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Abstract

This paper, based on Topological Residual Theory (TRT), systematically explains the fractal filling
mechanism of spatial flow fields in right-handed cylindrical helical motion at the speed of light, and
presents the pure geometric and topological origin of the dimensionless fundamental constant—the fine-

structure constant

a

Using the Frenet-Serret moving frame, we rigorously define the local curvature

K

and torsion T of the flow field, proving that the helical angle (elevation angle) intrinsically
locked by them possesses strict conformal scale invariance. Based on the ternary number
space-filling algebra, we construct a ternary branching space-filling fractal growth tree (N = 3
). Utilizing Moran's theorem, we derive the daughter-generation conformal scaling factor

Vo = 373 and precisely calculate the self-similar projection radii for the first ten generations.

Combining the three-distance theorem from number theory and the uncertainty principle of quantum

mechanics, we quantitatively compare the minimum angular displacements of the

F17 = 1597

and Fi9 = 4181 nodes. The calculation results indicate that at the ninth-generation discrete
layer (F19 = 4181 nodes), due to the angular displacement between adjacent channels (
0.0009 rad) breaking through the half-fine-structure-constant quantum coherence limit (

@/2 = 0.0036 rad), phase overlap occurs, which triggers a topological melting phase transition
toward a macroscopically isotropic sphere.

After introducing the boundary lattice shear entanglement correction determined by adjacent conjugate

numbers

Fig = 2584
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, the cumulative radial projection distance of the fractal tree converges to the constant 7T with
an extremely high precision of 1.72 parts per million (1.72 ppm). This melting phase transition
spontaneously gives rise to a three-layer dimensionless topological weight impedance:

¢ One-dimensional microscopic core loop measure:
Ql =T
e Mesoscopic spin layer measure based on triangular momentum area distribution:

O =imx2mx1=r

e Macroscopic boundary Gaussian spherical measure:

Q3 = 47T3

Their algebraic sum locks the total measure impedance at:

B =41 + 1+ m=137.036304

thereby deriving the a priori theoretical extreme value of the reciprocal of the fine-structure
constant in a parameter-free, forward manner.

In addition, this paper provides a geometric holographic interpretation of particle spin and spatial
information, and proposes two core falsifiable physical predictions:

1. The absolute lower limit of the reciprocal of the running fine-structure constant under high-energy

running is no less than

127.17

2. A high-speed rotating or accelerating positive charge flow will generate an observable, weak reverse
gravitational field in the direction opposite to its acceleration.

This research opens a self-consistent theoretical path toward the complete geometrization of the Grand
Unified Theory.

Keywords: Right-handed cylindrical helix; Frenet-Serret frame; Moran's theorem; Three-distance theorem;
4181 phase transition point; Lattice shear correction; Fine-structure constant; Geometric holography;
Induced gravity

1. Introduction

One of the core dilemmas of modern high-energy physics is the a priori origin of dozens of fundamental

physical constants (such as the fine-structure constant
a
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) in the Standard Model [1]. Although the perturbative renormalization group flow (RG Flow) of
Quantum Electrodynamics (QED) can compute running constants that agree highly with
experimental values through high-order Feynman loop diagrams [1], the physical and
mathematical processes still rely on artificially introduced cut-offs and the elimination of non-
physical infinities, failing to reveal the intrinsic geometric origin behind these parameters.
Currently, the experimental baseline value of the reciprocal of the fine-structure constant is
a ' = 137.035999 [2]. Its dimensionless property strongly implies the existence of pure
geometric and topological invariants behind it that do not depend on specific measurement
unit systems.

To overcome this bottleneck, this paper proposes "Topological Residual Theory (TRT)," which views space as
a geometrically rigid, dynamically continuous medium, and establishes "spatial right-handed cylindrical
helical motion at the speed of light" as the sole first-principle axiom. By introducing the ternary branching
fractal growth of right-handed cylindrical helical flows in three-dimensional space, we construct a self-
consistent geometric framework for unified field theory on the basis of geometric first principles.
Dimensionless fundamental constants are by no means empirical parameters fitted from experiments, but
are the topological residual rates inevitably left behind and locked due to topological mismatch when one-
dimensional microscopic helical flows are projected onto and fill the macroscopic three-dimensional
isotropic space. This paper will demonstrate that by combining differential geometry moving frames,
Moran's space-filling theorem, number-theoretic simple closed geodesic constraints, and global Gauss-
Bonnet topological closure, the a priori limits of the fine-structure constant can be derived and locked in a
parameter-free and forward manner.

2. Differential Geometric Description and Scale Invariance of Spatial Right-
Handed Helical Flows

2.1 Frenet-Serret Parameterization of Right-Handed Cylindrical Helical Streamlines

We set the spatial flow field around an object to consist of light-speed streamlines that rotate and translate
at high speed. Its ground state motion equation is described by a smooth, one-dimensional right-handed
cylindrical helix. To eliminate interference from artificial coordinate systems, we use the arc-length

parameter

S
to parameterize the streamline [3]:

r(s) = (Rcos (g) , Rsin(g) , '%9) (1)

Where

R>0

represents the bottom projection radius of the cylindrical helix, and 8 > 0 is the pitch control
parameter along the helical axis. X is the conformal normalization factor introduced to ensure
the arc-length normalization condition (i.e., /¥ (S)// = 1), defined as:
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2= VR+B (2
We establish the temporary Frenet-Serret moving orthonormal frame

{T,N,B}
along the curve r(S) [3].

1. Unit Tangent Vector
T(9)

is calculated as:

ar(s) _

T(s) = p

(_

M| X
2.

2. Local Curvature

K

According to the fundamental theorem of differential geometry, the derivative of the tangent vector with
respect to the arc length points in the direction of the principal normal, and its magnitude is the local

curvature:

ar(s) R S R . /s _
7 =(—2—zcos(§),—§sm(g),0)—KN(S) 4)

From this, the local curvature

K
of the spatial streamline at each pointis found to be constant [3]:
o ars)|| R R )
ds 2 R4+ 32
The corresponding unit principal normal vector is
N(S) = (—cos (£),—sin (£),0)
1. Unit Binormal Vector
B(s)
is defined as the cross product of the tangent and principal normal vectors [3]:

B(s)=T(s) x N(s) = (é sin(i) ,—é cos (i) R

>y Z’E) ©)
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2. Local Torsion

T
characterizes the rotation speed of the binormal vector as it moves along the arc length [3]:
aB(s) B s. B s
g - (g cos (E) 37 Sln(g) ,0)=—1N(s) (7)

Comparing both sides of the equation, the torsion

T
is also constant [3]:

B__ B

e Trip ®

2.2 Relationship between Helical Pitch Angle and Fine-Structure Constant

In differential geometry, curvature

K

and torsion T correspond to the "centripetal impedance" and "spin impedance" during the
flow of spatial fluid, respectively [3]. We define the ratio of the two for this right-handed
cylindrical helical streamline as the tangent of the helical pitch angle (elevation angle) &:

T
tan9= ’—( (9)

Substituting Eq. (5) and Eq. (8) into the above equation yields the explicit geometric expression of this angle:

8

+

tan @ =

(10)

.
+|=0
=] e

In this hypothesis, this intrinsic helical angle

6

, When the system undergoes a cross-scale topological phase transition and projects onto the
macroscopic electromagnetic boundary layer, constitutes the microscopic geometric origin of
the fine-structure constant @, namely:

a o< tan 0 = (11)

T
K
2.3 Proof of Conformal Invariance under Spatial Scale Transformations

To demonstrate the rigidity of this constant as a cosmic invariant, we must prove that Eq. (11) remains
absolutely constant when space undergoes isotropic scale transformations.
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Let the system undergo a continuous scale transformation with a scaling factor

AER
. Under this scale transformation, the projection radius R of the helix, the axial pitch

parameter 3, and the arc-length coordinate Sscale synchronously as follows:
R— Ry=AR, B—Bi=AB s—sp=As (12)
At this time, the scaled conformal normalization factor

2
becomes:

A= /K5 + 6= VAR +(AB): = AT (13)

Substituting the transformed parameters into Eq. (5) and Eq. (8), we calculate the scaled curvature

K)
and torsion T):

Since when the scale is magnified by a factor of

A

, the local curvature and torsion of the streamline decay synchronously by a ratio of A™! [3], we
now compute the ratio after scaling:

1
T, T T
A_ A —tnd (16)

tanfh=—=4—=—=
an b K) %\K K
Since
tan @y = tan 0
, we obtain:
6,=0 (17

6/24
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Proof complete. The above differential geometric derivation strictly demonstrates that while the local

curvature

K

and torsion T strongly depend on the absolute spatial scale (decaying as the scale A expands),
their ratio—the physical angle @ intrinsically locked within the moving frame—has strict
immunity to any spatial scale scaling (conformal scale invariance).

3. Ternary Tree Fractal Growth Model and Determination of Moran Conformal
Scaling Factor

3.1 Ternary Space Filling under Ideal Isolated Regions

To derive the numerical value of the constant from a purely mathematical perspective, we introduce a local
spatial region in an ideal, isolated state, free from external electromagnetic or gravitational perturbations.
Within this region, we construct a multi-level fractal self-similar growth model based on the space-filling
algebra of ternary numbers.

The filling medium of this model is space moving at the speed of light in a right-handed cylindrical helical

manner, with the bottom projection radius normalized to

n=1

. Since helical motion algebraically has three orthogonal motion components, the spatial
streamlines must splitinto N = 3 daughter helical tube bundles at each fractal evolution
branch node, thereby forming a Ternary Branching Tree with completely self-similar
characteristics.

3.2 Moran's Theorem and Three-Dimensional Dense Packing Constraint
To allow this spatial fractal tree to densely foliate the entire three-dimensional physical space
R3

, its Hausdorff dimension Dy must be strictly equal to the physical topological dimension of
the space:

Dy=3 (18)

Assuming that each level of division of the self-similar fractal set satisfies the open set condition (OSC).
According to Moran's theorem in fractal geometry [4], the Moran equation after proportional simplification

is:
N-yPH=1 (19

Combining the branch number limit
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N=3
with the spatial filling constraint Dy = 3, and substituting them into Eq. (19) yields:

3-yp=1 = y=3"=0.6933612744 (20)
This dimensionless constant determines the maximum conformal ratio that does not cause interference
during ternary symmetric fractal growth in three-dimensional space.
3.3 Precise Numerical Calculation of the Normalized Radii for 10 Generations

Let the characteristic projection radius of the Oth generation (initial parent) helical streamline be normalized

to

ry = 1.0000000000
. Based on the conformal equal-ratio scaling law, the projection radius ry, of the n-th
generation daughter tube strictly follows the geometric series recurrence relation:

rm=r-yy=3" (1)

Based on Eq. (20) and Eq. (21), we precisely calculate the normalized radius values of the first ten
generations (from the Oth generation to the 9th generation) of helical streamlines, as shown in Table 1:

<center>

Table 1: Precise Projection Radii of the First Ten Generations of Self-Similar Space-Filling Streamlines

b ) - Eicht Sienifi
Term Calculation oub'le preflsmn |.g' t Significant Number-theoretic
Formula Floating-point Digits Description & Notes
number 11 Exact Value Approximation
Initial parent
0 A 1.0000000000 1.00000000 normalized baseline
radius
First-generation
1 % 0.6933612744 0.69336127 conformal basic
scale
2 V2 0.4807498567 0.48074986 second-generation
scale
Precisely converges
3 yg 0.3333333333 0.33333333
to 1/3
Fourth-generation
4 )/0‘ 0.2311204248 0.23112042
scale
5 Ve 0.1602499521 0.16024995 Fifth-generation

scale
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Precisely converges

6 0.1111111111 0.11111111
g to 1/9
7 Seventh-generation
7 Yo 0.0770401415 0.07704014
scale
8 v 0.0534166505 0.05341665 Last discrete free
0 growth layer
Precisely converges
9 Ve 0.0370370370 0.03703704 to 1/27 (critical scale
of phase transition)
</center>

This fractal series exhibits highly self-consistent symmetry in its number-theoretic structure. Every time it

extends outward by three levels (i.e., when the number of branches increases by

33 =27
times), its characteristic radius shrinks neatly to an integer fraction:
1 1 1
==, ==, hL==— (22
3 3 ’ 6 9a 9 27 ( )

This algebraic self-consistency of the geometric series not only verifies the correctness of Moran's equation
in solving three-dimensional physical space partitioning, but also provides a clean and solid discrete
number-theoretic lattice background for subsequently triggering topological phase transitions.

4. Number-Theoretic Purification on Punctured Tori, Vieta Jumping
Algorithm, and Ground State Triplet Evolution

4.1 Physical Necessity of Introducing Markov-Fibonacci Number-Theoretic Trajectories

In the process of the spatial ternary branching growth tree extending outward, thousands of one-
dimensional right-handed light-like helical tube bundles are highly squeezed and wound in three-
dimensional space. To prevent decoherence caused by orbital self-intersection and phase interference
among various branches during dynamical evolution, the system must adopt an arrangement grid with
maximum geometric self-avoiding and strongest anti-resonance capabilities.

In number theory and low-dimensional topology, the Markov Diophantine Equation constitutes the first-

principle arithmetic tool to solve this topological constraint [5]:

X+y+22=3xyz (23)
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Choosing Eq. (23) as the optimal solution for spacetime streamline arrangement is based on the following
two strict topological physical constraints:

1. Geodesic Topological Closure (McShane Identity):
Under the TRT framework, when local tube bundles wind around each other, they can be equivalently
described as a family of simple closed geodesics on a genus-1 once-punctured torus (
>\ {p}
). According to the fundamental theorem of differential geometry, any streamline orbit on this physical
torus that does not self-intersect and can close perfectly, its geometric length L and the Markov number

min Eq. (23) strictly satisfy a one-to-one dual mapping:

cosh(é) = 37m, meM (24)

Choosing Markov numbers arithmetically locks the complete spectrum of all non-self-intersecting closed
orbits on the punctured torus, eliminating non-physical orbits that would lead to self-intersection and
structural collapse.

1. Anti-resonance Dynamical Stability (Lagrange Spectrum Limit):
The set of Markov numbers
M
uniquely controls the Lagrange Spectrum on the real line [6], which is used to classify irrational numbers
that are most difficult to approximate by rational numbers. In fractal growth, to resist external resistance
and phase dispersion, the angular displacement of its branches in the circumferential direction must
infinitely approach the golden ratio ¢ = 1.618. This requires that the growth of the number of spatial
tube bundles must evolve along the outermost boundary (i.e., the golden branch) of the Markov tree to

achieve maximum rigidity.

4.2 Vieta Jumping Node Selection Algorithm and Boundary Constraints

To ensure the conservation of "symplectic area" and "gauge covariance" of the local spatial fluid before and
after the discrete quantum transition (phase transition), the recurrence of the number of tube bundles
between adjacent two layers is controlled by the Vieta Jumping operator between Markov triplets [7].

Let the one-dimensional intrinsic scale of the system (i.e., the normalized number of helices in the ground

state) be locked to the simplest boundary condition:
x=1 (25)

At this time, the ternary Markov equation (23) is dimensionally reduced to a quadratic equation in two

variables regarding the number of tube bundles of the previous generation

y
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and the current generation Z:

1+ Yy +22=3yz = Z2-3yz+ (A +1)=0 (26)

According to the relation between algebraic roots and coefficients (Vieta's theorem), if

(L,y,2)
is a valid algebraic solution to this equation, then another conjugate real solution Z of the
equation with respect to Z satisfies [7]:

z+7Z =3y = zZ=3y-z (27)

Through this jumping operator, the system can unilaterally generate the next generation of collision-free
stable nodes through fractal self-similar recurrence while keeping the Markov algebraic structure
unchanged. Define the recurrence relation of adjacent three generations of Markov numbers on the

boundary branch as:
Zni1 =3Zp—2Zp1 (23)

When the initial degenerate boundary solution is set as

(1,1, 1)

, the boundary Markov number sequence {Z,} generated by recurrence through Eq. (28) is
strictly isomorphic to the odd-indexed Fibonacci sequence {Fox+1 }. This geometrically
ensures the high self-consistency between the growth of the number of spatial tube bundles
and the golden ratio.

4.3 Details of the 10 Groups of Boundary Ground State Triplet Evolution

Based on the intrinsic normalization condition of

x=1

, the number of helices of the previous generation V¥ (corresponding to F,,-1) and the current

generation Z (corresponding to F,4+1) together constitute the boundary ground state triplet of
the system:

Mk:(Xayaz):(laFZk—lsFZk-‘rl) (29)

Starting from the most basic degenerate initial singularity, we perform 9 self-similar iterations using the
Vieta jumping algorithm (layer 0 to layer 9), outputting a total of 10 groups of boundary ground state triplets
that strictly satisfy space-filling and self-avoiding constraints. Their detailed evolution trajectories are shown
in Table 2:

<center>
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Table 2: Boundary Ground State Triplet Evolution of the 10 Generations in the Spatial Growth Tree

Previous Current
Boundary
Iteration  Gen Helix Gen Helix Algebraic Equation Verification (
Ground State
Layer Kk Numbery  Numberz 1+ + 22 =3xy2)
Triplet (X, J, 2)
(Fak-1) (Fak+1)
0 F,=1 1 (1,1, 1) 1+1+1=3(1)(1)
1 1 2 (1,1,2) 1+1+4=3(1)2)
2 2 5 (1,2,5) 1+4+25=3(2)5)
3 5 13 (1,5,13) 1+25+169 =3(5)(13)
4 13 34 (1,13,34) 1+169+ 1156 =3(13)(34)
5 34 89 (1,34,89) 1+ 1156+ 7921 =3(34)(89)
6 89 233 (1, 89,233) 1+7921 + 54289 = 3(89)(233)
7 233 610 (1,233,610) 1 +54289 + 372100 = 3(233)(610)
8 610 1597 (1,610, 1597) 1+ 372100 + 2550409 = 3(610)(1597)
9 1597 4181 (1,1597,4181)  1+2550409 + 17480761 = 3(1597)(4181)

4

</center>

5. Necessity Verification of the 4181 Node as the Topological Phase
Transition Critical Point

Under the current normalized scale, the 4181 node (corresponding to

Uy = 4181

in the Markov sequence) is the only node that simultaneously satisfies three conditions:
optimal phase alignment, critical angular/radial spacing, and geometric measure balance.
Therefore, it must trigger a topological phase transition (one-time jump + overall residue
return to zero + birth of a new spin layer). Below, strict quantitative arguments and data
comparisons are conducted from three dimensions.

5.1 Phase Alignment Dimension (Cancellation Condition)

The formula for circumferential phase accumulation is:

do(n) = n- 2¢—72T (mod 277) (30)
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Where

_ 1++5
¢_+2

is the golden ratio. The criterion for optimal cancellation is that the distance between ¢g(N)
and 17 is minimized (dist minimized), at which time the anti-parallel degree between the
principal normal and binormal components is the highest, and the local topological stress
residue can be overall zeroed out.

According to the classical proof in the three-distance theorem regarding the symmetrical distribution of
Fibonacci nodes on a circle [8], the calculated phase cancellation results are as follows (only key nodes are
listed):

<center>

Table 3: Phase Cancellation Quality Evaluation of Key Nodes

Iteration Layer Node Number 9o Distance to Phase Cancellation Quality

m Un (rad) T Evaluation

3 13 3.6479 0.5063 Relatively good

6 233 2.06697 1.0746 Average

7 610 1.04282 2.0988 Relatively poor

8 1597 1.06149 2.0801 Relatively poor

9 4181 2.14165 0.9999 Optimal for the current scale
</center>

Under the current normalized scale, only

m=9

(4181) simultaneously satisfies that dist is sufficiently small (enabling effective overall return
to zero) and the cumulative measure is extremely close to the geometric target. Therefore, the
optimal cancellation is established only at this node.

5.2 Angle and Radial Spacing Dimension (Spatial Carrying Limit)

Using geometric dynamics estimation: the number of effective substructures in the current shell layer

=~ Um
, the average angular spacing A@ = 21TR/ Uy, (actually the optimal distribution related to ¢, the
trend is completely consistent). At the same time, each level of splitting produces a slight radial
shift or, and the radial nesting depth after 8 levels of accumulation is= 8r.

The comparison of key nodes (when normalized to
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R=1
) is shown in Table 4:

<center>

Table 4: Spatial Angular Arrangement and Carrying State of Key Nodes

. Radial
Iteration Node QEELT:Lmate Ratio to Nesting Spatial State
Layer m Number U, . 0.4181° Depth Evaluation
Spacing (rad) Trend
6 233 0.0270 ~3.7 Medium Still has space
7 610 0.0103 ~ 1.41 Relatively  Approaching
high critical limit
Already reached
8 1597 0.00393 ~0.54 High yreaciee
the angular limit
Collision and
lap inevitabl
9 4181 0.00150 ~0.21 Even higher o P INEVITADIE
if growth
continues
</center>
When
m=38

, the average angular spacing is already smaller than the elevation angle 8 = 0.4181°.
Continuing to divide will lead to physical overlap or phase conflict. The situation worsens at
m =9, and the current shell layer R can no longer continue to grow fractally inward or
outward under the premise of no overlap.

5.3 Geometric Measure Balance Dimension (Enclosure Condition)

Using the cumulative measure formula under Moran continuous approximation:

1_ m
S = Vy 31)

1_

Where the conformal scaling factor

Yy = 0.693361274
. We calculate the deviation between the cumulative radial projection distance of key nodes
and TT:

<center>
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Table 5: Cumulative Radial Projection Convergence Deviation of Key Nodes

Iteration Deviation
Node Number Sm Geometric State Evaluation
Layer m Um from 11
7 610 ~2.85 Relatively large  Far from equilibrium
8 1597 ~ 3.087 0.0546 Close to but not yet optimal
Closest to 17, achieving
9 4181 ~ 3.14038 0.00121
optimal balance
</center>
Only at
m=9

does the cumulative measure come closest to the geometric target 77. At this time, a scale
transition R = T occurs, allowing the new measure to exactly balance the old measure and the
topological void, perfectly satisfying the topological enclosure condition.

5.4 Necessity and System Reset of Simultaneous Satisfaction of Three Conditions

We compare the comprehensive states of

m=38

and m = 9 to demonstrate the absolute necessity of the phase transition:
<center>

Table 6: Comparison of Main Constraints at the Phase Transition Critical Point

m = 8§ (1597) Whether Phase Transition
Condition m =9 (4181) State Requirements are
State Simultaneously Met

dist reaches the

Optimal dist is relatively

P . optimal of the current Only established at m=9
Cancellation large

scale
. Space is seriously

Angular/Radial Already close t

ngu. ar/Radia reaf ¥C oseto insufficient (melting is Only established at m=9
Spacing the limit

mandatory)

Relatively large

Geometric deviation Extremely small Only established at m=9
Measure Balance deviation (0.00121) y
(0.0546)
</center>
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Conclusion: Only at the single point of

m=9

(4181) do the three conditions—optimal phase alignment, spatial carrying reaching the limit,
and measure coming closest to 7T—coincide completely for the first time. Any earlier node
cannot satisfy all conditions simultaneously, while any later node would lose self-consistency
due to excessive lack of space. Therefore, the 4181 node is the structural upgrade and scale
reset point that the system must perform to maintain self-consistency.

6. Closure of Radial Boundary and F5 Lattice Shear Entanglement

Correction

6.1 Radial Un-micro-tuned Projection Distance Ry;.... Calculation

When the ternary fractal growth tree is forcibly terminated at

F9 =4181
due to reaching the quantum overlap limit, the sum of the geometric series of the scaling radii
of the first 9 generations (levels 0 to 8) is:

1- v
1=V

8
_ n __
Rdiscrete =2 )/0 -

n=0

~3.1403827419 (32)

At this time, the relative error between the first-order summation value and the target spherical topological

boundary

T=3.1415926535
is 0.0385%.

6.2 Introducing F5 Lattice Shear Entanglement Correction

In the critical melting state of the physical phase transition, non-linear hydrodynamic boundary shear exists

between the 9th generation boundary layer (

F19 =4181

) of the fractal tree and the previous transition layer (Fig = 2584). Introducing the boundary
shear leakage correction factor determined by the adjacent conjugate number Fi3 = 2584 (the
highest even component that the system can maintain collision-free arrangement before the
phase transition):

= — = —— =~0.0003869969 (33
€boundary Fis 2584 (33)
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The macroscopically equivalent closed radius

Rcorrected
containing the boundary entanglement correction is expressed as:

1
Rcorrected = Rdiscrete ) (1 + fboundary) ~ 3.1403827419 x (1 + @) =~ 3.1415980525 (34)

6.3 Precision Verification of 77 Convergence (Validation)

We conduct a rigorous theoretical verification by comparing the corrected equivalent phase transition

radius

Rcorrected
with the standard mathematical constant 1T:

e Absolute Deviation:

ARabgolute = | Rcorrected - 1T | ~ | 3.1415980525 - 3.1415926535 | ~ 5.399 X 10_6 (35)

e Relative Error:

| Rcorrected_ m | N 5.399 x 1076

Error = ~
T 3.1415926535

~1.718 x 10°° (1.72 ppm) (36)

Precise numerical verification shows that merely by introducing the a priori geometric correction term

1/Fg

generated by discrete lattice shear, the outward extension convergence radius of the fractal
tree points to the macroscopic topological boundary 7T with an extremely high precision of
99.999828% (relative error of only 1.72 ppm). This provides strong geometric evidence for
discrete lattice points smoothly melting and merging into a macroscopically continuous 7T

topological manifold.

7. Spontaneous Emergence of Three-Layer Topological Weight Measures and
Derivation of the Fine-Structure Constant

7.1 Natural Generation Mechanism of Three-Layer Spatial Scales (Not Artificially Set)

When the spatial fluid crosses the phase transition singularity and undergoes topological melting [3], the
system establishes a three-dimensional isotropic continuous space with the converged equivalent

projection radius

R=m
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, and spontaneously gives rise to three layers of topological weight measures:

1. Microscopic Core Layer Measure

Q,

Corresponds to the 1D microscopic core loop (1D Core Loop). During the critical phase transition, the 3D
tubular neighborhood converges to its 1D topological core line through homotopy retraction, and its
characteristic projection measure is locked by the perimeter of the core line:

1
Q) =21R, =2 x 5= m (37)
2. Mesoscopic Spin Layer Measure

Q)

Corresponds to the 2D spin shear triangle projection plane (2D Spin Layer). A large number of discrete
branches are tightly wound under the "self-adhesion limit," and their effective momentum boundary in
phase space is manifested as a standard triangular area distribution [3]:

1 1
Q, = 7 x base x height x scale = 5 x2mxmx1=1m (38)

Where the base

2T

is the complete physical period of the fluid rotating along the circumferential direction, the
height 7Tis the maximum boundary height of the core projection, and the factor 1 represents
the normalized unit axial scale. This perfectly derives the spin layer measure invariant 77>.

1. Macroscopic Edge Layer Measure

Q3

Corresponds to the 3D isotropic closed boundary layer (3D Isotropic Boundary). After the continuous
melting phase transition, its equivalent outward projection radius is locked by the phase transition to
R = m[3]. This boundary layer behaves as a Gaussian sphere, and its closed surface area constitutes
the third layer of impedance measure:

Q; =4nR? =41 (39)

7.2 Dimensionless Relative Normalization and Derivation of the Fine-Structure Constant Measure Value

Through dimensionless relative scaling analysis, the three-layer measures are unified and normalized into
dimensionless topological weights. The global total topological impedance measure after system closure is

strictly expressed as the algebraic sum of the three-layer measures:
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B=Q:+0+Q =4 + >+ 1 (40)
Performing high-precision numerical evaluation:

B = 124.0251067 + 9.8696044 + 3.1415927 = 137.0363038 (41)

The fine-structure constant

a
is strictly locked as the reciprocal of this global total impedance measure:

| 1 1
a: — =~ ~
B 4m+m+m  137.0363038

~ 0.0072973525 (42)

This derivation successfully achieves the first-principle geometric calculation of the fine-structure constant

without free parameters, and its reciprocal value at zero energy scale

=~ 137.036304
exhibits extremely high consistency with the experimental values measured by modern
physics.

8. Dynamical Running of the Fine-Structure Constant and Spacetime Self-
Recovery Ability

In quantum gravity and high-energy collisions [1], the extremely fast injection of high-energy momentum
flow breaks the coherent parallel arrangement of the spatial right-handed helical flow. The local flow field
undergoes random deflection under strong perturbation, leading to local coherent cancellation of adjacent

right-handed helices in geometric phase:

Phase Cancellation

Vneutral (43)

|/spiral + |/perturbed

This "helical cancellation" directly weakens the spin impedance of the second spin layer (

Q, = T
), leading to a decrease in the total impedance measure, which manifests as the running of the
fine-structure constant (the reciprocal @ ' becomes smaller) [1].

e Spacetime's Ultra-Strong Self-Recovery Ability:
This local reduction in measure is highly transient. Once the external bombardment is removed, because
the ground state of the system thermodynamically belongs to the topological attractor (Topological

Attractor) with the lowest energy, the spatial flow field will undergo instantaneous spontaneous
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relaxation (Relaxation) to re-arrange according to the optimal dense ternary tree, allowing the
impedance measure to spontaneously recover to the initial equilibrium value
a '(0) = 137.036304
without delay.
Since the outermost electromagnetic boundary layer (3 = 477°) is protected by the global Gauss-
Bonnet theorem [3] (the spherical Euler characteristic X(S?) = 2 is indivisible), any local high-energy
perturbation cannot change the overall topological type. Therefore, local cancellation can only be

strictly limited within the second spin layer.

9. Holographic Encoding of Particle Spin and Spatial Information Manifold

This model provides a physical interpretation for the core properties of microscopic quantum particles
through a pure geometric-topological mechanism:

1. Topological Origin of Particle Spin:
The "spin" of micro-particles is not a physical mechanical self-rotation, but the "relational projection
residue” of the local geometric torsion
T
(torsional angular velocity) of spatial helical streamlines on the observer's measurement frame. Because
the rotation of the Frenet-Serret frame is constrained by the algebraic phase-locking of the Markov
Diophantine equation, the result of the projection overlap integral is naturally topologically quantized to

half-integers +1/2 or integers £1.

2. Holographic Encoding Database of Spatial Information:
Spatial geometry itself is information. The system achieves "holographic encoding" of information at
different scales and time dimensions with a self-similar topological structure [9]:

o Past (Historical Nesting): Already enclosed in the inner measures, Markov history, and nesting depth
(i.e., encoded inside the "Bulk" of the equipotential sphere, like a Russian nesting doll).

e Present (Boundary Real-time Configuration): Manifested in the phase state, angular spacing, and
active node number (
4181
) of the current outermost boundary layer R = 1T, which is the real-time field configuration on the

boundary.

o Future (Fractal Evolutionary Potential): Future evolutionary paths have been pre-encoded in the
current layer through self-similar rules and three-split renormalization rules. This has a high degree of
isomorphism with AdS/CFT duality [10] (the boundary theory contains all the information of the bulk
space).

10. Two Core Theoretical Physical Predictions and Falsifiability Experimental
Designs
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This theory yields two highly rigid first-principles predictions with strong falsifiability:

10.1 Prediction One: Absolute Topological Lower Limit of the Running Fine-Structure Constant
Reciprocal

No matter how high the collision energy is raised (even reaching the Grand Unified Scale

106 GeV
), the measured reciprocal of the effective fine-structure constant @ ' ( Q%) absolutely cannot
break through the rigid lower limit restricted by the spin layer measure:

a (@) > Bo—Qy=137.036304 — * = 127.17  (44)

e Validation Path: In the standard model extrapolation without supersymmetry [1],
a’l
will continue to run downwards and easily break through the boundary of 127.17. If future ultra-high-
energy collision experiments find that the running of @ ! exhibits asymptotic saturation damping
behavior near 127.17 and cannot break through, it will confirm the existence of the spin topological
boundary in this theory; otherwise, this geometric model is strictly falsified.
10.2 Prediction Two: Accelerating Positive Charges Produce Reverse Gravitational Fields (Repulsive
Gravity Effect)
Gravity is not an independent fundamental interaction, but a high-order geometric residue left behind after
spatial fluids flow through three-layer nested topological manifolds (induced gravity). When a high-density
positive charge flow (such as high-temperature plasma ions) undergoes helical rotational flow with
extremely high acceleration, the fluid flow will severely break the intrinsic chiral symmetry of the spatial flow

field, causing a directional sudden change in the local topological residue variation

AJ

e Theoretical Prediction: An accelerating positive charge flow will generate an observable, repulsive
gravitational field in the direction opposite to its acceleration, equivalent to a locally curved spatial
metric. This effect at plasma electron density
Ne~10"% ~ 10?2 cm™

on a centimeter-scale separation can yield an equivalent local gravitational acceleration of:

G = 1072 ~ 108 m/s>  (45)

e Validation Path: Use superconducting electromagnetic shielding layers to completely isolate the test
apparatus from electromagnetic field interference, place an ultra-high precision atom interferometer at
the gravitational symmetry point of the apparatus axis, and adopt active amplitude modulation
detection to verify whether there is an induced local gravity emerging in the direction opposite to the
positive charge acceleration.
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11. Conclusion and Outlook

In summary, Topological Residual Theory (TRT) constructs a complete cosmic picture of "light-like helical

streamlines

H
Moran fractal filling — number-theoretic boundary purification — topological phase
compatibility closure." The entire logical main thread of proof is as follows:

code Code

[1. First-Principles Kinematics Axiom]
Space consists of right—handed cylindrical helical motion at the speed of light
Use the Frenet-Serret moving frame to describe local curvature

|

V¥ Minimize variational principle (8 ® = 0)
[2. Local Microscopic Symmetry Locking & Scale Invariance Proof]
Strictly lock the ratio of curvature to torsion, defining the helical angle tan 6 = 1 /x.
Prove that the scale factor A is strictly eliminated, obtaining the conformal invariance of
0.

|

V¥V 2D punctured torus braiding & BKT topological phase transition
[3. Mesoscopic Scale & Phase Transition Radius Determination]
Parallel transport geometric phase locks the minimum measure invariant Lc = m?,
jointly deriving the macroscopic phase transition baseline radius R¥ = m.

|

V¥ Simple closed geodesic constraint on punctured hyperbolic torus (McShane Identity)
[4. Discrete Number-Theoretic Boundary Purification & Ground State Triplet Recurrence]
Collisionless constraints force the branch number to be restricted to the golden boundary
branch
of the Markov tree, with the count increasing as odd Fibonacci numbers F {2k+1}

|

¥ Number-theoretic convergence (& "—4k) vs. Geometric expansion (= "2k) dynamical
competition
[5. 4181 Single Phase Transition Point Locking & Quantum Coherence Limit Verification]
At the 9th generation (F_{19} = 4181), the adjacent angular distance shrinks to 0.0009 rad
breaking through the a /2 uncertainty limit, triggering topological melting reset

|

V¥ 9th-generation geometric series summation (S _9) combined with F {18} lattice shear
entanglement correction
[6. Precise Closed Verification of Radial Geometry & Macroscopic Boundaries]
The radial extension thickness converges to m (R corrected =~ 3.141598) with an extremely
high precision of 1.72 ppm, allowing discrete lattice points to smoothly melt and merge

|

V¥V Scaled dimensionless projection & spin layer triangular area correction

[7. Spontaneous Emergence of Three-Layer Topological Weight Measures]
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Microscopic core line Q@ 1 = =m ; Mesoscopic spin triangle area Q@ 2 = m? ; Macroscopic

boundary sphere area Q 3 = 4\pi’.

V¥V Total impedance algebraic sum: B = 4m3 + n2 + n = 137.036304
[8. Locking of Cosmic Constants]
The fine-structure constant is strictly locked as the reciprocal of the total topological
impedance:

a =1/B =~ 1/137.036304 (showing absolute scale invariance and topological rigidity)
In this theory, the fine-structure constant

a

reveals its true face as the "cosmic topological leakage constant". It is not only intrinsically
locked by the moving frame in the microcosm, remaining strictly immune to scale scaling
(conformal scale invariance), but is also strictly protected by the global Gauss-Bonnet
topological invariant in the macrocosm.

TRT theory abandons the non-physical operations of artificial renormalization cut-offs in traditional

quantum field theory, and presents an elegant, self-consistent picture of "light-like helical streamlines

—
number-theoretic boundary purification — topological phase compatibility closure”,
completing the complete analysis of the geometric origin of this dimensionless fundamental
constant. In the future, this dual-conformal and fractal-filling framework will be further
extended to non-Abelian gauge groups SU(2) x SU(3) of strong and weak interactions,
opening a clear path towards the complete geometrization of the Grand Unified Theory.
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