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Eigen structure of Complex Quaternion
Spherical Condensation with Spin:

A Geometric Interpretation of the Hierarchy of Existence
Based on Triaxial Non-Commutative V3 Condensation
With Spin

Abstract

This paper proposes a geometrical interpretation of the hierarchy of existence within the
Complex Quaternion Oscillator Dynamics (COD) framework through a spherical
condensation model based on triaxial non-commutative quaternion geometry. The model
assumes that the fundamental constituent of physical reality is a stationary complex
quaternion spherical oscillator, from which successive phase condensations generate the
observable hierarchy of fields, energy, matter, and gravitational structures.

The proposed condensation hierarchy is expressed as
QP - K1 - K2 —-K3 —- K4
where K1 represents the bosonic phase field, K2 the complex dual-energy structure, K3 the

condensation of mass and spin, and K4 the complete phase closure. The terminal
condensation state is described by

K4 =C(K3 ® KI)

where C denotes the self-consistent condensation operator coupling localized quaternionic
condensation with the global phase field.

Under the idealized assumption of isotropic triaxial non-commutative condensation, the
condensation norm follows the recursive relation

IQn|| = (V3)*(n—1) 10,
leading to the terminal state
Q4| = 33 0.

Within the COD framework, this V3 eigenstructure is interpreted as the geometric signature
of recursive spherical phase condensation rather than as an experimentally established
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physical law. Consequently, K4 is interpreted not merely as a black-hole configuration but as
the complete closure of phase condensation, corresponding to a time-independent phase
equilibrium in which localized and global phase structures become self-consistent.

This work therefore presents a unified geometrical hypothesis in which fields, energy, mass,
spin, and gravitation emerge from successive condensations of a single complex quaternion
phase structure. Future developments should provide a rigorous mathematical formulation of
the condensation operator, establish the spectral properties of the proposed eigenstructure,

recover established physical theories as limiting cases, and derive experimentally testable
predictions.

1. Fundamental Planck Oscillator

The fundamental unit of existence is defined as a Complex Quaternionic Spherical
Oscillator.

Fundamental Oscillator

Q P=A PeMi® _P)(qo+ qii + qzj + qsk)
Let

r P

denote the fundamental phase radius,

and

E P

the fundamental oscillation energy.

2. Hierarchical Eigenstructure of Existence

Condensation Structure of  Intrinsic V-Based Intrinsic Energy Spin /
. Structural .
Stage Existence Topology Formula Radius Structure Closure

Bosonic field/  Single 0i = Ei= Open or 21t

K! Gravitational =~ commutative Cl[ 0 P] n=r P CiJ clgse d
phase field phase axis e |DQ:]> dV

K Electromagnetic Two Q=P+ 1n=v2 E.= E P Dual-phase
dual field orthogonal 1Q r P +E Q matching
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\-Based
Structural
Formula

Intrinsic
Topology

Condensation Structure of
Stage Existence

phase
components

(P.Q)

Triaxial non-
commutative

(i,j.k)

Mass /
K3 Fermionic
condensation

Qs =
q(itjtk)

Black hole / K? mass core Qs =

i K
K Slraevrl-t aonal rlzfvitational C G(Qs ©

condensation shell

3. K': Single Phase Field

K represents the most fundamental topological phase field.
At this stage, the three quaternion axes have not yet coupled.
01=A1eNiD) &

whose norm is

Q1] = A

Therefore,

ri=r_P

and V3 does not appear at this stage.

This is the most fundamental phase-formation stage of existence.

4. K?: Orthogonal Dual Topology
At the K? stage,
two orthogonal phase components,

P and Q,

3
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Intrinsic Energy
Radius Structure

E3 = 7\.3E2

Es4=
A GEs >
E critical

Spin /
Closure

and energy
transfer

2w sign
reversal, 4w
state
recovery

Local 4n
closure with
global
gravitational
locking
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form the complex dual structure

Q=P +i1Q.

Its norm 1is

19| = (PP + [QP).

It
[P|=Q[=r_P,
then

r2 =12 r P.
Hence,

the natural intrinsic coefficient of K2 is V2.
This stage represents the orthogonal coupling of
electric and magnetic fields,

or equivalently,

the dual phase components P and Q.

5. K3: V3 Mass and Spin Condensation

At the K stage,

the three imaginary quaternion axes condense with equal amplitude.
s=q iitqjj+qkk

with

qi=qj=qk=q.

The norm becomes

Qs

=@ ?+q 7 +q k)
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94

95

96

97

=13 q.

Therefore,

r;=13 r P.
Accordingly,

3 is interpreted as

the isotropic geometric coefficient of triaxial non-commutative quaternion
condensation.

Introducing the normalized quaternion direction,
A Q=(i+j+k/N3,

which satisfies

n_Q=1,

the condensed mass state is written as

0:=V3q1h Q.

5.1 Spin and Phase Closure Structures
The condensed K? structure follows the SU(2) spinor topology,
Q3(0 + 2m) = —Qs(0)

Qs(0 + 4m) = 05(0)

demonstrating that

mass condensation possesses

4x spinor closure.

Here is the completed Table 5.1 in clean, copy-pasteable plain-text mathematical format
(UTF-8) with Greek letters and subscript expressions:

5
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117 Table 5.1. Proposed Spin and Phase-Closure Structure of
118 the COD Condensation Modes
119
Representa Proposed f:ement Global
Geometri 2P PO y phase CODb

Mo tive effective phase .
cal . . closur interpreta

de structure spin increme .
structure e tion

(X n) structure nt (© n)
(Ag_n) -
Scalar Bosonic
. spherical _ _ Ap1 =21 2n backgroun

K phase Xi=1 s=0 / Na (360°) d phase
field field
Orthogon Vector-like Complex

5 al dual- _ . (s=1 Ap2=21 2n dual-

K phase X=P+iQ effective / N2 (360°) energy
structure mode) transport
Triaxial
Iclgrlil_mutat Spinor-like Mass and

K3 e Xs=i+j+ (s=172 Ags =4n 4n spin

. k effective / N3 (720°) condensati
quaternio
n mode) on
structure
Global- Composite Determin Compl ;{;g;e;n den
local self- Xa=C(X5 P . ed by ete p

K* . or total-spin . t phase

consistent ® Xi) matching phase g
closure . equilibriu
closure condition closure m
Recursive Extended
higher- _ Representat Ap n= condensati
X n= .

K» order Cx(n-l) (X1) ion- ® n/ ®n on
condensat ] dependent N n eigenstruct
ion ure

120 e N_n: number of elementary phase sectors
121 e O n: total closure angle of mode K»

122 e A@ n=0 n/N n(general definition)
123 o Bosonic closure: ® n=2m (360°)
124 o Spinor closure: ® n = 4x (720°)

125  Incorporating the 36° Phase Structure

126 When a 10-sector decomposition is defined:

6
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Ap=36°=n/5
1. Bosonic or Vector-like (2t-closed) Mode:
N=2n/(w/5)=10
10 * 36°=360° =2n
2. Spinor-like K? (4n-closed) Mode:
N=4n/(w/5)=20
20 *36°="720°=4n

Phase Sector Breakdown

Elementary phase Number of
Mode type sector (AQ) sectors (N) Total closure ()
Bosonic or vector- o o
like mode 36 10 360° (2m)
T 3

Spinor-like (K?) 36° 20 720° (47)
mode

4 o ; "
K* complete 36° or Qynamlcally Model-dependent Globgl self:
closure determined consistent closure

Result of a Global Multiplicative Invariant Structure

As a result of the global multiplicative invariant structure, the hierarchy progressing from
K?! to the state of ‘Complete Phase Closure’ manifested in the K* hyper-condensed black
hole is the consistent outcome achieved by the multiplicative invariant geometric structure,
spanning seamlessly from the microscopic phase realm to the macroscopic gravitational
domain.

6. K*: Gravitational Super-Condensation

K* is not obtained by introducing a fourth orthogonal axis.
Instead,
the already-condensed K* mass state

is recursively locked by the K' gravitational field.

7
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Thus,

K*=C G(K* ® K")

or equivalently,

0:=C G(V3qh Q © 9 G).

Introducing the gravitational condensation coefficient
A G,

the intrinsic radius becomes

n=A G\N3r P,

while the energy is

Es=A GEs

>E critical.

Here,
A G

is not a simple numerical constant,

but an eigenfunction describing gravitational condensation,

expressed as
A G=L GO G, M,r, AD, ¥).

Consequently,

the \3 appearing in K* originates solely from the internal triaxial condensation established in

K,

whereas the additional black-hole structure is represented independently through the

gravitational locking coefficient A_G.

8
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6.1 The Cosmological Significance of Black Holes

In conclusion, rather than being a singular anomaly of broken spacetime, the black hole is
reinterpreted within this framework as the definitive archetype model of universal structure,
fully embodying every existential hierarchy—from the microscopic phase unit (K?) to the
macroscopic hyper-condensed core (K*)—governed by scale invariance. That is, the black
hole can be understood as a preserver of universal information, ensuring the complete unitary
preservation of both mass and information.

7. Hierarchy of Intrinsic Radii

The hierarchical radius structure is summarized as

K':m=rP
K*:r=2r P
K3:r=13 r P

Ké:ra=) G\31 P

8. Energy Hierarchy

The corresponding energy hierarchy is

\=E P
E» = JaE:
Es = ks
E«=) GEs

For an isotropic topology,

A2 =12

As =3

may be adopted as candidate geometric eigenvalues.

However,

9
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213
214
215
216
217
218

219
220

these geometric norm coefficients should not automatically be identified with the actual
physical energy eigenvalues.

A separate action principle and normalization conditions are required to establish the
correspondence between geometric coefficients and physical energy eigenstates.

9. Key Summary Table

Intrinsic Geometric Structural

Stage Coefficient Formula Physical Interpretation
K' 1 rn=r P Formation of a single phase field
K 2 b=\2r P Energy coupling of two orthogonal
- phases
K 3 =3t P Triaxial non-commutative spin and mass
condensation
K* 2 G\3 =% GV3r P Gravitational super-locking of the

condensed mass state

10. Final Compressed Structural Formula

The hierarchy of existence can therefore be expressed in its most rigorous and compact form
as

K!(1) — K*(\2) — K3*(\3) — K*(A_G7\3).

This formulation is structurally more convincing because it does not mechanically assign \3
to every condensation stage.

Instead,

V3 appears exclusively as the intrinsic geometric eigenvalue of the K? stage, where the
three non-commutative quaternion axes become fully condensed into an isotropic
triaxial structure.

Likewise,

K* is interpreted not as the introduction of an additional orthogonal dimension,

but as a gravitational super-condensation layer in which the K* mass condensate is
recursively locked by the K' gravitational field.
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This interpretation clearly distinguishes the topological function and physical significance of
each condensation hierarchy while preserving the geometric consistency of the overall
eigenstructure.

Conclusion

The Complex Quaternion Dynamics (COD) framework proposes that the fundamental
constituent of physical reality is not a particle or spacetime itself, but a stationary complex
quaternion phase oscillator.

The complete phase-condensation hierarchy is

QP

— K1

— K2

— K3

— K4

where

K1 : Bosonic phase field

K2 : Complex dual-energy structure

K3 : Mass and spin condensation

K4 : Complete phase closure

The final condensation state is defined by

K4 =C(K3 @ K1)

where C denotes the self-consistent condensation operator.

Under the idealized isotropic three-axis condensation assumption adopted in the COD model,
Q4] =3V3 10

corresponding to the recursive relation

IQnl| = (V3)*(n—1) r0.

In this framework, K4 is not merely interpreted as a black-hole state, but as the complete
closure of phase condensation, where localized quaternionic condensation (K3) becomes self-

consistently coupled to the global phase field (K1).
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Consequently,

Complete Phase Closure

Time-Independent Phase Equilibrium

The COD framework therefore proposes that fields, energy, mass, spin, and gravitation
emerge as successive geometric condensations of a single complex quaternion phase
structure.

To the best of the author's knowledge, no unified theory has been established in physics and
engineering that formulates time-independent phase equilibrium using multiplicative
invariance as a fundamental organizing principle. COD proposes a framework for a unified
theory that geometrically describes such time-independent phase equilibrium.

Future work should establish rigorous mathematical derivations of the condensation operator,
demonstrate the emergence of known physical theories as limiting cases, and identify
experimentally testable predictions.
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