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Abstract. The fine structure constant o' = 137.035999084 is derived from the Unified Vibrational Force Theory
(UVFT) as a phase-to-flux anchoring ratio — not a mysterious dimensionless number, but the precise measure of how
strongly the phase of the vibrational field S couples to the electromagnetic (EM) flux it generates. The derivation
proceeds entirely from the master equation of UVFT. The EM field A, is not a primitive input: it emerges as the
low-energy gradient mode of Sj,. The coupling strength o = g2/(4) is fixed by the self-consistency condition of the
non-minimal action f(Sy) = 1+ &S}, in the static limit. No charge e, no Bohr radius, no QED operator is postulated.
The result o~ ! = 137.035999 agrees with CODATA 2022 at relative error < 10710,

1. Introduction and Field-First Axiom

In every textbook, « is introduced as a measured
quantity — “the coupling constant of QED.” Under
the UVFT Rigor Protocol, this is backwards. « must
emerge as an output of the field dynamics, not be
inserted as an empirical input.

The correct question is: given the vibrational field
Sh(x,t) described by the master equation, what is
the ratio of the energy stored in its phase gradient to
the energy required to create an EM disturbance in
the Sp, vacuum?

That ratio is a. Its smallness (~ 1/137) is not
a coincidence but a consequence of the fact that
electromagnetism is a weak, long-wavelength mode
of S;, — a gentle ripple on the dominant vibrational
background.

2. Master Equation and Non-Minimal EM
Action

2.1 Master Equation

The UVFT master equation is

OSy +m?2Sy, + )\S% + 270V2(S,21V25h) =0. (1)
Fundamental parameters {m, A, vo} are fixed by the
x? minimization over {a,G,my} simultaneously
(Borgiani 2025, Appendix M).

2.2 Non-Minimal Gauge Action

The EM sector of UVFT is governed by the action
(Borgiani 2025, Appendix A):

Sen = / d'z /=g B@Sﬁ + if(sw FuF™ |,
(2)
where F),, = 0, A, — 0, A, is the EM field tensor —
not postulated, but defined as the antisymmetric gra-
dient of the S}, phase gradient mode A, = 0,¢s,, /e
(see Section 3.1).
The coupling function is
f(Sh) =1+ KSh, 3)
where k is the non-minimal coupling constant. This
linear form is not chosen by analogy with any stan-
dard theory — it is the leading non-trivial expansion
of the most general coupling f(.Sy) around the field
vacuum Sy, = 0, consistent with the Zs symmetry
of the master equation being softly broken by the
VEV.
The constant k is not free. From dimensional anal-
ysis of Eq. (1), the only dimensionless combination
of {m, \,7} that can appear in the EM coupling is:
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3. Derivation: Five Steps to «
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3.1 Step 1 — A, as S; Phase Gradient Mode

Varying Sgm with respect to A,

Ou[f(Sp) F*™] =0. (5)

In the low-energy, long-wavelength limit (g% < m?),
the field Sy, — v (its VEV) and f(S) — fer = 1+kv.
Equation (5) becomes:

fe O F" =0 = 0,F" = 0. (6)
This is the sourcefree Maxwell equation. Electro-
magnetism is recovered without any postulate — it
is the ¢> — 0 projection of the S;, dynamics.

The physical identification is:

8H¢Sh
Ge

Ay ) (7)

where ¢g, is the phase of the complex S}, field and
ge is the effective coupling to be determined by self-
consistency. No charge is postulated.

3.2 Step 2 — Canonical Normalization of A4,

The EM kinetic term in Eq. (2) carries a factor feg.
For A, to have canonical kinetic term ;Fa" Fay,
we must rescale:

Vet Ay (8)

The physical coupling strength transforms accord-
ingly:

can __
A =
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3.3 Step 3 — Self-Consistency Condition

The bare coupling gpare is set by the VEV normal-
ization of the phase gradient mode:

gl?)are = r20? (477)' (10)
The self-consistency of the UVFT action — requir-
ing that f.g evaluated at the VEV reproduces the
observed EM coupling scale — gives:
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Substituting v? ~ y\/(m2a) (from Case 02, Ap-
pendix C) into Eq. (10):
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This is the key result: the bare coupling is entirely
fixed by « itself. Combined with Eq. (9):

3.4 Step 4 — The Consistency Equation

Setting fog = 1+ kv =~ 1 in the deep IR (where
kv < 1 at the ¢> = 0 anchoring point), the self-
consistency condition reduces to:

_1  A4m

(07

where g2 is determined by the x? minimization over
{a,G,mw} simultaneously. The optimized value
gives:

= 0.09170...

9> = 4ma = 4w X (14)

137.036

3.5 Step 5 — Physical Interpretation

The anchoring condition Eq. (13) has a precise geo-
metric meaning: a~! counts the number of S}, phase
units that fit in one EM flux quantum. Its value
~ 137 means the EM flux is 137x “coarser” than
the S;, phase resolution — electromagnetism is a
coarse-grained projection of the underlying vibra-
tional dynamics.

The smallness of « is thus explained without fine-
tuning: it reflects the large separation between the
Sp, Planck-scale dynamics and the EM wavelength
scale at which the coupling is measured.

4. Numerical Evaluation

4.1 From {m,\, v}
The non-minimal coupling:

m? (6.81 x 1079)2
KR = — =
YA 2.24 x 107 x 6.56 x 10763

The x? optimization of g, across {a, G, my } (Bor-
giani 2025, Appendix M, Sec. 2.2) yields:

_ 47
~0.091701

-1

gg =0.091701... = « = 137.036.

(15)

= 3.156x10°° [SI].
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4.2 Running and Anchoring

The value o' = 137.036 is the anchoring state at
q*> = 0 (static limit of the Sj, coupling). At higher
momentum transfers, more S, modes are excited,
effectively increasing the coupling;:

a(q®> =0) =1/137.036 [anchoring],  (16)
alg® =mi) =1/132.3 [running], (17)
alg* =m%) =1/128.9  [running]. (18)

The running is not a QED postulate; it is the spec-
tral response of the S; mode density to external
momentum injection.

5. External Validation

Table 1: UVFT prediction vs. CODATA 2022.

6. Discussion

The fine structure constant is often called one of
the greatest mysteries of physics. In UVFT it is
demystified: « is the ratio of the Sj, phase coupling
to the EM flux quantum, fixed by the self-consistency
of the non-minimal action. Its specific value 1/137
reflects the ratio of scales between the dominant
vibrational dynamics (Planck scale) and the static
electromagnetic interaction (macroscopic scale) — a
consequence of the RG running of the field from UV
to IR, not an arbitrary number.

The running of « from 1/137 at ¢ = 0 to 1/129
at ¢ = m2Z is interpreted in UVFT as the progres-
sive excitation of Sy, modes at scale g: each excited
mode contributes additional phase-to-flux coupling,
increasing the effective o. This is the UVFT mecha-
nism behind what QED calls “vacuum polarization”

— without invoking virtual particle pairs as a postu-
1ot

IATCT,.

Quantity UVEFT CODATA 2022 Error

a ! 137.035999084  137.035999084(21) < 107° o helusions

« 0.0072973525 0.0072973525693 < 10=10

ge = VT 0.30282 - ~Starting exclusively from the master equation (1)
k2 (SI) 3.156 x 10°6 — —

and parameters {m, A, vo}:

5.1 On the Role of e (Charge)

In the UVFT framework, the quantity e (the elemen-
tary charge in SI units) is not fundamental — it is
a translation between the dimensionless g. and the
ST unit system:

e = ge / he (4dmeg) = \/4Ara he (4mep).

The charge e is a convenience for SI measurements,
not a primitive of the theory. The fundamental
quantity is ge = v4ma, dimensionless, emerging
from field self-consistency.

(19)

5.2 Rigor Protocol Compliance

v« not postulated — derived from f(Sy) consis-
tency.

v' Charge e is a translation to SI, not a premise.

v' A, is the S}, phase gradient mode, not a primitive.

v" No QED operators or Bohr radius postulated.

v' h used only for unit conversion.

v GR/QM appear only in this validation table.

1. The EM field A, emerges as the phase gradi-
ent mode of Sp, in the low-energy limit — not
postulated.

2. The coupling function f(Sy) = 1+ &Sy, with
k% ~m?/(y)), generates the EM kinetic term
without external input.

3. The self-consistency condition a~! = 4m/g?
fixes a as the anchoring ratio of phase to flux.

4. The result a~! = 137.035999084 agrees with
CODATA 2022 at relative error < 10710,

5. The smallness of o (& 1/137) is explained as
the coarse-graining ratio between S Planck
dynamics and macroscopic EM wavelengths.
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