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Abstract

Modern physics faces a profound theoretical chasm when bridging microscopic quantum scales and macroscopic
cosmological scales, most notably manifested in the hierarchy problem and the dark matter hypothesis. Based on the
first principles of spatial fluid dynamics, this paper proposes a scale-dependent spacetime topological phase transition

model. The model postulates that the fundamental geometric topology of spacetime is a cylindrical spiral manifold (

S'xR

). When the particle number reaches the stellar mass scale (N = 10°7), the rotational degrees of freedom
of microscopic spirals cancel out due to statistical decoherence (governed by the central limit theorem).
Consequently, the spatial topology collapses into a purely divergent, isotropic Gaussian sphere (S5?),
which manifests macroscopically as classical Newtonian gravity. Starting from the first-principle axiom
wr = C, this paper rigorously derives the pure geometric expression for the universal gravitational
constant G = ¢ r(z)/h, proving that Gis intrinsically a topological constant determined by the critical
radius ry of the topological phase transition. Furthermore, at galactic and cosmic web scales (

N = 10 — 1089), stars act as new fundamental units, and their collective spin generates macroscopic
spacetime torsion within the framework of Einstein-Cartan theory. This torsion drives spontaneous
symmetry breaking, thereby reconstructing a macroscopic cylindrical spiral structure. Supported by
numerical integration and recent astronomical observations (e.g., cosmic filament spin, CMB anomalies),
this model provides a computable and falsifiable pure geometric pathway toward unifying quantum
mechanics, general relativity, and dark-matter-free cosmology.
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1. Introduction

In the standard cosmological model (

A

CDM), gravity is considered the sole fundamental force dominating the macroscopic universe. However,
traditional theories of gravity (Newtonian mechanics and General Relativity) treat the universal
gravitational constant G as a fundamental input parameter, failing to explain its numerical origin and the
hierarchy problem (the gravitational force corresponding to Gis approximately 10%° times weaker than
electromagnetism). Concurrently, to explain anomalous galactic rotation curves, theoretical physicists
have been compelled to introduce the "dark matter" hypothesis.



This paper proposes that the geometric topology of spacetime is not invariant across all scales. Instead, it undergoes

periodic "topological phase transitions" as the number of particles (

N

) in the system increases. By integrating a statistical topological model (random walk and the Gauss-
Bonnet theorem) with a scale-dependent phase transition model (Einstein-Cartan torsion and
Weyssenhoff spin propagation), and combining the first-principle axiom wr = C, this paper rigorously
proves that Gis a topological constant whose existence and functional form are strictly determined by
topological phase transitions.

2. Theoretical Framework: Topological Alternation and Statistical Decoherence
2.1 Microscopic Basis: Cylindrical Spiral Topology (N = 1)

We postulate that the spatial flow field surrounding an isolated fundamental particle (e.g., an electron) satisfies the first-

principle axiom

wr==c¢

(the transverse tangential velocity constantly equals the speed of light). This flow field can be
decomposed into radial divergence and transverse rotation, characterized by extreme spatial anisotropy
and non-zero vorticity (V x Vo = 0). Its geometric topology is a cylindrical spiral manifold (S' x R).

2.2 The First Topological Phase Transition: Emergence of the Gaussian Sphere (N = 10°7)

When microscopic particles aggregate into a macroscopic object, their spiral axes are randomly distributed in three-

dimensional space. For a system containing

N
particles, the effective macroscopic vorticity Q¢ is the ensemble average of the local vorticities.
According to the Central Limit Theorem, when the particle number reaches the stellar mass scale (

N > N, = 10°7), the expectation value of the macroscopic vorticity approaches zero:
- - o,
(Qer) =0, [ Qe | ~ \/—(/‘\i/

At this point, the macroscopic vorticity completely vanishes, resulting in "topological decoherence.”
Since V X V. = 0, the flow field degenerates into an irrotational potential field. According to the Gauss-

Bonnet theorem (X = 2), the equipotential surface is forced to collapse into a purely divergent Gaussian

sphere (S?), inevitably yielding a scalar potential ¢ o< —GM/r.

2.3 The Second Topological Phase Transition: Macroscopic Spiral Reconstruction (N ~ 10 — 10%%)

When stars aggregate into galaxies or the cosmic web, the system carries a collective spin density

SHY
. In the Einstein-Cartan (EC) theory, spin density generates spacetime torsion Qpy, which modifies the
geodesic equation and produces a transverse spiral velocity field V| = Q x 7| . At extremely high N



scales, torsion breaks the statistical average, driving a macroscopic spiral reconstruction from

S$?— S' xR,

3. Topological Origin and Derivation of the Universal Gravitational Constant G
Starting from the first-principle axiom

wr==c

, combined with the geometric properties of the microscopic spiral manifold and the macroscopic
topological phase transition, we rigorously derive the expression for the universal gravitational constant
G, proving its nature as a Topological Constant.

3.1 The Origin of Centripetal Acceleration in Spiral Motion

According to

wr==c
, the transverse tangential velocity of the spiral is constantly the speed of light. The acceleration vector at
any given moment is given by the second derivative:

Substituting w = ¢/, we obtain the pure geometric origin form of the centripetal acceleration:

c,2 c
a=w’r=(=) r==—
r r

This equation represents the pure geometric origin of spiral motion, requiring no metric tensor or
additional fields.

3.2 Geometric Quantization Definition of Mass

In the rest-mass eigenstate (axial velocity

Vaxial = 0

), the transverse velocity is V| = wr = C. Introducing the angular momentum quantization condition
L= mrv, = h(afundamental experimental fact), we derive the geometric definition of microscopic
mass:

h
mrc=n = m= —
cr

For a central celestial body (macroscopic mass M), assuming its equivalent spiral characteristic radius is
Iy, we have:



This definition arises directly from spiral geometry and quantization, bypassing the traditional
Newtonian concept of mass.

3.3 Critical Conditions for Topological Phase Transition and the Derivation of G

As described in Section 2.2, the microscopic spiral undergoes its first topological phase transition at

N = 10”7
. The Gauss-Bonnet theorem forces the equipotential surface to be an S? sphere, ensuring that
macroscopic gravity is necessarily spherically symmetric.

In the self-gravitating ground state (where the observation distance

R

equals the spiral's characteristic radius 1y, i.e., the critical scale of the topological phase transition), the
original spiral acceleration must strictly close with the 1/> Newtonian gravity form guaranteed by the S?
topology:

Multiplying both sides by I’% - Cry and rearranging, we finally obtain the pure geometric expression for G:
cr

6=

3.4 Topological Origin of 1, and Proof of Non-Circularity

The above derivation is not a circular argument.

I
is not an externally inputted parameter, but an endogenous critical parameter of the topological phase
transition:

1. Statistical decoherence and the Gauss-Bonnet theorem force the macroscopic field to collapse into an

S2
sphere.
2. At
N = 10”7

, Statistical decoherence intervenes at the critical scale, naturally giving rise to the characteristic radius rp.



lo
is first determined by the topological phase transition (S! x R — §?), and Gis the inevitable mathematical

consequence of this phase transition. The derivation involves no presupposition of the Planck length, and the causal

direction is "Topological Phase Transition — ry — G".

Within this framework,

G

and the fine-structure constant @ hold parallel topological statuses:

G

(Radial Topology): Dimensional, forced by the S? sphere, its numerical value requires experimental measurement
(to anchor rp).

a
(Chiral Topology): Dimensionless, determined by phase degrees of freedom (@ = g?/4ThC acts as a chiral
projection factor), its numerical value requires experimental measurement.

Both are unified under homologous topological statistics. The hierarchy problem (

1040
) essentially originates from the random walk residual v/N/N (when N = 10%9),

4. Numerical Simulation and Verification of Topological Criticality

To verify the analytical derivations and the criticality of

ro
, we conducted joint numerical simulations.

4.1 Monte-Carlo Joint Simulation

We constructed a system containing

N = 5000

particles to jointly simulate statistical decoherence and the Einstein-Cartan torsion term. We defined a
joint order parameter Mioint = v/ Maae + Mosrsion-

The simulation results show a sharp topological phase transition at the normalized critical point

horm = 0.0126. The left side is statistically dominated, collapsing into a spherical phase; the right side is
torsion-dominated, undergoing spiral reconstruction. This directly confirms that r; is the topological
critical radius (computable), though its absolute value still requires anchoring via the measurement of G.

4.2 Weyssenhoff Fluid Dynamics Integration
We employed scipy. odeint to perform high-precision numerical integration of the Weyssenhoff ideal spin fluid
equations. Inputting 8 stellar point masses:

e Low-



N
Phase (Q = 0): Vorticity is completely canceled. Particle trajectories exhibit straight/elliptical motions governed by
a central potential field, consistent with the Gaussian spherical topology and Newtonian gravity expectations.

e High-
N

Phase (27 = 2.5): When the collective spin density exceeds the critical threshold, the torsion-driven term

dominates, and particle trajectories spontaneously evolve into perfect cylindrical spirals, confirming the
macroscopic reconstruction of the S! x R topology.

e Spin Conservation: Integration of the spin propagation equation for particles with initial random spins, enforcing

the Frenkel condition (

Z'UVUV = 0
) via projection operators, shows that the spin vectors exhibit perfect circular precession on the unit sphere (

| S| =1, error< 107%), validating the self-consistency of the theory.

5. Particle Number Hierarchy and Mathematical Mapping to Dirac's Large Numbers

This model indicates that the geometric morphology of the universe exhibits strict exponential hierarchical alternation

with the particle number

N

, forming a profound mathematical resonance with Dirac's large numbers hypothesis:

e Hierarchy 0 (Microscopic State,

N=1

): Pure spiral state. The dominant force is electromagnetism.
¢ Hierarchy 1 (Stellar State,

N = 10°7

): Gaussian sphere state. Rotation is canceled; gravity dominates.
e Hierarchy 2 (Galactic State,

N = 10%

): Secondary spiral state. Stars aggregate into spiral galaxies.

¢ Hierarchy 3 (Cosmic Web State,
N = 1030

): Ultimate spiral state. Corresponding to the Eddington number, galaxies aggregate into rotating cosmic filaments.
This alternation of "Spiral

—

Sphere — Spiral" mathematically constitutes the fractal characteristics of spacetime geometry.



6. Astronomical Observational Data and Empirical Support

If this theory holds, giant spiral motions composed of "spheres" as fundamental units must exist in the macroscopic
universe. Recent astrophysical observations provide decisive empirical support:

1. Galactic-Scale Spiral Motion (Dark Matter-Free): The flat rotation curves of galaxies are a natural consequence of
spatial spiral fluid dynamics (driven by torsion), eliminating the need for the dark matter hypothesis.

2. Global Spin of Cosmic Web Filaments: In 2021, Wang et al. confirmed that the giant filaments connecting cosmic
web nodes are rotating globally around their central axes [1]. Geometrically, this constitutes a perfect "macroscopic
cylindrical spiral motion," directly proving the evolution of spatial topology toward cylindrical spirals at the
N ~ 107

scale.

3. CMB Anomalies and Galactic Chirality Dipoles: The "Axis of Evil" observed in the CMB by the Planck satellite [2],
along with the large-scale multipole alignment of spiral galaxy spin directions discovered by Shamir (2020) [3],
strongly implies that the underlying space of our entire observable universe is undergoing a global spiral motion
around a macroscopic axis.

7. Discussion and Conclusion

By introducing the statistical phase transition of geometric forms and Einstein-Cartan torsion gravity, this paper resolves
a long-standing conundrum in physics: how microscopic quantum properties transition into macroscopic classical
properties, and why rotational structures re-emerge at even larger cosmological scales.

The core conclusions are as follows:

1. Universal gravitation is the radial residual of microscopic spirals (rigorously derived from
V x Veff =0

), and its spherical symmetry is forced by Gauss-Bonnet topology.

2.
G=Crih
is a topological constant: Its functional form and existence are strictly determined by the phase transition, and its

numerical value can only be measured (/y being the topological critical parameter).

3. The reconstruction of macroscopic spirals has a solid dynamical foundation. It is strictly driven by the Einstein-
Cartan equations and the variation of the Weyssenhoff action, and is directly corroborated by numerical integration
and the latest astronomical observations (cosmic filament spin).

This model elevates gravity from a "fundamental force" to a "topological residual," providing a computable and
falsifiable pure geometric pathway for unifying quantum mechanics, general relativity, and explaining dark matter
phenomena.
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