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Abstract

The Standard Model of particle physics is built on the symmetry groups U(1) x
SU(2) x SU(3), describing electromagnetism, the weak force, and the strong force.
This paper explores a speculative unified theory using U(2) x U(3), which may
encompass the Standard Model while suggesting an extra U(1) group for dark en-
ergy and gravitation via a “Casimir-type shielding” effect. We use simple, concrete
matrices to explain the idea, avoiding abstract math for clarity.

1 Introduction

The Standard Model uses three groups: U(1) for electromagnetism (photons), SU(2) for
the weak force (W and Z bosons), and SU(3) for the strong force (gluons). These combine
as U(1) x SU(2) x SU(3) to describe all known particle interactions except gravity. But
what if we could simplify this into U(2) x U(3), covering the Standard Model and adding
room for dark energy and gravity?

The idea is:

e U(2) = U(1) x SU(2) / Zs, linking to electroweak symmetry.
e U(3) = U(1) x SU(3) / Zs, linking to the strong force.
e U(2) x U(3) combines these, with an extra U(1) explaining dark energy and gravity.

Let’s explore this with basic matrices, step-by-step.

2 What Are U(1), SU(2), and SU(3)?

Symmetry groups in physics are sets of transformations (like rotations) that leave physical
laws unchanged. We represent them with matrices—square arrays of numbers.

2.1 U(1): Electromagnetism

U(1) is the simplest group. It’s just phase changes, like rotating a clock hand. A U(1)
transformation is a single complex number with magnitude 1:

U=¢" =cosb+isind,



where 6 is an angle (e.g., 0 to 360°), and |¢?| = 1. In matrix form (acting on a 1D
complex number, like a particle’s wavefunction):

()

This describes the photon’s gauge symmetry in electromagnetism.

2.2 SU(2): Weak Force

SU(2) uses 2x2 matrices that are unitary (preserve lengths) with determinant 1. A
typical SU(2) matrix looks like:
a b
(_b* CL*) )

where a and b are complex numbers, a* is the complex conjugate of a, and |a|*> + |b]? = 1.
Example: a rotation by angle 6 around one axis:

ei0/2 0
( 0 6—i9/2) :

This acts on 2-component objects (spinors), like electrons or neutrinos, and describes W
and Z bosons in the weak force.

2.3 SU(3): Strong Force

SU(3) uses 3x3 unitary matrices with determinant 1. A simple example (one of eight
generators rotated):

e 0 0
0 e 0
0 0 1

This acts on 3-component objects (quarks), with eight gluons mediating the strong force
holding nuclei together.

3 U(2) and U(3): Building Blocks

Now, let’s define U(2) and U(3) using these pieces.

3.1 U(2): Electroweak Symmetry

U(2) is the group of 2x2 unitary matrices (not necessarily determinant 1). A general

U(2) matrix is:
a b
c d)’

where the matrix times its conjugate transpose equals the identity, and ad — bc # 0. We
can write:

U©2) = U(1) x SU(2)/Z,.

- U(1) part: an overall phase, €?®. - SU(2) part: the matrix above. - Z; means identifying
matrices differing by a sign (e.g., I and —1I).



Example: Combine a U(1) phase ¢ with an SU(2) matrix:

0 i0/2 0 B ei(o+0/2) 0
€ 0 e-0/2] T 0 i(6=0/2) | -

This covers the electroweak symmetry (U(1) for hypercharge, SU(2) for weak isospin),
unified in the Standard Model after symmetry breaking.

3.2 U(3): Strong Force Plus More

U(3) is 3x3 unitary matrices. Similarly:
U3)=U(1) x SU(3)/Zs.

- U(1) part: e™. - SU(3) part: a 3x3 SU(3) matrix. - Z3 identifies matrices differing by

cube roots of 1 (e.g., e?™/3).
Example:
e’ 0 0 Wt 0 0
e 0 e 0] = 0 =0 g
0 0 1 0 0 e

SU(3) handles quarks and gluons; the U(1) adds an extra phase.

4 U(2) x U(3): The Unified Theory

Combine them: U(2) x U(3) means a transformation with a 2x2 U(2) matrix and a
3x3 U(3) matrix acting together. For a particle with electroweak and strong interactions
(e.g., a quark), we’d use:

ei(z/)—&-@) 0 0

i(¢+60/2) ,
(e 0 ei(¢96/2)) x| 0 g0
0 0 e

- U(2) part: Electroweak (U(1) x SU(2)). - U(3) part: Strong (SU(3) plus a U(1)).
The Standard Model’s U(1) x SU(2) x SU(3) fits here: - U(2) contains the electroweak

U(1) x SU(2). - U(3) contains SU(3) for the strong force. - But U(2) x U(3) has two U(1)

factors (one from U(2), one from U(3)), while the Standard Model has one (hypercharge).

5 The Extra U(1): Dark Energy and Gravity

Here’s the twist: U(2) x U(3) gives an extra U(1) beyond the Standard Model’s hy-
percharge. Nige suggests this could represent dark energy, with gravity emerging via a
“Casimir-type shielding” effect.

- **Dark Energy**: The extra U(1) might act like a new force, pushing space apart.
Imagine a phase e affecting all particles uniformly, tied to a new field (like a dark
photon). - **Gravity via Casimir**: The Casimir effect occurs when metal plates block
vacuum fluctuations, creating attraction. If matter shields this U(1) dark energy field,
nearby objects might feel less “push,” mimicking gravity’s pull.



Example matrix for this U(1):

ex 0 0
0 ex 0
0 0 ex

If shielded, y varies, creating an effective force.

6

Discussion

Does U(2) x U(3) work? - It contains U(1) x SU(2) x SU(3), matching the Standard
Model. - The extra U(1) is speculative but could link to cosmology (dark energy) and
gravity. - Challenges: The Z, and Z3 factors need careful handling to avoid overcounting
symmetries, and the extra U(1)’s role isn’t experimentally defined.

This is a starting point—simple matrices show the structure, but testing it requires
physics beyond this paper.

7

U(2)

Conclusion

x U(3) offers a unified framework, wrapping the Standard Model into two pieces

with a bonus U(1). Using basic matrices, we see how it might describe particles and hint
at dark energy and gravity. More work is needed to make it precise, but it’s a fun idea
to explore!
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