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Abstract

We present a theoretical prediction for the mass of a hypothetical Z’ boson
within the framework of an extended electroweak model. Starting from the
neutral current Lagrangian and assuming decoupling of the Z’ boson in high-
dimensional scenarios (Ly~0), we derive a relation between the electromag-
netic current and the neutral current. Using the approximate relation
sin®*@y/cosfy~0.25 and incorporating the Yukawa coupling of the electron, we
estimate the Z’' mass to be M,, =11.13£0.15TeV, with a small supersym-
metric factor correction (~1.96). This prediction provides a concrete target for
future high-energy collider experiments, such as LHCb or next-generation fa-
cilities, to test the existence of Z’' bosons in the multi-TeV range.
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1. Introduction

The Standard Model (SM) of particle physics has been remarkably successful in
describing the fundamental particles and their interactions, yet it is widely recog-
nized to be incomplete, as it neither incorporates gravity nor provides a natural
explanation for the observed hierarchy of fermion masses and coupling constants
[1]-[3]. Grand Unified Theories (GUTs) have long been proposed as extensions
that unify the strong, weak, and electromagnetic interactions under a single gauge

group, and such extensions commonly predict the existence of extra neutral gauge
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bosons, often denoted as Z’ [4]-[6]. Z’ bosons arise in a variety of beyond-the-
Standard-Model (BSM) gauge extensions, including additional U(1)" symmetries
and higher-dimensional GUT frameworks, and have been the subject of extensive
theoretical investigation for decades [7]-[10]. In particular, neutral spin-1 reso-
nances appear in many models of new physics and have distinctive signatures in
high-energy collider experiments, including dilepton, diboson, and dijet final states
[11]-[13]. Despite decades of theoretical study and experimental searches, no Z’
boson has yet been discovered. Experimental constraints from LHC searches have
pushed the lower limits on Z’ masses into the multi-TeV regime, with analyses
excluding resonances up to several TeV depending on the model and couplings
studied [14]-[16]. For instance, CMS vector-boson-fusion searches have excluded
Z’' bosons decaying into "7~ or W"W~ pairs for masses up to approximately 2.45
TeV [17] [18]. Comprehensive summaries of experimental searches and theoreti-
cal limits on new particles—including heavy neutral bosons such as Z'—are com-
piled in the Review of Particle Physics (PDG), which aggregates constraints from
multiple collider experiments and provides authoritative global status tables for
hypothetical resonances [19] [20]. To date, while lower bounds on Z’ masses have
been established and model-dependent ranges explored, no definitive theoretical
prediction has yielded a precise target value for the Z' mass that could be directly
tested in planned collider runs. In this work, we present a theoretical prediction
for the Z’' boson mass based on Su-Lee’s GUTs (2024) extended electroweak frame-
work. By incorporating high-dimensional decoupling, geometric coupling sym-
metry, and the electron Yukawa coupling, we derive a concrete mass prediction
of approximately M, =11.13+0.15TeV . This value provides a well-defined tar-
get for upcoming experiments, such as LHCb Run 3 and potential future high-
energy colliders, enabling direct experimental tests of the proposed unified frame-
work. The prediction also establishes a quantitative link between gauge couplings,
fermion mass hierarchies, and supersymmetric corrections, offering a comprehen-

sive and testable signature of the underlying GUTSs structure [20].

2. Method
2.1. Motivation & GUTs Connection

This work builds on our GUTs framework (2024), which successfully fits the
LHCb 2025 data (see DOI: 10.4236/jhepgc.2024.104105). It is named Su-Lee’s
GUTs.

2.2. Theoretical Implication: High-Dimensional Decoupling and
the Limit

In the proposed framework, the assumption that the neutral current Lagrangian
(Ly) vanishes in high-dimensional or non-observable scenarios constitutes a
strong decoupling approximation. This mathematical limit suggests a profound

underlying symmetry in the ultraviolet (UV) regime.
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2.3. The Balance of Electromagnetic and Neutral Currents

We assume that in the high-dimensional decoupling limit the third weak isospin
current becomes effectively suppressed. The condition L, ~0 implies that at
the characteristic energy scales of 11 TeV. The Z' boson, the electromagnetic in-
teraction and the weak neutral current interaction reach a state of dynamic equi-
librium or exact cancellation. In standard four-dimensional field theory, these
currents are distinct. However, the derivation suggests that Z’ boson acts as a
bridge, where the photon-like component ( sz ) and the Z-like component ( Jz )

are constrained by the geometry of the extra dimensions.

3. Results and Discussion
3.1. Geometric Coupling Symmetry and Mass Derivation

A. The Decoupling Limit in High-Dimensional Scenarios

We consider a generalized extended electroweak model, where the interaction
Lagrangian is expressed as a linear combination of the electromagnetic current
and the neutral current (i.e., Equation (42) in Su-Lee’s GUTs (2024)):

g 3 a2 em
——(J; —-sin“Q,J."Z2" 1
COSQN( “ “ ) (0

em
Ly=eJ, +

Under the assumption of a high-dimensional manifold where the Z’ boson ex-
hibits non-observable characteristics in the effective four-dimensional theory, we
impose the decoupling condition L, ~0. This condition implies a fundamental

constraint between the gauge fields:

0=er’“+ﬁ(Jj—sin26{NJ;mZ”),Jj=0 )
Assuming the vanishing of the third component of the weak isospin current

( th =0) in this specific limit, the relation simplifies to:

edm=—9(sin2g, 35"z 3
“ cosé}N( Bl ) 3)
By utilizing the empirical approximation correlations!
A2
S8 _ 0,263~ 0.25 (4)
cosé,

This is sensitive to the Nambu-Goldstone boson. Therefore, the neutral current

is affected accordingly:
eJs" ~0.25¢(J"Z) (5)

'Following common HEP practices, we adopt the symmetry-motivated approximation 0.25 instead of
the exact 0.263. This captures the leading-order mixing structure while avoiding over-fitting to low-
energy CKM parameters. The resulting Z' mass differs by less than X%, within theoretical uncertainties.

i2
The original 0.263 arises from SiN° 6, / €06, in the electroweak neutral current, demonstrating the

robustness of this approximation. Numbers 0.25 hit: (HHHH) with ( HVR s HVL ) Le., 1/4 locate

on Weinberg’s angles plane.
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We establish the foundational coupling ratio for the Z’ mass scales.

B. Correlation Between Yukawa Couplings and the Mass scales

To translate the abstract gauge coupling strengths into a concrete mass predic-
tion, we incorporate the electron Yukawa coupling (y.). Within the standard
framework of the Standard Model and its supersymmetric extensions, the electron
mass (112.) is related to the Higgs vacuum expectation value (VEV), through the
relation. Consequently, the proportionality constant e/g guarantees to be re-pa-
rameterized as:

& _YVu (6)
g ~2m,

This is crucial to the theoretical mapping, as it directly couples the mass scales
of the Z' boson to the fundamental origin of fermion masses (the Yukawa sector).
By anchoring the Z'mass to the ratio Ye The model suggests that the existence

e
of heavy neutral gauge bosons is an intrinsic requirement for the stability of the
light lepton mass hierarchy. Based on this, obviously the Z' boson mass under

citing the U(1)’ gauge, which guarantees to be:

e
m,, ~4—-const (7)
g
where
E_ YV 246 Gev )

g +2m,

And, in a particle mass spectra (see Su-Lee’s EMR), we can have a “kinetic

lev lev
energy mixing” such as €, (ye) =const = = hidden in the
( 1 j 1.22
1+ —C
16n
constant*
£ const = 4W-const ~Y, 695.79 GeV -const 9
g J2m, m,
Therefore, the Z' boson mass spectrum is shown as:
m,, ~ 4E~const _ ey 6.9579 TeV o« const’ (10)

g m,

e

This provides a clear relation between the Z’' boson mass and the energy scale
of ~11 TeV under the constraint of const’ .’ However, what is the physical
significance of the ratio Ye ?

me
C. Supersymmetric Corrections and Numerical Results
By accounting for the contributions from the full supermultiplet, the mass op-

erator must incorporate the sum of both fermionic and bosonic degrees of free-

*Where Coriginates from logarithmic enhancement |ﬂ(/\2/ mz) .

*Since that it determines by the mass hierarchy.
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dom. We define the SUSY correction factor g as 1.957. Such that we could ob-
tain that the Z’' boson mass is via (a normal particle addition of a SUSY particle

(ie., a factor is required to be approached to 2.0))*

Y, 29+107% _ 29x10™ )
m 05lev © ev

e

To be expanded. Eventually applying the yield factor x=1.9574 = const’, we

obtain:

M, :1.9574*(5.686)TeV ~11.13TeV (12)

Considering the uncertainty of 0.145TeV =0.15TeV denoted by Equation
(4), therefore,

M, =11.13£0.15 TeV (13)

Representing the theoretical prediction derived from our extended neutral cur-
rent framework. This numerical result situates the boson in a regime that is highly
relevant for next-generation collider experiments (such as the FCC-hh or a high-
energy upgrade of the LHC), providing a precise signature for the verification of
this extended electroweak model.

» Remark.

Interesting, Equation (10) shows that 6.9579TeV.u=13.6 TeV . At the
Threshold of Discovery: The value 13.6 TeV pushes the Z’ boson mass precisely
to the operational threshold of the LHC, suggesting that we are standing on the
precipice of a fundamental revolution in physics.

3.2. Comparison versus Previous Data

A. Comparison (Table 1)

Table 1. Lists selected previous measurements and theoretical estimates for the Z’ boson, which are further discussed in the following

section.
Reference Method/Model Z' Mass Limit/Prediction Notes
ATLAS Collaborati
(232:) oration LHC search, dilepton channel >5 TeV (95% CL) Direct collider search
CMS Collaboration . ) .
(2025) LHC, dijet channel >4.8 TeV (95% CL) Direct search constraints
Langacker (2009) Extended electroweak models 1-10TeV Model-dependent predictions
Indirect limits fi isi
Leike (1999) GUT-inspired Z' 0.5-3TeV nirect imits from precision
measurements
This work Extended neutral current + M, —11.13+0.15 TeV Incorporates LN decoupling and
Yukawa factor u = 1.9574 electron Yukawa coupling

B. Discussion

“This factor accounts for the combination of normal particle and its supersymmetric partner, provid-
ing a slight correction to the mass estimate.
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Our prediction: M,, =11.13+£0.15 TeV, lies above current experimental lower
limits from LHC searches, indicating that Z’ bosons in this mass range are cur-
rently beyond direct detection. However, future high-energy colliders or next-
generation LHC runs could potentially probe this mass scales. The inclusion of
the supersymmetric-like factor x~1.9574 allows our prediction to extend be-
yond typical estimates from earlier electroweak extensions.

4. Conclusion

We predict the Z' boson mass to be approximately M, =11.13+0.15TeV,
which is a scale at which the symmetry between electromagnetic and weak neutral
currents is effectively restored within the extended electroweak framework pre-
sented here. This estimate incorporates the decoupling of the Z’' boson in high-
dimensional scenarios ( L, ~ 0) and the electron Yukawa coupling, with a yield
factor u = 1.9574, providing a quantitative target for experimental verification.
Future high-energy collider experiments, such as LHCb Run 3 or next-generation
facilities, have the potential to directly observe the Z’' boson in this mass range.
Such a discovery would constitute strong evidence supporting Su-Lee’s GUTs
(2024) framework, demonstrating that precise theoretical predictions from uni-
fied models could be tested with current or near-future experimental capabilities.
Beyond confirming the existence of Z’, observation at this energy scale would have
several broader implications: it would constrain extensions of the Standard Model,
provide insight into the structure of neutral currents, and guide searches for ad-
ditional heavy gauge bosons or exotic particles predicted by grand unified theories.
Furthermore, the quantitative agreement between theory and experiment could
motivate the development of new high-precision detectors and collider technolo-
gies, while also stimulating complementary theoretical investigations into possible
connections with supersymmetric corrections, dark sector interactions, or novel
quantum phenomena such as cold-light effects. In summary, the predicted Z’
mass not only offers a concrete experimental target but also exemplifies the syn-
ergy between advanced theoretical models and high-energy collider physics. Con-
firming this prediction would mark a major milestone in particle physics, poten-
tially opening a new chapter in our understanding of fundamental interactions

and the validity of grand unified theories.
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Appendices

Appendix A: Modification of the Core Angular Distribution
Formula in LHCb (Weakly-Coupled Z' Gauge Boson)

In our model, the coupling constant of the Z’ gauge boson, g’ which is determined

by the RG running from the grand unification scale M. The parameters are set as

follows:
The RGE is:
1 1 b
= (A.1)
g (/U) g, 8n My
where

Unification scale: M = 10 GeV ;

Unified couplings: g, :%;

One-loop S-function coefficients: b=16;
Z' symmetry-breaking scales: M, =11.13TeV;
4 (in units of energy) are running points in RGE  -scales. Substituting the

numbers, we obtain:

9'?(M,.)~0.1024 (A.2)

Therefore,

g'(M,)~0.320 (A3)

Obviously, these are weakly-coupled types of Z’ bosons. Such that the angular
distribution of B — K4 u in terms of T stated by LHCb (2025) which become:

- %[Jf sin® O +J;° cos® 6, +---+J; sin” 6, cos g, +] (A.4)
And then is:
~ %[Jf sin® O, + 37 cos” G +-+- | (A.5)
where set
Jg =0 (A.6)

Thus, the formula reverts to Su-Lee’s GUTs Equation (57), and the correctness

of their GUTs is accurately ensured.

Appendix B: Physical Interpretation

The weak coupling regime: g’ <1, perturbation theory is fully reliable, and two-
loop or higher-loop corrections are negligible. Narrow resonance: Both the pro-
duction cross-section o oc g, and decay width T ec M., remain within
controlled ranges, which facilitates experimental detection. RG stability: The cou-
pling evolves smoothly with energy and does not encounter a Landau pole or

strong-coupling breakdown.
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