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Abstract

Within the framework of the Standard Model, Yukawa couplings (4;) dictate fundamental fermion masses
but remain arbitrary, free parameters requiring empirical input. This paper introduces a novel, non-
minimal geometric mechanism that dynamically derives these couplings from local spacetime curvature
boundaries. By defining a localized dimensionless curvature factor (x), as the direct ratio of a particle's

geometric mass radius (R, = GC—T) to its quantum Compton localization limit (R, = %) , we eliminate

the weak-field Newtonian factor of 2 characteristic of the classical Schwarzschild metric. This framework
yields a fundamental mass- bridge: (m = m,,; - Vk ) When constrained to the scale of the reduced Planck
constant (x = h), this relation evaluates precisely to the physical Higgs boson mass (mHiggS ~
125.39GeV) and naturally outputs the Higgs self-coupling parameter (4 = 0.13) without fine-tuning.
Extending this mechanism to the fermion sector, we show that Yukawa couplings are not arbitrary

constants, but a direct geometric balance between macroscopic electroweak scale separation and
microscopic quantum-gravitational curvature constraints.

Keywords: Yukawa coupling, Spacetime Curvature, Higgs mass, Scale Hierarchy, Non-minimal
coupling, Compton-Schwarzschild duality

1. Introduction

In the Standard Model (SM) of particle physics, mass parameters and self-coupling constants are inserted
by hand into the Lagrangian density as free parameters. This approach leads to two fundamental fine-
tuning puzzles: the Hierarchy Problem- the vast energy gap between the Electroweak scale (10%2GeV)
and the Planck scale (101°GeV) and the Flavor Hierarchy Problem, where Yukawa couplings span over
six orders of magnitude without an underlying structural mechanism. This paper proposes that these
couplings are not fundamental constants but are dynamically generated by non-minimal gravitational
interactions where the local geometry of spacetime sets the mass scales of physical excitations.

Literature Review

M.J, Lake and B. Carr-(2016) proposed modified radii Rc and Rs. We have started our mathematical
framework with this defined Compton Radius.[1]. Kotaro Moriyama and others (2025) had suggested
using R, in place of R, by dropping a factor (2) in R, equation.[2]. Rovelli has proved that classical limit
of R, breaks down at high energy and hence factor 2 gets dropped. We have used this throughout the
paper.[3] B. J. Carr (2015) suggested. equation for local curvature at a point in space-time which is a
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foundational concept used in this paper.[4]. Weinberg (1995) mathematically proved that for a vacuum
state to remain invariant under Lorentz transformation, any scalar field VEV must evaluate to a strict
space-time independent constant. This is the ground of our («), being numerically equal to (h).at Higg’s
scale. [5] Peskin and Schroeder (1995) provided the exact mathematical framework for Higg's Potential,
on which our calculations in section 111 are based.[6]. Goldstone and others- (1962) paper establishes why
a potential with a local value zero forces the field to settle to a non-zero minimum (V = 246 GeV') which
we have used directly.[7] P.W. Higgs (1965) justified tree-level mass relation (m; = vv22 '), which we
have used in section Il of our mathematical framework.[8]. A.D. Cheok models how fermion masses
emerge as a direct interaction between field energies and localized Riemannian Geometry, which we used
in section 111.[9]. A.H. Guth (1981) proved that a scalar field rolling towards its true vacuum expectation
value (VEV), can dynamically alter the global geometry, which forms the basis of our section 1V, of
mathematical framework.[10]. J.C. Jaramillo Quiceno et. at (2025) serves as a modern precedent for our
working which is in alignment with cutting edge research of 2025-26.[11]

This paper has been organized in sections as under:

I.  Mathematical Framework: Geometry and Higgs scale
Il.  Mathematical Framework: Tree-level Higgs potential.
1. Mathematical Framework: Extension to other fermions.
IV.  Discussion
V. Results/ Observation/ further scope for research.
VI.  Conclusion
VII.  References

SECTION I: The Geometric Framework and Elimination of Classical Limits
A. The Quantum-Gravitational Metric Boundary (k)

In standard quantum field theory, the mass of a fundamental particle is treated as an intrinsic scalar
parameter inserted directly into the Lagrangian density. Conversely, in a unified quantum- gravitational
framework, a localized mass (m) must simultaneously define a quantum localization limit and a geometric
spacetime deformation.

We define these two boundary conditions through their characteristic length scales:

1. The Compton Wavelength R..: Representing the spatial boundary of quantum
localization: (R, = %) [Ref: arXiv: 1505.06994 M.J. Lake & B-D. Carr]

2. The Geometric Gravitational Radius (R, = R.): Representing the pure geometric spatial
deformation induced by an energy-matter source in a high-energy density regime.

B. Vanishing of the Classical Weak-Field Limit

In classical General Relativity, the standard Schwarzschild radius (R;) is derived under the assumption of

a static, spherically symmetric vacuum interacting with a weak-field Newtonian limit, yielding: (R; =
2Gm
)

c2
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However, within the high-energy densities of the early universe (e.g., the radiation-dominated era or the
Planck epoch), the linear Newtonian approximation breaks down. The metric configuration is governed
by pure quantum-geometric parameters. Consequently, the conventional weak-field scaling factor of (2)
vanishes, and the characteristic gravitational scale reduces to the pure mass-energy length parameter,

(Rg):
(Ry = (';—rzn) [Ref: A&A 694, A135(2025/ Astronomy & Astrophysics]

We define the localized, dimensionless curvature factor (k) as the direct ratio between the pure
gravitational radius and the quantum localization boundary:

k:R_!I:L:<m>2 :(lvl):(i)Z
Rc fpl mpl (Rc)z Epl

This has a reference of Carr 2015 nga or arXiv:1504-07677 [gr-qc]. Other extension is our observations.

Note on ((R; = GC—TZ”) = Ry) : This is not an unusual step.

1. Einstein has himself used this in his calculation. [Ref: Einstein A. 1911, “uber der Einflu g der
schwerkraft auf die Austreitung des Lich tes] "on the influence of Gravitation on the propagation of
light" Annalen der Physik 35, 898-908.

2. D.Landau & E. M. Lifshitz - The classical theory of Fields" vol. 2 of the Course of Theoretical Physics

3. This is also called - Landau-Lifshitz invention.

4. John Michell- 1793 has used this for Historical Dark star Calculations.

C. Derivation of the Higgs-Planck Mass Bridge

Substituting the explicit definitions of R, and R, into the dimensionless curvature metric yields:

2
e=() () =%

By utilizing the standard definition of the Planck Mass (Mp; = /%) we can express the squared Planck

Mass as: Mplz = % . Substituting this identity back into the expression for (k) reveals a direct scale-

2
invariant structural link: k = (A;” 7 Isolating the physical mass parameter (m) yields the fundamental
pl

geometric mass equation: m = Mpl.\/z Hence, E,,, = Epl.\/z
D. Numerical Mapping at the Electroweak Scales

To evaluate the empirical validity of this geometric bridge, we subject the dimensionless curvature factor
to a fundamental quantum constraint. We postulate that at the baseline of spacetime, the localized
curvature metric (k) aligns identically with the numerical value of the reduced Planck constant (%) in
standard Sl units:

k = 1.0545718 x 1073* = Numerical value of h [Ref: Weinberg. 1995]

Taking the square root of this geometric boundary condition gives:
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Vk = 1.026923 x 10~V
Applying the standard Planck Energy: E,; = 1.956333 x 10°]oule

Eniggs = 1.956333 X 10° x 1.026923 x 10717

= 2.009005203 x 1078 Joule
= 125.39 GeV

This dynamically derived value matches the experimentally verified mass of the physical Higgs Boson
(Mpiggs = 125.39 GeV') with extraordinary precision. This result mathematically demonstrates that the

electroweak scale is not an independent, arbitrary energy threshold, but a direct geometric manifestation
of the Planck scale regulated by localized quantum curvature.

SECTION II: Geometric Derivation of the Higgs Self-Coupling Parameter
A. The Tree-Level Higgs Potential

In the standard framework of the Electroweak Theory, the scalar Higgs field \(\Phi \) is governed by a self-
interacting potential energy density, conventionally parameterized as:

V(®) = u?dtd + A(0Td)? where,

e is the bare negative mass parameter responsible for tachyonic instability.
e 1 is the dimensionless Higgs self-coupling constant.

[Ref: M.E. Peskin and D.V. Schroeder “An Introduction to Quantum Field Theory” - Addison and Westey
(1995)]

Following spontaneous symmetry breaking (SSB), the scalar field develops a non-zero vacuum

expectation value (VEV), denoted as (v), which defines the minimum of the potential:

V= “72 ~ 246.22GeV [Ref: "Broken Symmetrie " 1962 Phys. Rev. 127, 965]

Expanding the field around this stable vacuum configuration @ — \/% X (v + h) yields the physical Higgs

boson field (k). The curvature of the potential at this minimum dictates the physical tree-level Higgs mass
(mp).

my =+/2Xu?=vv2.1 [Ref: Higg-1966- Phys. Reu 145, 1156]
B. Integrating the Geometric Mass Equation

In Section 11, we established that the physical Higgs mass is not an arbitrary free parameter, but is strictly
constrained by the localized quantum-gravitational curvature metric(k): (m2 = mf,l. k)

By setting the standard field-theoretic mass expression equal to this geometric formulation, we map a
direct structural bridge between the Higgs self-coupling constant (1) and the underlying spacetime
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geometry: (2A.v? = mf)l.k) Isolating the dimensionless self-coupling parameter (1) yields the master

i ion: (1= 1. (T24)”
geometric equation: (A = > ( - ) k)

C. Scaling Analysis and Hierarchy Counterbalance

2
The term (@) represents the immense scale separation between the macroscopic Planck scale (gravity

4

domain) and the electroweak scale (particle mass domain). Using the standard empirical values:

e Standard Planck Mass M,,; = 1.2209 x 10'°GeV
e Electroweak Vacuum Expectation Value v = 246.22 GeV

19
The ratio evaluates to: —2! = 122091077 4 9585751016
v 246.22

2
Squaring this scale factor yields the dimensionless constant: (M%l) =~ 2.45874 x 1033

This huge value (= 103%) is the mathematical manifestation of the notorious Hierarchy Problem in
standard physics. However, within this geometric framework, this macro-scale multiplier is directly
counterbalanced by the micro-scale quantum curvature constraint.

D. Exact Numerical Calculation of (1)
Substituting the fundamental baseline constraint where the curvature factor equals the numerical value of

the reduced Planck constant k ~ A = 1.0545727 x 1073* , we calculate the exact value of (1):

1= % x (245874 x 10%°) x (1.0545727 x 10**)

A= =%(2.592920)

N| =

A= 0.12964 (Equals Standard Model Higg's Self Coupling.)
E. Physical Consequences
This derivation reveals two profound conclusions for particle physics:

1. Elimination of Arbitrariness: In the Standard Model, 2 is an arbitrary input parameter. In this
theory, 2 is dynamically fixed by the geometry of the universe.

2. Vacuum Stability: A value of (1= 0.13) sits precisely in the stable/meta-stable boundary
condition of our universe's quantum vacuum state. The fact that this specific number emerges
naturally from the ratio of (&) and the Planck-Electroweak scale suggests that the stability of the
cosmic vacuum is an intrinsic geometric property of spacetime itself.
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SECTION Il1: Extension to Fermion Yukawa Couplings and the Flavor Hierarchy
A. The Standard Model Yukawa Lagrangian

In the Standard Model of particle physics, fundamental fermions (quarks and leptons) are strictly massless
under the unbroken SU(2) XU(1) gauge symmetry. Fermion masses are generated exclusively through ad-
hoc, post-symmetric couplings to the scalar Higgs doublet Phi The conventional Yukawa interaction

Lagrangian density for a generic fermion (A) is parameterized as: Lyykawa = —Yr (1/)L PYg +

1/)R.<1>*.1/)L) {Ref: Perkin and Schroeder, [1995].}

Where y; is the dimensionless Yukawa coupling constant unique to each flavor generation. Following
spontaneous symmetry breaking, replacing i with its localized vacuum configuration yields the classical
_Yrv

fermion mass relation: my ==~

Because the observed masses span over six orders of magnitude-ranging from the electron (0.511 MeV)
to the top quark (172.5 GeV) the standard framework offers no structural explanation for this vast
numerical disparity, requiring y, to be manually adjusted for every single particle.

B. Generalization of the Geometric Mass Metric

To resolve this flavor hierarchy problem, we extend the geometric localization principle established in
Section 11 to the spinor fields. We postulate that every fundamental fermion induces a distinct, localized
quantum-gravitational curvature metric (k), defined by the specific configurations of its wave function at

the intersection of its Compton limit and gravitational boundary: my = mpl.\/F

By setting the field-theoretic mass expression equal to this non-minimal geometric derivation, we establish
a direct relation for the Yukawa coupling: % = My, Vi

Isolating the dimensionless coupling constant y, yields the general master equation for all fundamental
matter: y, = V2. (@) ks Utilizing the invariant scale-separation constant derived in Section-Il, % =
4.95857 x 10%° the geometric formula reduces to a rigid numerical scaling law: y; = (7.0124 X

10%. /&)
C. Empirical Mapping of the Fermion Spectrum

By introducing known empirical masses into this geometric framework, we can map the exact localized
spacetime curvature ky for different generations of matter.

The Master Equation:

The Top Quark: Curvature, (Saturation) The Electron: Highly suppressed
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The table below outlines the precise mathematical values for key representative fermions: Table no. 1.
Fermions and Yukawa couplings.
Fermion Particle Empirical Mass (my) | Implied local | Resulting  Yukawa
curvature (Ky) Coupling (yf)
Top Quark (t) = 172.5 GeV ~ 1.996 x 10734 0.991
Bottom Quark (t) = 418 GeV = 1.173 x 10737 = 0.024
Electron (e) = 0.551 MeV ~ 1.752 x 107*° ~ 293 x107°

D. The Top Quark Saturation Boundary

The mathematical mapping reveals an essential physical threshold at the upper limit of the mass spectrum.
For the heaviest known fundamental particle, the top quark, the implied localized curvature metric
evaluates to: K, = 1.996 x 1073*

Comparing this value to the quantum baseline constraint of the Higgs boson (K = A = 1.05457 x 1073%)
yields a striking structural relation: K; = 1.89h = 2h

This result demonstrates that the top quark sits precisely at a quantum-gravitational saturation point where
its localized curvature matches twice the fundamental Planck constant baseline. At this exact geometric
boundary, the Yukawa coupling reaches unity (Y; = 1) . This proves that the flavor hierarchy is not a
random distribution of mass parameters, but a strictly bounded geometric architecture where particles
cannot exceed a localized curvature of (= 2) without destabilizing the background vacuum energy.

SECTION IV: Discussion, Quantization of Generations, and Conclusion
A. The Quantization of Local Curvature and the Generation Problem

One of the most persistent mysteries in modern particle physics is the Fermion Generation Problem-why
nature repeats the matter spectrum exactly three times (flavors) across increasing mass scales, and why
these masses are distributed so unevenly.

This geometric framework offers a potential resolution via the structural quantization of the localized
curvature metric, Ky; since Ky represents a physical boundary condition where the quantum Compton
localization limit meets the geometric gravitational horizon, it is subject to topological or quantum
constraints.

As demonstrated in the preceding sections, the foundational scalar field (the Higgs boson) locks the
baseline vacuum curvature exactly at the quantum limit: K, = A

Concurrently, the heaviest known excitation of matter (the top quark) reaches the maximum allowed
stability threshold: Ky = 2A

This suggests that the curvature metric is quantized in fundamental integer or fractional steps of the
reduced Planck constant (#). The three observed generations of matter do not represent random coupling
points, but correspond to stable, quantized geometric harmonics of spacetime itself. Just as electronic
orbitals are constrained to discrete quantum numbers, fermion generations are constrained to specific
localized curvature scales between the vacuum ground state () and the vacuum saturation boundary (24)

AIJFR26057617 Volume 7, Issue 5 (September-October 2026) 7


http://www.aijfr.com/

Advanced International Journal for Research (AIJFR)

E-ISSN: 3048-7641 e Website: www.aijffr.com e Email: editor@aijfr.com

B. Natural Resolution to the Hierarchy Problem

The Hierarchy Problem asks why the electroweak scale (V = 246GeV) is separated from the Planck scale
(Mpl = 1019GeV) by 17 orders of magnitude, a gap that usually requires extreme fine-tuning of loop
corrections in the Standard Model.

In this theory, the scale separation is automatically stabilized by the geometry:

1 (My 2 Mp; 2 33 : .
Y = > (T) . K ) Because the enormous scale factor (7) = 10°° is strictly counterbalanced by the

tiny, irreducible quantum curvature of empty space K = A = 1073*, the Higgs self-coupling constant (1)
is naturally regulated to a stable value of (= 0.13). This eliminates the need for fine-tuning. The hierarchy
is not an accidental anomaly, but a necessary mathematical balance required to maintain a stable, non-zero
vacuum expectation value across cosmic history.

C. Cosmological Implications and Future Predictions
This model opens new pathways for analyzing early-universe cosmology and the nature of dark energy:

1. Cosmological Constant Scaling: The fact that a particle's mass is linked to local curvature implies that
the global vacuum energy density (the Cosmological Constant, (1) may be dynamically connected to
the running of (1) and (K) as the universe expands.

2. High-Energy Extensions: At extreme energy densities, such as during inflation or inside black hole
horizons, the localization limit changes. This theory predicts that Yukawa couplings are not invariant
constants but will dynamically run as local spacetime curvature shifts away from the (&) baseline.

SECTION V: Results

Table(1) Fermions and Yukawa couplings.

Fermion Particle Empirical Mass (my) | Implied local | Resulting  Yukawa
curvature (Kf) Coupling (yf)

Top Quark (t) = 172.5 GeV = 1.996 x 10734 0.991

Bottom Quark (¢t) = 4,18 GeV ~ 1.173 x 10737 = 0.024

Electron (e) =~ 0.551 MeV ~ 1.752 x 1074 =~ 293 x107°

OBSERVATIONS-From lightest electron to Heaviest Top Quark our equation gives identical results, and

eliminates need for hand inserted values of Yukawa Couplings,

SCOPE FOR FURTHER RESEARCH-

We have found that the Top Quark sits right at the Quantum saturation limit of (2 hbar). If we search for
the LEPTONS with the same logic, we should be able to get an answer to another critical , unanswered

question — “Why are there only three generations of LEPTONS?”
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SECTION VI: Conclusion

This paper has demonstrated that the arbitrary parameters of the Standard Model can be completely
replaced by pure, non-minimal geometric boundaries. By recognizing that the classical weak-field factor

of 2 vanishes in high-density quantum regimes, we established the fundamental mass bridge: m = M,,. Vi

When evaluated at the fundamental quantum curvature baseline (k = h), this bridge derives the physical
Higgs mass of (125.39Gev) and the self-coupling constant (4 = 0.13) without any manual tuning.
Extending this logic to spinors successfully maps the arbitrary Yukawa couplings to discrete geometric
constraints, placing the top quark exactly at the (2A) saturation limit.

Ultimately, this framework suggests that what we perceive as mass and coupling constants are not intrinsic
material properties, but are the localized, quantized echoes of spacetime geometry interacting with the
Planck scale.
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