the algebra but do
not necessarily introduce new physical bosons.

These extra degrees of freedom are absorbed or reinterpreted through the color-linked
embedding of weak interactions, where multiple SU(2) sectors (associated with each color)
effectively reduce to a single SU(2) structure at low energy scales. This collapse is enabled
by the Higgs mechanism (section 5), which provides mass to the overlapping directions and
identifies a unified electroweak basis.

19By taking the product SU(1, 3) × U(1) and then quotienting by Z4, we effectively construct the group
U(1, 3), which includes the necessary phase factors and maintains the unitary property with the correct
determinant condition. This construction is a standard way to relate these groups and ensure the correct
group structure and properties.
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Consequently, the 16-dimensional adjoint representation of U(1, 3) breaks down to the
12-dimensional set of physical SM gauge bosons:

adjU(1,3) −→ adjSU(3) ⊕ (adjSU(2) ⊕ adjU(1)), (B.1)
16 −→ 8︸︷︷︸

gluons

+ (6/3︸︷︷︸
W±

+ 1︸︷︷︸
Z0

+ 1︸︷︷︸
photon

) = 12, (B.2)

taking into account the redundancies within the 16 gauge fields {AI}15I=0 of the U(1,3)
as follows:

• Eight gluon fields {Ga}8a=1 corresponding to eight SU(3) ⊂ SU(1, 3) purely-colored
(spatial subgroup) generators, represented by Gell-Mann matrices λa (a = 1, . . . , 8).

• Eight non-compact gauge fields with redundancies:
– One boson field B associated with the U(1)Γ generator: the identity Γ0 (eq. (4.2)).
– One boson field W 0 linked to the U(1)y hypercharge generator Yw (eq. (4.9))
– Six gauge fields ({W 1

c }c=r,g,b and {W 2
c }c=r,g,b) linked to six generators from three

partial SU(2)w groups, {w±
1,c, w

±
2,c}c=r,g,b that are elements of three color-triplet

su(2) algebras but only generate one effective SU(2) electroweak group.
– However, from these eight fields (B, W 1

c=r,g,b, W 2
c=r,g,b, W 0), only four physical

bosons emerge via color-symmetry mixing (eq. (4.20)) and rotation by Higgs
mechanism (section 5.3):W 1

W 2

 = 1
3
∑
c∈C

W 1
c

W 2
c

 , (B.3)

 γ

Z0

 =

 cos θW sin θW

− sin θW cos θW

 B

W 0

 (B.4)

where θW is the Weinberg angle (eq. (5.12)), C = {r, g, b} is the color, and W 0
µ

is the boson linked to the U(1)y hypercharge generator Yw, which contributes to
the effective electroweak Z0 boson and the final γ photon by mixing with Bµ.
The remaining four generators in u(1, 3) correspond to color directions that are
spontaneously merged and do not manifest as independent physical gauge bosons.
Their role is confined to the high-energy unifying regime, from which the SM
symmetries emerge effectively.

This structure ensures all SM gauge fields ({Ga}8a=1, W 1, W 2, Z0, γ) transform as
adjoints under their respective subgroups, while the full U(1, 3) adjoint representation (16)
integrates gravity via the original U(1)Γ sector (identity). The Higgs VEV projects out the
non-SM components, leaving only the massless SM adjoints at low energies.

Data Availability Statement. This article has no associated data or the data will not
be deposited.
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