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Geometry of Existence

The Geometric Process of Mass—Energy Formation
Based on Multiplicative-Invariant Phase
Equilibrium

Abstract

Why does nature generate stable structures over an enormous range of scales while
preserving a coherent and persistent order?

This work proposes Geometry of Existence, an ontological and geometric framework in
which stable physical entities emerge through time-independent phase equilibrium and
multiplicative-invariant geometry, rather than through particles evolving along a
fundamental time axis.

Within the Complex Oscillator Dynamics (COD) framework, the fundamental structure of
existence is expressed as

S=P+iQ,
where a stable entity satisfies the intrinsic equilibrium condition

P=1Ql.

Existence is therefore interpreted as the recursive self-organization of complex phase fields
whose local phase mismatch continuously converges toward equilibrium,

A(AD) — 0.

This process gives rise to a stable Complex Quaternionic Spherical Oscillator, which is
proposed as the common ontological structure underlying physical entities across all scales.

Mass is interpreted as the geometric condensation of a self-consistent phase field rather than
as an elementary primitive. The resulting Mass Geometry is described by a multiplicative-
invariant relationship between local and global structures, while the characteristic constants
governing phase transfer and gravitational condensation satisfy reciprocal geometric
eigenvalue relations. Within this framework, the universal phase-transfer scale and the local
gravitational-condensation scale are interpreted as complementary manifestations of a single
geometric principle.
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The recursive organization of existence is proposed to develop through successive structural
levels, from bosonic phase fields (k'), non-commutative energy structures (k?), and stable
massive quaternionic oscillators (k?), to highly condensed gravitational configurations (k*).
The detailed treatment of the highest condensation state is presented separately in the
Supplementary Material.

Rather than introducing independent laws for different physical domains, the COD
framework proposes that the diversity of nature arises from repeated self-organization of a
single geometric principle. In this interpretation, Geometry of Existence provides a unified
ontological framework grounded in multiplicative invariance and time-independent phase
equilibrium.

1. Introduction

Modern physics has achieved remarkable success in quantitatively describing natural
phenomena. Classical mechanics, quantum mechanics, general relativity, and the Standard
Model have each demonstrated substantial predictive power within their respective domains
and have laid the foundation for modern science and technology.

Despite these achievements, a fundamental question remains unresolved: why do stable
physical structures exist across an enormous range of scales? While mass, space, fields,
particles, and interactions are commonly treated as fundamental entities, a unified geometric
principle underlying their stable organization has yet to be established.

This study proposes the Geometry of Existence as a unified geometric framework based on
Multiplicative-Invariant Phase Equilibrium. Within the proposed Complex Oscillator
Dynamics (COD) framework, existence is interpreted not as a collection of independent
particles, but as the recursive self-organization of a self-consistent complex phase field.

The fundamental state of existence is defined as

S=P+iQ,

subject to the equilibrium condition

P=1Q|,

where P denotes the global phase component and Q represents the local complex
quaternionic phase structure. Stable existence is further proposed to satisfy the recursive

phase-equilibrium condition

AAD) — 0,
Al Z K (@i —Dj)* ]| =0

and is interpreted as a Complex Quaternionic Spherical Oscillator.
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The present work develops the Geometry of Existence and interprets stable mass-energy
structures as geometric eigenstructures emerging through multiplicative-invariant phase
equilibrium.

2. Geometry of Existence

Modern physics describes mass, fields, particles, and interactions as the fundamental
constituents of nature. The COD framework proposes a more fundamental perspective: stable
existence is a geometrically self-consistent structure.
The fundamental state of existence is defined as

S=P +iQ,

where P denotes the global phase component and Q represents the local complex
quaternionic phase component.

A stable state is proposed to satisfy the phase-equilibrium condition
P=1Q|.

This condition represents a state of geometric self-consistency between the global and local
phase structures.

Within the COD framework, existence is not interpreted as a collection of independent
particles. Rather, it is understood as a geometric structure emerging through the recursive
self-organization of a complex phase field. The same organizing principle is proposed to
recur across all physical scales.

Accordingly, the Geometry of Existence is proposed as the geometric principle through
which stable physical existence emerges and is maintained.

3. Time-Independent Phase Equilibrium

The COD framework interprets stable existence as a state of time-independent phase
equilibrium, rather than as a process fundamentally governed by temporal evolution.

The stability condition is expressed as
AAD) — 0,

indicating that phase mismatches recursively diminish toward a self-consistent equilibrium.
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The same principle is formulated variationally as
O[ZKy(Di — @)*] =0,

where Kjj denotes the phase-coupling coefficient and @; represents the phase degree of
freedom of each local structure. This variational formulation describes the recursive process
through which stable existence emerges.

When this condition is satisfied, the system reaches a minimum phase-mismatch
configuration, giving rise to a stable equilibrium state.

Within this framework, time is not treated as an independent physical entity governing
existence. Instead, it serves as an observational parameter describing change, whereas the
fundamental variables are the phase structure and its condition of self-consistency.
Accordingly, motion is interpreted not as the generation of trajectories along a time axis, but
as the continuous restoration of self-consistency between local phase structures and the global

phase field. Stable existence is therefore proposed to correspond to the stationary state of a
Complex Quaternionic Spherical Oscillator satisfying time-independent phase equilibrium.

4. Multiplicative-Invariant Geometry

The COD framework proposes that stable existence preserves the same geometrically self-
consistent structure across all physical scales. This universal self-similarity is expressed
through the principle of Multiplicative Invariance.

The relationship between local and global structures is defined as

M-R=MT"r,

or equivalently,

M/M_T=r/R,

where M and r denote the local mass and its corresponding characteristic radius, while M_T
and R represent the total baryonic mass of the universe and the corresponding cosmic
reference radius, respectively.

These relations imply that local and global structures preserve the same geometric
proportionality, suggesting that stable existence shares a common multiplicative-invariant

geometry across all scales.

Introducing the normalized quantities,
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n=M_T/R,
p'=R/M_T,
popt=1

Within the COD framework, this relation is interpreted not merely as a proportionality, but as
a universal condition of geometric self-consistency through which stable structures preserve
their intrinsic geometry.

Accordingly, Multiplicative Invariance is proposed as the geometric constraint linking local

and global structures and as a fundamental principle underlying self-similarity and stability
throughout nature.

S. Mass Geometry

Within the COD framework, mass is not assumed to be an independent fundamental quantity.
Instead, it is interpreted as a geometric eigenvalue emerging from the condensation of a
complex phase field in a stable phase-equilibrium state.

The geometric definition of mass is expressed as
M o« [|VO]dV,

where V® denotes the spatial phase gradient.

The mass structure is characterized by the following geometric eigenvalues with the universal
reference structure:

A_c =243,

L G=1\3/6,

which satisfy

Ae-hG=1.

Accordingly, the global geometric structure of the universe is expressed as
c2=hc-G-MT/R,

or equivalently,
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148 G=ALG-c*-R/M_T.

149  Within this interpretation, ¢ is proposed as the geometric scale governing global phase
150 transfer, whereas G represents the geometric scale governing local phase condensation.
151  Rather than being independent physical constants, they are interpreted as complementary
152  geometric eigenvalues connected through multiplicative-invariant geometry.

153 From this perspective, mass is understood not as an intrinsic property of matter, but as a

154  geometric condensation emerging when local phase structures achieve time-independent
155  phase equilibrium with the global phase field.

156
157 6. Geometry-Derived Mass Eigenstructures

158 6.1 Stable Particle Mass Eigenstructures

159  Within the COD framework, stable elementary particles are interpreted as mass
160  eigenstructures emerging from time-independent phase equilibrium.

161  The corresponding mass-radius eigenstructure is defined by

162 r.i=V3-QGm_i/c?)

163 where
164 e m i: particle mass eigenvalue
165 e 1 1i:COD phase-condensation radius

166  The phase-condensation radius represents the intrinsic geometric scale associated with each
167  stable mass eigenvalue.

168  The following calculations employ the universal reference parameters
169 M _T=1.70 x 10> kg

170 R=4.40x10*m

171

172 Table 1. COD-Derived Stable Particle Mass Eigenstructures
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186
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188

189

190
191

192
193

194

Mass

Particle Eigenvalue
m_i (kg)

9.10938 x

10731

1.67262 x

10*27

1.67493 x

1077

Electron

Proton

Neutron

COD Mass-
Radius
Eigenstructure

r e=2.34339 x
105" m
r p=4.30282 x
107*m
r n=4.30875 x
1075 m

6.2 Interpretation

Normalized
COD Radius
r i/R
5.32588 x
10784

9.77913 x
10*81

9.79261 x
1078

Reference r_i/R
(Multiplicative
Invariance)

5.35846 x 107®
9.83895 x 107®!

9.85251 x 107®

Normalization
Offset

+0.6118%

+0.6118%

+0.6118%

Table 1 presents the COD mass eigenstructures of the electron, proton, and neutron.

For each particle, the observed mass eigenvalue uniquely determines a corresponding phase-
condensation radius through

ri=v3-(2Gm i/c).

The normalized radius r_i/R is then compared with the reference value expected from the
multiplicative-invariant relation

m i/M T=r i/R.

Using the adopted reference parameters, all three particles exhibit the same normalized offset
of approximately +0.6118%.
Within the COD framework, this common difference is interpreted as originating from the
adopted cosmological reference parameters (M_T, R), rather than from particle-dependent
effects. Consequently, the result suggests that a single multiplicative-invariant geometric
structure consistently describes the stable mass eigenstructures of elementary particles.

6.3 Connection to Macroscopic Structures

The corresponding macroscopic evaluation is presented in Supplementary Table S1, where
the same multiplicative-invariant relation is applied to the Sun and the eight planets.

The identical normalized difference obtained across both microscopic and macroscopic
systems indicates that the proposed relation

M/M T =1/R
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maintains a consistent geometric form over a broad range of physical scales.

Rather than representing multiple independent confirmations, these calculations demonstrate
the internal consistency of a single universal geometric relation

7. Discussion

This study proposes a COD geometric framework in which mass is interpreted as an
eigenvalue of existence, grounded in time-independent phase equilibrium and multiplicative-
invariant geometry.

From this perspective, every stable entity possesses an intrinsic mass and a corresponding
phase-condensation radius,

ri=\3-Q2Gm_i/c.

Accordingly, geometric quantities such as length, area, and volume are not regarded as
absolute measures independent of physical structure. Rather, they are understood as
components of an intrinsic mass—radius structure determined by the degree of
condensation of the phase field, or equivalently, by the magnitude of the gravitational
structure associated with that mass.

The present study quantitatively shows that this structure can be expressed through the same
multiplicative-invariant relation across both microscopic particles and macroscopic
astronomical bodies.

Future research may proceed in two principal directions.
1. Extension and validation of the geometric framework

The proposed framework should be extended to gravitation, quantum fields, cosmology, and
other physical domains, and evaluated through systematic comparison with experimental and
observational evidence.

2. Engineering applications of phase geometry

Multiplicative invariance and normalized phase-value structures provide a potential
foundation for phase control, energy transmission, electrical power systems, semiconductor
manufacturing, optics, quantum engineering, autonomous systems, and other engineering
technologies. These developments may establish a new field of phase engineering based on
geometric self-consistency.

Within the COD framework, the physical world is composed of mass as an intrinsic
eigenvalue of existence and of hierarchical, self-similar mass—radius structures formed in
correspondence with that mass. Length, area, and volume vary according to the condensation
structure of each phase field and the associated gravitational scale. This interpretation offers a

8
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new research direction for understanding microscopic and macroscopic structures within a
unified, time-independent geometry.

8. Conclusion

This study proposes a COD geometric framework in which mass is interpreted as an intrinsic
eigenvalue of existence, based on time-independent phase equilibrium and multiplicative-
invariant geometry.

Within this framework, every stable entity possesses an intrinsic mass together with a
corresponding intrinsic mass-radius structure. The present work shows that both microscopic
particles and macroscopic astronomical bodies can be described by the same multiplicative-
invariant relation.

This perspective suggests that geometric quantities such as length, area, and volume need not
be regarded as absolute measures, but may instead be interpreted as intrinsic geometric
properties determined by the condensation structure of each phase field.

The framework presented here provides a unified geometric interpretation of existence based
on time-independent phase equilibrium. It is intended as a theoretical foundation for future
investigations into its consistency with physical phenomena and its potential applications
across physics and engineering.

These developments may establish a new field of phase engineering based on geometric self-
consistency.

Supplementary 1

Macroscopic Validation of the Multiplication-
Invariant Physical Structure

Internal Consistency of the Multiplication-Invariant Mass
Radius (MIMR) Across the Solar System
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57 1. Ob] ective

258  This Supplementary examines whether the Multiplication-Invariant (MI) structure
259  proposed within the Complex Oscillator Dynamics (COD) framework maintains a
260  consistent normalized relationship at Solar-System scales.

261 COD proposes that every stable physical body possesses an Intrinsic Mass Radius, referred
262  to here as the Multiplication-Invariant Mass Radius (MIMR).

263  The MIMR is defined as

264 r MIMR=43:-(Q2GM/ ).

265  where

266 e G is the gravitational constant,
267 e M is the mass of the body, and
268 e cis the speed of light.

269  Within the COD framework, the MIMR is interpreted as the intrinsic geometric radius
270  associated with the stable phase structure of matter.

271

222 2. Multiplication-Invariant Normalization

273 COD proposes that local mass and the global cosmological scale satisfy the normalized
274 relation

275 M/M_T=r MIMR/R.

276  Here,
277 e M_T denotes the reference mass of the observable universe,
278 e R denotes the corresponding cosmological reference radius.

279  This normalization is equivalent to the multiplication-invariant relation
280 M-R=M_T: r MIMR.

281  Substituting

282 r MIMR=3-(2GM/ ¢?)

283  into the normalized equation yields the cosmological scaling identity
10
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¢2=2\3-GM_T/R.

The purpose of this Supplementary is to examine the internal consistency of this
normalization across representative Solar-System bodies.

3. Computational Conditions
The following cosmological reference values were adopted:
M_T =1.70 x 10> kg

R =4.40 x 10** m

For the Sun and the eight major planets, the intrinsic mass radius
r MIMR =13 - 2GM / ¢?)

was calculated and compared with the normalized mass ratio.
The following quantities were evaluated:

M/M_T

r MIMR/R

and

(M/M_T)/(r MIMR / R).

Table S1. Consistency Test of the
Multiplication-Invariant Geometry Across the
Solar System

Mass g chwarzschild , JUMR
Body M . Radiusr= M/M_T r/R (M/M_T)/(x/R) Error
Radius r; (m) - -
(kg) \3-1: (m)
Mercury 3138213 4.9028 x 10 8'4911%2 1'94115;,:, }(91?)(,)3((), 1.006118 +0.6118%

11
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Mass Schwarzschild MIMR
Body M . Radiusr= M/M_T r/R (M/M_T)/(x/R) Error
Radius r; (m) - -
(kg) \3-r, (m)
Venus 701 72086 x 100 1207 280205 2005 1006118 +0.6118%
Bath 2777 88690 x 10+ 007 331200 310 1006118 +0.6118%
Mars 001 95307 x 100 NOYBI ST SIS 1006118 +0.6118%
Jupiter 1 28190 48826 11000 1UOT 1006118 +0.6118%
5.683 33429 x 33226
Satum 00 084406 14620 >34 3320 1006118 +0.6118%
8.681 5.1065 % 5.0754
Uranus © 00 0.12803 022332 >0 % 0758 1006118 +0.6118%
Neptune | or 0.15200 026342 ©0230 % >980) 1006118 +0.6118%
S [0 20541 stiey V700 102 1006118 +0.6118%

4. Interpretation

A notable feature of Table S1 is that the normalized ratio
M/M_T)/(r_MIMR/R)

takes the identical value

1.006118

for all nine Solar-System bodies, corresponding to a uniform deviation of
+0.6118%.

This uniformity follows directly from the definition

r MIMR=+3 - 2GM / ¢?),

for which the body-dependent mass M appears in both the numerator and denominator of the
normalized ratio and therefore cancels algebraically.

Consequently, Table S1 does not provide nine statistically independent confirmations of the
proposed framework.

12
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Instead, each entry represents a repeated evaluation of the same cosmological scaling
identity,

¢2=2V3-GM_T/R.

The significance of Table S1 therefore lies in demonstrating that a single cosmological
normalization consistently reproduces the normalized mass-radius relationship across
representative Solar-System bodies.

Within the COD framework, this consistency is interpreted as evidence for the internal

geometric self-consistency of the proposed multiplication-invariant structure rather than as
multiple independent observational validations.

S. Physical Interpretation

The principal implication of Table S1 is not that each planetary body independently
establishes a new physical law.

Rather, the table shows that the same normalized geometric relationship is consistently
maintained across Solar-System scales.

Within the COD framework, this is interpreted as a manifestation of macroscopic geometric
self-consistency arising from the multiplication-invariant relation

M/M_T=r MIMR/R.

Accordingly, local mass and the global cosmological scale are proposed to share a common
normalized geometric structure.

This interpretation remains a theoretical proposal within the COD framework. Establishing its

broader physical validity would require additional independent predictions and observational
tests beyond the internal consistency demonstrated here.

6. Conclusion

For the Sun and the eight major planets, the normalized quantity
M/M_T)/(r_ MIMR/R)

consistently yields

13
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346 1.006118

347  with a uniform deviation of

348  +0.6118%.

349  This result indicates that the cosmological scaling identity

350 ¢2=2V3-GM_T/R

351  reproduces the same normalized mass-radius relationship throughout the Solar System.

352  Within the COD framework, this consistency is interpreted as evidence for the macroscopic
353  internal consistency of the proposed multiplication-invariant geometry.

354  The present Supplementary therefore provides a normalization-based consistency analysis
355  that complements the main manuscript. Further assessment of the proposed framework will
356  depend on future theoretical developments together with independent observational and
357  experimental tests.

358
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