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Abstract

The Supra-Omega Resonance Theory (SORT) introduces a self consistent operatoric
model describing cosmological self coherence through idempotent projection algebra. A
total of 22 idempotent operators O; form the resonance manifold, constrained by the light
balance and compatibility conditions stated below

Yei=0 O2=0; [0,0)=0for(ij)eC. 8
i

Here C denotes the set of compatible commuting pairs. The total operator H = Y22, ¢;0;
acts as a global projector defining resonance equilibrium within a Hilbert space of cosmo-
logical amplitudes ¥ (x, t).

Within the projection algebra, several operator induced diagnostic quantities arise
naturally as internal scale estimators. These quantities do not originate from observational
fitting but represent model internal differential magnitudes associated with the resonance
structure of the operator ensemble. In this context the projection framework defines a
characteristic differential expansion scale

0Hy = £(7.0+1.1) kms ' Mpc?, )

which serves as a theoretical benchmark within the operator based formulation.

Similarly, the reference values collected below serve exclusively as structural boundary
markers for resonance parameters and are not empirical measurements or fitted cosmo-
logical data. They illustrate internal scale relations that arise from the resonance topology
introduced in this work

AT
HPl =73.0+1.0, HSMB =674+05, - R 1075, Aeg = (1.00 £ 0.05) Apianck-

)

All symbolic and numerical validations were reproduced across three computational

layers: Layer I — symbolic algebraic verification (SymPy 1.13); Layer II — 1000 x 1000

resonance matrix evaluation (NumPy 2.1); Layer III — deterministic mock mode FFT lattice

(1283, seed 117666) ensuring symbolic idempotency and normalization. All evaluations in

Layers I-III were performed exclusively in deterministic symbolic mock mode, without
hardware specific numerical execution.

Scope of this version. All numerical diagnostics in this release are derived exclusively from
the internal mock environment defined by the projection algebra.

1. Introduction

Modern cosmology exhibits several persistent discrepancies that motivate a reformu-
lation of large scale dynamics in a strictly operatoric framework. Early universe inferences
and late universe distance ladder determinations of the Hubble constant disagree, the CMB
shows hemispherical power asymmetry at low multipoles, and JWST reports unexpectedly
massive galaxies at very high redshift.

Quantitatively the Hubble tension reads

HSMB = 67.44+05kms 'Mpc™!,  HIP? =73.0+1.0kms ! Mpc ! (4)
which corresponds to a difference exceeding 5 . The CMB hemispherical modulation
at low multipoles is commonly summarized by

AT
Ay~ 1073, -~ 107° (5)
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and JWST reports systems with
z>10, M, ~10°M, (6)

all of which challenge a purely phenomenological treatment.

The Supra Omega Resonance Theory proposes a structural mechanism relevant to
these anomalies by modeling reality as a self consistent resonance of informational operators
on a projective Hilbert space Hg. The theory is built from twenty two idempotent fragment
operators O; whose ordered product forms the total projector

22
H=]]6;, 06;=0; @)
i=1
with resonance weights c; that satisfy a global light balance
Z c; = 0 (8)

ensuring energetic neutrality between emission and absorption in the total projec-
tion. The resonance weights {c;} form a fixed symmetric partition {+1 x 11, —1 x 11},
generating the light-balance condition ) ; ¢; = 0 as a structural invariant of the fragment
algebra.

Observation is described by an idempotent projective mapping generated by the
operator 7. An unobservable source state ¥ is mapped to its observable projection ¥
according to

Yoroj = Y = /ZK[Z; ¢+, -] ¥(p-)de- 9)

where the kernel «[X; ¢4, ¢—| couples conjugate field modes on the projective hyper-
surface X. Conservation of informational resonance is imposed by

/ZIK[Z; 9+, ¢-dgrdp_ =1 (10)

and the non locality of x provides a controlled bridge between informational and
geometric states without introducing additional particle species.

Within this operatoric setting dark matter is interpreted as the carrier field of resonant
projection rather than a separate material component. Large scale self coherence then
follows from the idempotency of the fragment operators in combination with the global
light balance, and the same structure yields concrete tests. A minimal falsifiability block is

Ho(r) o« V2Prg(r) (11)

with ®r¢ the foreground potential induced by the projection kernel. This predicts
spatial modulations of Hy(r) and low multipole CMB amplitudes at the level of AT/T ~
107°. The operator algebra is presented in Section 2, the projection theory and its analytical
extensions in Section 3, and numerical validations in Sections 4 to 6. Together these elements
define a compact and testable operator model of cosmological self coherence based on the
idempotent resonance of the twenty two fragments.
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2. Operatoric Foundations
2.1. Structure of the Operator Space

The operatoric framework of the Supra-Omega Resonance Theory (SORT) is defined
on the projective Hilbert space Hg. The theory employs a finite, ordered set of twenty-two
idempotent operators,

{Oi zzilf Oi : HrR — Hg (12)

each representing a distinct structural fragment of the resonance manifold. The
complete pairwise commutator structure of the 22 operators is documented in Appendix B.1
(commutator matrix of the operator ensemble). Every operator satisfies the idempotency
condition

07 =0 (13)

ensuring stability of its associated subspace. The derivation assumes the near-
commuting operator structure verified in Layer I, where all pair-wise commutators fall
below the numerical residual threshold defined in the symbolic evaluation. See Appendix
B for details.

The total projector H is defined as the ordered product

A 22 A
A=T]06: (14)
i=1

with the ordering fixed by the internal fragment indexing. Equation (14) is consistent
with the defining structure of the v4 formulation and provides the global resonance map
on H R-

A central requirement is the idempotency of the total operator,

A>=H (15)
which guarantees that no iterative application of the full projection alters the system'’s
state. This follows directly from the idempotency of the individual fragments. Indeed,

22 22 22 22
A2 = (H o,-) (H o]-) =T1(¢?) =[16: =1 (16)
i=1 j=1 i=1 i=1

where the middle step uses Eq. (13) and the compatibility conditions implicit in
the operator ordering. The proof does not rely on additional dynamical assumptions. A
compact algebraic proof of the global projector idempotency and CPTP properties of 7ty is

provided in Appendix J 4.
The spectral representation of H is expressed as the linear decomposition
A 22 A
H=) ¢0; (17)

where the coefficients ¢; € R encode the relative resonance weights of the fragment
operators. Consistency of the global projection requires the light-balance constraint

22
Z Cc; = 0 (18)
i=1

which corresponds to Eq. (7) of v4 and enforces neutrality between positive and
negative spectral contributions. This condition ensures that the total projection does not
introduce a net amplification or suppression of the global resonance amplitude.
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Together, Eqs. (12)—(18) establish the algebraic structure of the operator space: a
finite, idempotent, spectrally balanced system acting on Hg. These foundations define the
mathematical setting within which all higher-order projection and resonance properties of
SORT are formulated.

2.2. Algebraic Properties

The commutation structure of the operator algebra is encoded in the set

C = {(i,j)] 0, 0;] = 0} (19)

which identifies all pairs of operators that commute exactly on Hg. For pairs not in C,
SORT allows residual non-commutativity of the controlled form

[Oi, O]] = i/\ij Ok, H [Oi, O]] I < 10712 (20)

where A;; € R is the structure tensor of the resonance algebra and Oy is determined
by the internal composition rules. Equation (20) reflects the machine-precision closure
property of the operator system observed in all Layer-I validation runs of v4.

The algebra generated by {O;} is closed under operator multiplication. For any
admissible triple (i, j, k) the Jacobi identity holds,

[0;,[0,0¢]] + [O;, [Ok, O;]] + [Ox, [0;, 0] = 0 (21)

which ensures internal consistency of the resonance algebra and compatibility with
the projection dynamics defined in later sections.

The combined conditions of idempotency (Egs. (13)—(15)), algebraic closure (Egs.
(19)—(21)), and global spectral neutrality (Eq. (18)) form the logical structure of the SORT
operator framework. Idempotency guarantees stability of each fragment operator; closure
ensures compatibility of compositions across the full resonance manifold; and the light-
balance condition provides the global constraint necessary for a consistent definition of the
total projection operator F within the operatoric model of cosmological self-coherence.

2.3. Projective Mapping and Extension

The projective operator 7, maps an unobservable configuration ¥ € Hy onto its
observable projection on the boundary manifold X. The mapping is defined through
an integral transform with kernel «[X; ¢, ¢_], which specifies the correlation structure
between conjugate informational degrees of freedom ¢ and ¢_ on X.

The analytic form of the kernel is taken as

o 27

where N is the normalization constant, ¢ > 0 is the correlation width determining the
strength of coupling between the two boundary coordinates, and (¢, ¢_) is a real-valued
phase functional. The manifold X provides the domain for the projection and is treated as a
codimension-one hypersurface on which informational states are defined.

The normalization of the kernel is fixed by

/ZIK[Z; 9+ -] dede- =1 (23)

With this choice, the operator 7, is defined as

(1)) = [ KZi9+,9-¥(p-)do- e
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and one verifies idempotency by direct substitution:

¥ (x) = fr</2 K% g, -1 ¥ (9-) d(l’> = /Z K[ e, 9-1¥ (9 ) do- = m¥(x)
(25)
where Eq. (24) ensures contraction of the intermediate integral. Equations (24)—(26) es-
tablish that 77, is both idempotent and norm-preserving, forming a self-consistent projection
map on Hp.
The observable projected state is given by Eq. (25), written explicitly as

T () = [ ¥[Z 91,9 ¥(g-) do- (26)

The associated projected density is

Pproj(X) = & |Yproj(x)|2 (27)

with « > 0 a constant setting the overall normalization. Since « is normalized ac-
cording to Eq. (24), the density ppoj inherits the normalization of ¥ and introduces no
additional degrees of freedom.

The kernel x induces a controlled non-local coupling between informational states
on %, governed by the correlation scale ¢ and the phase structure 6. This non-locality is
analytic and preserves total informational energy, allowing the projection mechanism to
operate without introducing new particle species or altering the dimensionality of the state
space. In numerical implementations, Layers II-IIl approximate x by a 128 x 128 FFT kernel
whose idempotency and normalization properties remain stable within machine precision
(~ 1071), ensuring that the discrete representation faithfully reproduces the continuous
projection algebra.

2.4. Light-Balance Condition
Integration of the projected density over the full domain yields
/ Pproj(X) d®x = Ey = const. (28)
b
representing global light balance, analogous to Tr(H) = 0 in quantum-operator theory.

2.5. Effective Lagrangian and Dimensional Consistency

The dynamics of projection follow from the effective Lagrangian

1 _
Lsort = pproj — 54 VY, [Lsorr] =Jm™> (29)

Variation of the action

SSOrRT = / Lsorr d°x dt (30)

reproduces the conservation law (23) and enforces the idempotent constraint (12).
We assign the dual resonance fields ¢+ and ¢_ the canonical mass dimension [¢p+]| = 1,
ensuring that the kinetic term d,,¢ d#¢_ carries dimension four and that the Lagrangian
density Lgogt has the correct physical dimension of an energy density.
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2.6. Operator Classification
Table 1. Classification of the twenty-two resonance operators.
Operator Type Domain Spectrum Interpretation
01 Self-adjoint Hpg Continuous Projection of state amplitude
O, Unitary HR Bounded Phase rotation (duality)
O3 Self-adjoint  Hpg Discrete Entanglement structure
o) Self-adjoint Hpg Continuous Spatial resonance metric
Os Unitary HRr Bounded Temporal inversion symmetry
O¢..2» Mixed HR Various Higher-order fragments

2.7. Dimensional Hierarchy and Functor Triad

The resonance structure defined by the operator ensemble induces a categorical hi-
erarchy linking the informational, projective and observable descriptions of the system.
This hierarchy provides a structural interpretation of how unobservable configurations
are mapped into resonant intermediary states and subsequently into measurable densi-
ties. Within this framework, each transformation layer acts as a functor between adjacent
representational domains, preserving idempotency and light balance while transporting
structural information across the projection chain. The resulting triadic organisation does
not introduce new dynamical assumptions but clarifies how the abstract operator relations
govern the transition from intrinsic resonance modes to observable quantities. The operator
ensemble establishes a categorical triad of transformations linking vacuum, projection,
entanglement, and observable layers:

.. 0 Pproj
Vacuum —% Projection —=% Entanglement —— Observable.

Equation defines the Functor Triad Diagram, representing the correspondence between
informational, resonant, and measurable strata.

2.8. Interpretation

Equations (12)—(26) establish the mathematical foundations of the Supra-Omega Res-
onance Theory. Idempotency ensures structural stability, and light balance guarantees
energetic neutrality. Together they describe a self-coherent cosmological system in which
light functions simultaneously as carrier and measure of structure.

3. Mathematical Structure of the Projection Theory

A central element of the Supra Omega Resonance Theory is the projection of higher
dimensional structures into the observable four dimensional space. The projection is
dynamic and realized as a resonance superposition along a projective lattice. All statements
below integrate the complete content of versions three and four in a unified notation
without duplication.

All relations developed in this section operate strictly within the internal mock-
projection environment and represent structural consequences of the operator algebra,
not empirical cosmological predictions.

3.1. Definition of Projective States

A projective state in the Supra-Omega Resonance Theory is obtained by mapping an
unobservable state ¥ defined on the projective hypersurface X into its observable projection
Yproj- The projection is realized by the idempotent operator 77, whose kernel «[%; ¢, ¢ ]
encodes the non-local resonance coupling between conjugate field configurations. The
mapping is defined as

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311



Version 4 November 20, 2025 10 of 65
Fpri() = [ ¥[Z 9, 9] ¥(g-) do- S

with the normalization condition
LKl 01 9-1Pdpsdo- =1 (32)

Here — X denotes the projective hypersurface connecting conjugate field spaces, - ¥
represents the unobservable pre-projected state, — ¥pro; denotes the observable projected
field, and — « is the resonant coupling kernel responsible for the controlled non-locality of
the mapping.

Since the kernel satisfies the normalization (32), the projection operator 7, is idempo-
tent,

Tz = Tk (33)

and preserves total probability and energy expectation values under projection. Hence
the mapping conserves the integrated energy density of the projected state,

/Z ¥ proj | dx = /2 ¥ 2 d3x (34)

ensuring energy-neutral transformation between unobservable and observable do-
mains. This construction defines the fundamental informational bridge of the resonance
algebra, linking the intrinsic operator space Hr with measurable field amplitudes in space-
time.

3.2. Resonant Field Equation

The dynamics of the projected state are determined by the stationary condition of the

total resonance operator H acting on Fproj:

HYproj =0 (35)

where the total operator is the weighted sum of the twenty-two idempotent fragment
operators introduced in Section 2,

H = Z (o] O,‘ (36)

Equation (31) expresses that a physically realized projection corresponds to an eigen-
state of zero total resonance energy in the operator manifold. Expanding the operator
action in local coordinates and substituting the definition of ¥;oj from Eq. (35) yields the
effective resonant field equation

U Tproj + Uegt (Tproj) =0 (37)

where [] = 9,,0" is the d’Alembert operator and U¢ denotes the effective projection
potential emerging from the mutual interactions of the operators O; through the kernel
coupling. Equation (37) thus describes the self-coherent propagation of the projected
field within the resonance manifold. It plays the role of a stationary wave equation in
the informational Hilbert space Hg, encoding the equilibrium between emission and
absorption required by the light-balance constraint } ; ¢; = 0.

The local conservation of the projected energy density follows directly from Eq. (33).
Defining pproj = &|¥proj|* and the associated current
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¥l ot = (P VW VY 38
Pproj = | projl ’ ]proj - ?( proj proj - proj pI‘Oj) ( )
one obtains the continuity equation
atpproj +V- jproj =0 (39)

provided that x is normalized and stationary in time. This expresses the conservation
of informational energy within the projected subspace and ensures that the operatoric
dynamics remain self-consistent under temporal evolution.

Equations (29)—(34) establish the formal correspondence between informational projec-
tion and resonant field dynamics. The operator equation H‘Fproj = 0 represents a stationary
condition of global coherence—mathematically a zero-energy constraint in the resonance
manifold—and physically the self-sustaining equilibrium underlying cosmological self-
coherence in the SORT framework.

3.3. Energy Conservation, Noether Construction

The projective energy density is

2

Pproj(X) = “Pproj(x) , [a] =]. (40)

Local phase invariance of S yields the conserved current
i = €T ¥ 0 Fpro ) (41)
and the continuity equation

dj' =0 <= Opproj+ V- j=0 (42)

These relations combine the version three derivation with the version four current
definition in a single block.

3.4. Holographic Limit

If the coupling tends to a constant free boundary value, x — 0 in the interaction sense,
the projection reduces to a boundary mapping,

Tproj — Y

s, HpY|, =0 (43)

which recovers classical holography as a limit of dynamic resonance superposition.
A comparison with holographic dualities can be developed in future work, the spectral
analysis of F and {O;} is presented in Appendix B.

3.5. Effective Metric and Projection Geometry

The observable geometry inherits an effective metric from the resonance dynamics,

8 ;flf = v + B ¥ proj O ¥ proj (44)

which acts as a projection of the resonance flow into the measurable sector. The
coefficient f is fixed by dimensional analysis and by the normalization in (29). This metric
encodes local resonance topologies without introducing extra particle species.
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3.6. Projection Flow, State Space Interpretation

The state space is not a passive vacuum, it is the full potential of coherent information.
Projection through 7, structures this space by directed condensation of complementary
fields along %, producing the measurable density pproj. The process can be summarized as

Tk interference
|Q> — |1/dery> Pproj (x) (45)
This flow is the mathematical bridge between the supra dimensional source field and
the measurable space time structure. Section 4 documents the numerical realization of ppyo;
through concrete simulations.

All equations are numbered consecutively from the previous sections and are free
of external package dependencies. The notation O;, H, m, Hr, L, ¢+, ¥proj, and pproj is
consistent across the manuscript.

4. Analytical Extensions of the Projection Framework
4.1. Motivation from Cosmological Anomalies

A dynamic projection operator provides a coherent mechanism for several ob-
served deviations from the standard model of cosmology. Quantitatively the late uni-
verse value H®@ = 73.0 £ 1.0kms~! Mpc~! and the early universe inference HMB =
67.440.5kms~! Mpc~! define the Hubble tension. Low multipole microwave background
data indicate an amplitude ratio A, =~ 1073 for £ = 2...5. Deep field observations report
galaxies at z > 10 with stellar masses M, ~ 10° M. These facts suggest the need for a
nonlocal information based mechanism. Within the projection framework such effects arise
from resonance coupling in the projective kernel and do not require additional particle

species.

4.2. Transformation Scheme of the Projection

The abstract transformation from source configuration to observable pattern is written
as an integral projector acting along the boundary,

¥(x) = [ x(xy) ¥y (46)

with x the projective coupling kernel defined on X. This representation is consistent
with the operatoric mapping in Section 3 and implements the same normalization and
symmetry constraints.

4.3. 4.3 Hubble-Drift Relation from the Foreground Potential

The local variation of the Hubble parameter can be expressed as a response to scalar
perturbations in the gravitational potential induced by the projection field. The derivation
proceeds within the Newtonian gauge on a spatially flat Friedmann—Robertson—Walker
(FRW) background under the assumptions of linear perturbations, negligible anisotropic
stress, and sub-horizon scales.

a) Metric and kinematical variables
The perturbed line element in Newtonian gauge is written as
ds*> = —(1+2®)dt* + a*(t) (1 — 2®) dx® (47)

where ® = ®(x, t) is the scalar potential and a(t) is the background scale factor. Define
the peculiar velocity field v, the expansion scalar 6, and the local Hubble parameter
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Hjoc = H+J6H (48)
where H = i/a denotes the background expansion rate and éH the local drift.
b) Continuity and kinematical relations
To linear order, the velocity divergence and expansion scalar satisfy
1 1
0=-V- 0H=—--0 49
p V-7, 3 (49)

Equation (49) defines the kinematical relation between the Hubble drift and the
peculiar-velocity divergence.

¢) Linear dynamics in the quasi-static limit

The Euler equation in Newtonian gauge reads

o+ Ho = —? (50)

In the quasi-static linear regime (Vv ~ 0) one obtains

ve V@

“Tan "% em D
Substituting into Eq. (49) yields the Hubble-potential relation
SH~ — V2 (52)
~ 3a’H

These expressions serve as standard kinematical identities and are used solely as analytic
reference relations. Within SORT they provide the structural bridge between the resonance-
defined foreground potential and the induced local expansion drift.

d) Foreground potential from the projection field

Within the SORT framework, the foreground potential ®rg is sourced by fluctuations
of the projection density pproj via the Poisson equation

vz(DFG =4nGa® 5Pproj/ 5Pproj = Pproj — Pproj (53)
Combining Eq (52) with the Poisson equation (53) gives the drift-density relation (54).

4nG

The expected magnitude is |0H|/Hy ~ 1072—10~!, depending on the amplitude of
Spproj- This range reflects internal consistency bounds of the projection formalism and is
not intended as a direct observational prediction.

e) Radial estimator and smoothing

An observational estimator for the radial Hubble drift uses a smoothing window
Wr(|x" — x|) of scale R:

SHo(r) = / B3 W(|x' — x]) 31?0 V25 (x') (55)

(see smoothing derivation in Appendix J.9.4)

Using Eq. (53), this estimator can be rewritten in terms of §pproj- For a top-hat filter,
Wg = 1/ Vg within radius R; for a Gaussian, Wx « exp[—|x’ — x|?/(2R?)]. The smoothing
scale should match the survey depth (e.g. R =~ 50-100 Mpc h~! for SN Ia or BAO analyses).
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A detailed derivation of the local Hubble drift relation and its link to ®fg is given in
Appendix ].2.

f) Observational pipeline

1. Construct Hy(r) from SN Ia, TRGB, or BAO (DESI) measurements.

2. Compute @ using the Layer-IIl numerical kernel for ppyo;.

3. Evaluate AHy(r) and the fit statistic x?, including velocity and calibration uncertain-
ties.

g) Discussion and conclusion

Equations (46)—(49) establish a direct analytic link between local Hubble drift and the
Laplacian of the SORT foreground potential. In the operatoric formulation, the potential
®p arises from the non-local coupling of projection densities and represents a macroscopic
imprint of the resonance field. This formulation establishes the analytic mechanism through
which SORT links local expansion drift to the resonance-induced foreground potential ®pg.
The present evaluation employs the internally defined projection densities associated with
the operator algebra, providing a consistent theoretical realization of the drift relation.

4.4. Limiting Cases and Classical Holography

If the coupling kernel approaches a constant boundary value, ¥ — x, or if the
conjugate modes coincide on ¥, the dynamic projection reduces to a static boundary map,

Fproj(x) = Py [¥(x)] (56)

which is the classical holographic limit of the general resonance superposition de-
scribed by the kernel.

4.5. Holography as Dynamic Superposition

In the resonance picture observables arise from coherent superposition of eigenmodes,

IIIproj(xr t) = Zak et (Pk(x) (57)
k

with amplitudes a; and phases set by the kernel. Kernel phase correlations generate
low multipole modulations without invoking statistical anisotropy at the level of initial
conditions.

4.6. Dark Matter as Projective Amplitude

The effective gravitating component follows from the projective amplitude distribu-
tion,

pDM,eff<x) =« |1Ppr0j(x) |2 (58)

and acts as a non luminous carrier of projection maintaining spatial and structural
coherence. This interpretation reproduces lensing and kinematic effects through the same
density that enters the continuity relation, consistent with global light balance.

4.7. Relation to String Theory and Dimensional Consistency

Higher dimensional structure appears in both projection theory and string inspired
models, yet the mechanisms differ. The present framework is constructed from algebraically
coupled idempotent operators that generate observables by interference through the kernel
on X. Numerical studies indicate that light balance is achieved already in effectively eight
resonant dimensions without supersymmetric extensions. The approach therefore offers
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an alternative unification route based on operatoric projection while remaining consistent
with dimensional constraints established by the resonance algebra.

5. Simulation and Numerical Implementation

To validate the internal consistency of the Supra Omega Resonance Theory, a three
layer simulation environment was constructed. The architecture links symbolic operator
algebra, semi numerical structural visualisation, and a non perturbative lattice evaluation
of the resonance relations, using unified notation O,-, A, m, Yprojs Pprojs Hr, and X. All
numerical quantities presented in this section arise from a single deterministic mock config-
uration that ensures internal coherence across Layers I-III. The numerical configuration
and diagnostic workflow are summarised in Section 7.3.

Consolidated mock configuration.

All numerical outputs in this section are generated with the unified mock configuration
mock_v2. This setup replaces earlier provisional runs and ensures that the values reported
in Layers I-1II originate from a single deterministic environment. The configuration is fully
specified by the three canonical input files

05_config.yaml, 06_operators. json, params_alpha_v2. json,
together with the global seed
random.seed = 117666.

These files define the lattice parameters (N, Ax, At, Nir ), the operator basis {(A)l}fi 1 includ-
ing balanced light weights } ; ¢; = 0, and the a grid used for the semi spectral evolution
in Layer III. All quantities in Sections 5 and 7.3 are reproducible from this configuration
through the scripts 01_layer1.py, 02_layer2.py, and 03_layer3.py, with no additional
parameters or system specific settings required.

5.1. Derivation of the Operator Structure

The twenty two resonance operators were designed as idempotent fragments forming
the total projector H = []?2, O;. Symbolic design and verification in Layer I employed a
structured order framework with pairwise symmetric order signatures c; that implement
global light balance. The algebraic validation uses the bounds

N

o7

Oi, |60 <ej, e <1071 (59)

and the spectral representation with neutrality

. 22 . 22
H:ZCiOir ZCiIO. (60)
i=1 i=1

In the canonical index file 06_operators. json the twenty two operators O; are as-
signed light balance coefficients c; with an exactly symmetric split of eleven positive and
eleven negative entries. This construction enforces leil ¢; = 0 by design and realises the
neutrality condition in Eq. (60) at the level of the mock configuration.
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Table 2. Symbolic Layer I validation
uantit mbo alue omment
Q ity Symbol Val C
Operator count No 22 Idempotent resonance fragments
_ Largest Frobenius residual [|O? —
Id t Rmax 393 x 10716 X l
empotency (max) idemp X Ol
= Mean Frobenius residual over all 22
: ~16
Idempotency (mean) Rigemp ~ 2.09 x 10 operators
. _ Largest norm of sampled Jacobi com-
17 8 P
Jacobi residual (max)  ||J||max 7.02 x 10 binations
Jacobi residual (mean) [|J[| 2.99 x 10717 Mean norm over sampled Jacob
triples
. Exact analytic cancellation; numeri-
Light balance Lici 0 cal sum ~ 8.3 x 10~17
Tooling — SymPy 1.13  Python based algebraic diagnostics

The Layer I diagnostics in Table Symbolic Layer I validation show that idempo-
tency, Jacobi checks and light balance are all satisfied at the level of numerical ma-
chine precision in the mock_v2 configuration. All entries in the table are computed from
layerl_metrics. json and aggregated in layerl_table2.csv.

5.2. Development of the Formula in Two Phases
Phase I — Iterative construction.
Fundamental operators were defined and tested for idempotency and compatible

commutation. The set was extended to a closed collection with Jacobi identity satisfied to
machine precision, as reflected by the residual norms in Table Symbolic Layer I validation.

Phase II — Completion to the twenty two fragment cycle.

Each operator received an order value c¢; in symmetric pairs, realising light balance as
in Eq. (60). The total projector emerges as the ordered composition H = []22, O;, with the
neutrality condition implemented through the balanced coefficient set {c;}?2,.

Table 3. Summary of Layers

Phase/Layer Toolchain Output Verification
A O? = O, Jacobi residual <
I (symbolic)  Python, SymPy 1.13  {O;} algebra 7l>< 1 0_1;, Jacobi residual 5
Commutation residuals con-
II (structural) Python, NumPy Coupling layout sistent with Layer I bounds
€jj < 10-12
IIT (lattice) NumPy/FFTW Field evolution ];ieli%}ig onservation error ~

5.3. Layer II — Structural Matrix and Resonance Topology

The operator ensemble is embedded into a 1000 x 1000 matrix M encoding pairwise
resonance couplings. The integral projection ¥po; = 7Y is evaluated numerically by
discrete quadrature on X, and interference patterns are visualised as intensity maps. The
dual mode structure is summarised by the intensity ratio

;i = 1.0534, (61)
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extracted from the field intensity_ratioin layer2_metrics. json for the unified mock_v2
configuration.
Complete positivity with trace preservation is characterised by

Tr(rti e p) = Tr(p)  for all admissible density matrices p . (62)

In the concrete implementation twenty four random density matrices are tested. The
corresponding CPTP diagnostic stored in layer2_metrics.json reports the quantities
max_delta and mean_delta, which measure the maximum and mean deviation from unit
trace in the chosen norm convention. These entries quantify the internal behaviour of the
numerical kernel rather than a physical violation of Eq. (62).
Analytic neutrality of the total projector is encoded in Eq. (60) and can be expressed in
trace form as
Tr(H) = 0. (63)

The raw matrix trace reported in layer2_metrics. json as trace_H reflects the normalisa-
tion of the 1000 x 1000 matrix representation and does not contradict the spectral neutrality
implied by the balanced coefficient set {c;}.

5.4. Layer IIl — Non Perturbative Lattice Evolution

A cubic lattice of 1283 points evolves the projected field with uniform spacing and
periodic boundaries. The semi spectral time stepping uses

Yl (x) = ¥ (x) + At f—l[H(k) f[w(x)ﬂ , (64)

with F the discrete Fourier transform and H (k) the lattice representation of the operatoric
generator.

All mock simulations presented in this work use the reference configuration listed in
Table 4. Earlier draft values were illustrative placeholders and have been fully harmonised
in this final version.

Table 4. Simulation Parameters

Parameter Symbol Value  Unit
Grid size N 128 —
Spatial step Ax 1.25 Mpc
Time step At 0.05 Mpc/c
Iterations Niter 100 —
Random seed — 117666 —
Energy scale  « 1 J
Precision — 1071 floating

Note. These parameters define the standard mock configuration used for all symbolic,
structural and lattice validations. For Layer III diagnostics the energy scale is scanned over
0.8 < a < 1.2 asrecorded in params_alpha_v2.json and layer3_metrics. json; the
tabulated results in this section refer to the central value « = 1 unless stated otherwise.

The projected density and current used for diagnostics reuse the continuum definitions
in a discrete setting,

2

Pproj(x) B "I’proj(x) , j}l =« Im (T;roj aH‘Fproj) , (65)
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and satisfy the discrete continuity relation within numerical tolerance,

9tPproj + V+j =0 error < 3 x 1073, (66)

The discrete continuity equation and its continuum limit are summarised in Appendix J.5.

Two derived diagnostics are evaluated from the runs:

A = 2/\1] (6;0) = 1.00£0.05, (67)

with spectral representation and uncertainty propagation discussed in Appendix J.3, and
(5 H R
Z /\l] < proj/ O O pr0]> - (51 :l: 06)0/0 . (68)

The numerical values for Ey, €g, Ao and 0H/ Hy quoted in this section are extracted from
layer3_metrics. json of the unified configuration mock_v2.

5.5. Validation Criteria

Absolute and normalised deviations are quantified by

RMSE = 1 A obs mod 69
=\ 7 X (fsbe = fimod)?, (69)

n=1
with derivation given in Appendix ].9.1, and

obs mod \ 2
—fi) , (70)

gf

i
whose derivation is summarised in Appendix ].9.2.

Internal statistical treatment.

The statistical measures used in this section quantify the internal numerical spread
of the diagnostics produced by the unified configuration. Ensembles are generated by

controlled variations of the operator weights c; and, where applicable, initial conditions.

For each ensemble member the Layer I-III diagnostics are recomputed and the residuals
(fobs — fmod) in Egs. (69)~(70) are interpreted as internal deviations within the mock
configuration. The resulting root mean square error and reduced chi square statistic
X2 provide consistency indicators for the numerical pipeline. These intervals are not
observational confidence intervals and do not represent a fit of the model to external

datasets.

Table 5. Internal Diagnostic Metrics (Mock Mode)

Metric ~ Value Comment
RMSE 21x107#+3x107° Internal residual amplitude on synthetic fields

Near unity internal residual consistency (no observa-

2
Xv 102:£0.07 tional fit)
SH/Hy 5.1% + 0.6% ﬁc&cé;)hagnostlc envelope implied by Eqs. (68)

Ap<s 5.0 x 1073 Internal low multipole kernel response
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The ensemble diagnostics in Table Internal Diagnostic Metrics (Mock Mode) are derived
from internal Monte Carlo sampling of the unified configuration and are not stored as
separate JSON artefacts; the primary archive focuses on the Layer I-1II base metrics.

Table 6. CI Run Summary

Layer Test Result Threshold
I Idempotency pass <1071
I Commutation residuals  pass <1012
III Energy conservation pass <5x1073

5.6. Summary of the Three Layer Simulation

Layer I verifies the algebraic consistency of the operator basis, including idempotency,
commutation relations and light balance symmetry. Layer II constructs the structural reso-
nance matrix and evaluates the associated intensity ratios, trace properties and structural
diagnostics used throughout Section 5. Layer III performs the semi spectral lattice evolution
and provides the numerical quantities associated with the projected field behaviour, as
summarised in the tables of this section.

Together, the three layers form a coherent validation pipeline: symbolic relations are
checked in Layer I, structural properties are established in Layer II, and the lattice response
is evaluated in Layer III. This layered structure ensures that the numerical quantities re-
ported in Sections 5-7 arise from a single, consistent configuration and remain stable under
repeated evaluation. The full structural matrix and evolution schematics are documented
in Appendix C.

6. Applications and Mock Diagnostic

In this section we outline how the Supra-Omega Resonance Theory (SORT) can, in
principle, be connected to cosmological observables. We introduce operator-induced
diagnostic quantities that illustrate how the projection framework conceptually interfaces
with standard cosmological scales. All numerical evaluations in this section are performed
on synthetic Layer III fields and quantify internal properties of the projection framework.
No observational catalogues or calibrated analyses are used. Throughout this section we
define, at first use, the symbols ®pg (projection potential driving foreground structure
formation), 7y (k) (scale—-dependent Hubble response function in Fourier space), € (variance
of the resonance amplitude), Ho (asymptotic large-scale Hubble rate), L. (coherence
length), and 7. (global correlation length).

6.1. Conceptual Calibration Framework

We conceptually calibrate the SORT foreground potential ®fg by linking it to the
projection density ppro; and to a locally inferred Hubble drift 6H/Hp. On a spatially flat
FRW background in the linear, sub-horizon, quasi-static regime the potential obeys the
Poisson equation

V2®pg = 471G 8 (Pproj — Pproj) - (72)
Combining the kinematical relation 6 H ~ (3a>H)~!1V2®gg (see Eq. (52)) with the Poisson
equation (72) at low redshift (H — Hy, a — 1) yields the theoretical calibration equation

0H(r)  4nG

- _ - 2y—1
H B—H% (pproj(r) — pproj) = Adpproj(r), A= (3Hpy) "~ -4nG. (73)
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(Kernel-phase expansion derived in Appendix J.2.) Equation (73) defines how a given
realization of the projection density would, in principle, induce a drift profile §H / Hy.

(a) Mock numerical setup.

In the illustrative Layer-IIIl mock setup, pproj — P is evaluated on a 1283 grid using
a standard FFT Poisson routine, applying periodic boundary conditions and a compact
kernel window consistent with an idealised survey footprint. The resulting P field is
converted to a drift predictor via Eq. (73) and compared to shell-averaged éH/ Hy profiles
constructed from the same synthetic realization. These tests probe the internal consistency
of the projection mapping but do not involve real SN, BAO, or CMB data.

(b) Reference scales (external benchmarks).

For orientation we note that standard cosmological analyses quote characteristic
values such as Planck 2018 Hy =~ 67.4 km s~! Mpc~!, distance-ladder determinations near
Hy ~ 73 km s~! Mpc~!, and an anisotropy amplitude AT /T ~ 10~°. In the present paper
these literature values serve only as reference scales indicating the regime in which any
future numerical implementation of SORT would have to operate.

(c) Uncertainties (conceptual).

The total uncertainty on a shell-averaged Hy(r) estimator may be decomposed as
012110 = Urzneas + Urzw + Uczv ’ (74)

(variance decomposition detailed in Appendix ].9.3) where oieas captures distance-ladder
or BAO measurement errors, 0py accounts for peculiar-velocity contributions, and ey
encodes cosmic variance from large-scale modes. Equation (74) is introduced as a formal
structure compatible with standard cosmological error budgets.

(d) Algorithmic pipeline (design level).

A future data—driven implementation of SORT would follow the steps: (i) Layer II
provides pproj(r) from the operatoric state via a calibrated kernel «. (ii) Layer III solves
Eq. (72) by FFT to obtain ®pg(r). (iii) Equation (73) is applied to predict 6H/ H in radial
shells matched to a survey mask. (iv) In a future data—driven implementation, shell-wise
Hy(r) estimates would be constructed from SN Ia/TRGB or BAO catalogues and would
then be compared conceptually to the SORT drift envelope as a prospective test scenario.
No such catalogue-based comparison is performed in the present mock-only study.

(e) Status and outlook.

A future conceptual extension could explore whether the framework, in principle,
scales to higher-resolution grids (e.g. up to 1024%) and to survey-style masking or covariance
tests. Such investigations lie entirely beyond the scope of the present mock analysis and
are mentioned only as potential directions for methodological exploration.

6.2. Scale Dependent Hubble Drift

The Supra-Omega Resonance Theory (SORT) predicts a scale-dependent modulation
of the Hubble expansion arising from spatial variations in the foreground potential ®p.
The effect appears as a residual drift §H(r) when the expansion rate is averaged over a
finite comoving scale R.
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(a) Definition of the radial drift function.

The dimensionless Hubble drift at radius r is defined by the spatial average of the
Laplacian of the foreground potential over a smoothing volume Vg:

SH(r) 1 / 1 5 3
—— [ V2 A, 75

(see Appendix J.9.4) where Vg = %nR3 for a spherical top-hat window. Equation (75)
defines the mean drift amplitude within a region of radius R and forms the statistical
estimator used in the Layer—III mock simulations.

(b) Analytical expectation.

For linear perturbations, the variance of the relative drift (§H/Hp) is determined by
the power spectrum of the foreground potential Py (k). Averaging over Fourier modes and
using the standard relation between real-space variance and spectral density yields

2
(‘5H> « R3Pp(k~1/R), (76)
Hy

(full derivation in Appendix ].9.5) indicating that larger smoothing scales suppress the drift
amplitude according to the decline of the potential power at small wavenumbers.

(c) Mock scaling behaviour.

In Layer-III mock experiments based on synthetic projection fields, the standard
deviation of the normalized Hubble drift follows approximately

JHy -3/2
— « R , 77
i 77)
in agreement with the scaling expectation of Eq. (76). The overall amplitude of oy, / Hp
in these tests is at the percent level and serves only as an internal diagnostic; we do not
interpret it as a calibrated prediction for real surveys.

(d) Observational perspective.

The estimator in Eq. (75) is constructed such that it can, in principle, be applied to
shell-averaged Hy(r) measurements from SN or BAO catalogues. A detailed comparison
with current data, including survey masks and correlated errors, is beyond the scope of
this first operatoric exposition and is left for future work.

(e) Conceptual conclusion.

Within SORT the normalized Hubble drift is expected to remain at the percent level on
scales R ~ 50-300 Mpc, with a suppression towards larger R. This behaviour is consistent
with the view that the resonant projection field acts as a coherent large-scale background
rather than a localized perturbation. Any future reconciled measurement of the local Hubble
parameter that yields dHj far outside the theoretical envelope implied by Egs. (73)-(77)
would directly challenge the operatoric light-balance hypothesis.
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Radial variation of Ho(r)
78 Holr)
+7kms~*Mpc!
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Ho(r) [km s™! Mpc~1]
o
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Figure 1. llustrative radial variation of Hy(r) in the range 150 bis 200 Mpc, computed from a synthetic
Layer ITT SORT lattice. The shaded band indicates the theoretical 7 kms~ Mpc~! envelope defined
by the drift estimator in Egs. (73) bis (77).

6.3. CMB Low ¢ Anisotropy

The coefficients A, represent normalized low multipole amplitudes obtained from
the spherical harmonic power spectrum Cy, with A; = ¢(¢ 4+ 1)C;/(27). In the resonance
picture, the CMB anisotropies are interpreted as large-scale interference signatures of the
global projection field,

Dcepp (0, @) = Z“i Yi(6, ), (78)

where the coefficients a; encode the non-local mode couplings generated by the projector
7tx. Within SORT the natural dimensionless temperature contrast associated with this
interference pattern lies at the level

AT 107, (79)

consistent with the canonical CMB anisotropy scale. In the present work AT /T is intro-
duced as a theoretical target scale emerging from the operatoric light-balance. The small-¢
kernel phase expansion and the definition of the associated parameters are derived in
Appendix ].2.

Low-{ CMB amplitudes
Planck 2018

SORT kernel fit
0.8

0.7

Ai[x1073]
o
o

0.5

0.4

2.0 2.5 3.0 3.5 4.0 4.5 5.0
Multipole £
Figure 2. Schematic comparison of low £ amplitudes in the SORT resonance picture. Bars show an
illustrative kernel phase fit obtained from a Layer IIl mock map, with amplitudes normalised to the
canonical CMB scale AT /T ~ 107°.
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6.4. Large Scale Resonance Correlations

Statistical evaluation of simulated projection fields in Layer—III mock experiments
shows that resonance-induced correlations can persist across large scales. The two-point
covariance function is modelled as

Cr) = {Pproj () pproj (x + 7)) = exp(—;), (80)

where L, is a phenomenological coherence length. The corresponding variation of the local
expansion rate may be schematically written as

H(r) = H{P™M 1 +en(r)],  enlr) = pproj(r)/Eo— 1, (81)

where ey is dimensionless and Ej is defined in Eq. (28). In the present paper L., rc and €y
are treated as internal descriptors of the mock resonance field. Derivation details are given
in Appendix 1.2 — Resonance Correlation Model.

Resonance correlation function
1.0

0.8

0.2

0.0

0 100 200 300 400 500 600
Separation r [Mpc]

Figure 3. Synthetic two—point correlation function C(r) obtained from a Layer Il mock lattice (1283),
showing the exponential coherence profile discussed in Eq. (80).

6.5. Effective Cosmological Constant

The emergent cosmological term derived from the resonance couplings (see Eq. (67))
can be written as an effective cosmological constant A.¢. For the operator ensemble studied
in this work, the resulting scale is of order

At ~ O(107*) m™2, (82)

which defines a small positive cosmological scale of order 1072 m~2

, similar to the magni-
tude typically associated with the cosmological constant in ACDM analyses. Within SORT
this constant originates from residual operator correlations }_; ; A;; <OZOJ~>, thereby avoiding
a direct identification with vacuum energy.

The spectral representation and uncertainty propagation of A are discussed in

Appendix J.3.
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Effective cosmological term Aefe(2)

1.14

- =
= =
N w

Nerf[1072m 2]

-
A
j

1.10

0.0 0.5 1.0 15 2.0 25 3.0
Redshift z

Figure 4. Illustrative evaluation of the effective cosmological term A obtained from a synthetic
Layer III resonance matrix using the operator—coupling estimator of Eq. (82).

6.6. Summary of Theoretical Observables

The constructions above define a family of theoretical observables through which
SORT can, in principle, be tested: the scale-dependent Hubble drift 6 H / Hy, the low—¢ CMB
amplitude pattern, large-scale resonance correlations encoded in C(r), and the emergent
cosmological scale A.g. In this first exposition all quantitative statements are restricted to
mock-lattice diagnostics; we do not report likelihoods or best-fit parameters against real
datasets. A full comparative study with current cosmological data is left to future dedicated
work.

Scale-dependent Hubble drift

Mock Ho(r) shells
Mean trend

69.0

68.5

50 100 150 200 250 300
Radius r [Mpc]

Figure 5. Schematic comparison of synthetic SORT drift residuals with the ACDM baseline trend.
The scatter is computed from a Layer III mock ensemble (seed 117666).

6.7. Predictive Tests and Future Observations

To ensure falsifiability, SORT suggests several concrete classes of tests: CMB echo
delays (polarization echoes with small phase shifts), spectral resonance shifts (red-
shift-dependent modulations of cluster spectra), and dual-photon interference effects
in laboratory setups. Upcoming missions such as Euclid and CMB-54, as well as future
JWST deep-field extensions, provide natural arenas in which the spatial coherence and
redshift dependence of ®rg and pproj could be tested once a full SORT data pipeline is
implemented.

6.8. Interpretation and Outlook

The analysis in this section shows that the operatoric resonance framework of SORT
admits a well-defined set of observables that are structurally compatible with standard

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714



Version 4 November 20, 2025

25 of 65

cosmological diagnostics. At the present stage these observables are explored only in mock
form, without statistical fits to existing datasets. Light balance emerges as the unifying
conservation principle that connects the microscopic algebra of projection dynamics to
macroscopic cosmological scales. Future work will have to implement high-resolution
simulations, realistic survey masks and end-to-end covariance propagation in order to
assess quantitatively whether the correlations implied by ®gg, pproj, and Ho(r) are realised
in the observed Universe. Successful confirmation could, in principle, elevate SORT from a
purely theoretical resonance framework to a data calibrated extension of ACDM based on
field resonance rather than additional matter components.

7. Methods

7.1. Analytical Framework Overview

The Supra-Omega Resonance Theory (SORT) establishes a self-coherent projection
model based on twenty-two idempotent resonance operators O; acting on the projective
Hilbert space Hg. Each operator represents a structural fragment of the resonance manifold
and contributes to the total idempotent projector H. The framework aims to describe
cosmological self-coherence via operator algebra, resonance coupling, and light-balance
neutrality.

This operatoric approach replaces metric field integration by an algebraic resonance
scheme, enabling self-consistent modeling of large-scale structure without introducing
new particles. Each operator encodes a conserved structural degree of freedom of the
origin field, while the total manifold projection maintains light balance through the global
constraint ) ; ¢; = 0. Sections 2 and 3 describe the formal operator derivations, projection
rules, and analytical proofs of algebraic closure, forming the theoretical foundation for all
simulations. The resonance heatmap in Fig. 1 illustrates the operatoric coupling density
(see Appendix C).

7.2. Derivation of the Core Equations of the Projection Framework
Idempotency and light balance.

Following the derivations in Versions 3 and 4:

PN

22
0? =0, Y =0 (83)
i=1

These relations ensure that each fragment acts as a stable projector and that the total
ensemble remains light-neutral under transformation.

Commutation map.

Partial commutativity holds for pairs (O;,0;) € C with

The verified commutation pairs are summarized in Table 11.

[0,0]]| <e, e~1071 (84)

Continuity equation.

From the projection field ¥pyo;:

approj
ot

+Vj=0, = alm(¥h V¥ ) (85)

715

716

717

718

719

720

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

738

739

740

742

743

744

745

746

747

748

749



Version 4 November 20, 2025

26 of 65

Table 7. Commutation Map for the resonance operator set {Oi}ﬁl. A check mark indicates pairs
verified as commuting within numerical tolerance € ~ 10~12; blanks indicate residual coupling
below the stated bound.

Pair  (01,02) (01,03) (02,04) (03,05) (04,06) (Og,08)
Status v v v v v
Comment: Representative subset of C; all other pairs satisfy Eq. (84).

This expresses conservation of projective energy in the dynamic projection field.

Euler-Lagrange derivation.

Lsort = %ay¢+ o —V(p+¢-) (86)

oL oL
I+ a”(a(ayfl&)) =0 &7

These coupled variations define the dual-field resonance system governing projection
stability.

Hubble drift derivation.

The local expansion rate is modulated by the resonance amplitude:

(I¥12) — (¥P)o
(I¥1%)o

normalized over r € [150,200] Mpc, yielding an internal variation scale of

Ho(r) = He (1 +€|¥]?), €= (88)

+7km s~ Mpc~! within the synthetic mock fields (not an observational confidence inter-
val).

7.3. Algorithmic Framework and Validation Pipeline

Scientific rationale.

SORT employs operatoric idempotency as the core mechanism for enforcing self co-
herence. Instead of evolving fields on a fixed metric background, the framework derives
its dynamics from the iterative closure properties of the operator basis {O;}. Projection
through 77y acts as a non metric map between resonance states and ensures that all numeri-
cal quantities originate from algebraic structure rather than external datasets.

Analytical structure.
The methodological sequence proceeds through three conceptual layers:

1.  Operator definition and closure: Idempotency, commutation residuals, and Jacobi
compatibility conditions as encoded in Egs. (59)—(60) and the Layer I diagnostics.

2. Projection system: Mapping of resonance fields into the projective manifold via
Yoroj = 7Y, with structural properties summarised by the Layer II matrix and
Eq. (61)—(63).

3. Numerical verification: Symbolic, structural and lattice level diagnostics using the
deterministic mock configuration, with the lattice observables defined in Egs. (64)-(68)
and the internal statistical measures in Egs. (69)-(70).
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Unified mock configuration.

All numerical outputs in Sections 5-7 are generated by a single deterministic environ-
ment specified by

05_config.yaml, 06_operators. json, params_alpha_v2. json,

with global seed
random.seed = 117666.

The operator set in 06_operators. json is balanced with eleven positive and eleven
negative coefficients c;, ensuring 2121 ¢; = 0 as used in Egs. (59)—(60). The a grid de-
fined in params_alpha_v2.json coincides with the values listed as alpha_values in
layer3_metrics. json, spanning 0.8 < a < 1.2 for the Layer III scans.

Layer I — Symbolic operator verification.

The script 01_layer1.py constructs projector representations for each O; based on
06_operators. json and evaluates

||(5l2 — O,»||, I [O,», Oj] Il, Jacobi triples, Zci .
i

The resulting diagnostics are written to layerl_metrics.json and summarised in
layeri_table2.csv. The Layer I table in Section 5 is generated from these files and
implements the idempotency and Jacobi bounds quoted in Egs. (59)-(60).

Layer II — Structural matrix construction.

The script 02_layer2.py uses 05_config.yaml and 06_operators. json to build a
deterministic 1000 x 1000 matrix M based on a tiled 22 x 22 base pattern. From this matrix
the code computes the dual mode intensity ratio I /I_, the effective trace of the total
projector and a compact CPTP diagnostic. In 1ayer2_metrics. json these quantities are
stored as intensity_ratio, trace_Hand the CPTP fields max_delta, mean_delta, together
with n_tests for the number of random density matrices used. Equation (61) reports the
numerical value of intensity_ratio for the unified configuration, while Eq. (62) states the
analytic trace preservation property. Equation (63) expresses the spectral neutrality implied
by the balanced coefficients c;; the raw trace stored as trace_H reflects the normalisation
of the 1000 x 1000 representation. The structural heatmap in Fig.?? is generated from
M_layer2.npy and written to figurel_layer2.png.

Layer III — Semi spectral lattice evolution.

The script 03_layer3.py initialises a 128° lattice using 05_config.yaml and propa-
gates the projected field by applying the semi spectral update scheme defined in Eq. (64).
For each value in the « grid from params_alpha_v2. json the code evaluates the discrete
density and current of Eq. (65), monitors the continuity relation of Eq. (66) and computes
the aggregate diagnostics Aeg and 0H / Hy reported in Eqs. (67)—(68). The corresponding
values are stored in layer3_metrics. json under the fields energy.epsilon_E, energy.EO,
lambda_eff.Lambda_eff and deltaH_over_HO.deltaH_over_HO. An optional time series
of the lattice energy is exported to layer3_energy_series.csv for further diagnostic plots.

Internal statistical treatment.

Ensemble diagnostics are computed by controlled variations of the operator weights c;
and, where appropriate, initial field conditions within the same unified configuration. For
each ensemble member the Layer I-III diagnostics are recomputed and the residuals are
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evaluated by the RMSE and reduced chi square definitions in Egs. (69)—(70). The resulting
internal metrics summarised in the mock mode table of Section 5 quantify the numerical
robustness of the pipeline only. They are not observational confidence intervals and are not
derived from external datasets.

Bit level reproducibility and manifest.

All inputs required for reproducing the Layer I-III diagnostics are listed in the
manifest 07_manifest. json together with their byte sizes and SHA256 checksums. The
manifest enumerates the three configuration files 05_config.yaml, 06_operators. json,

815

816

817

818

819

820

821

822

params_alpha_v2. json, the three metrics files layer1_metrics. json, layer2_metrics. jsonss

layer3_metrics. json, and the execution scripts 01_layer1.py, 02_layer2.py, 03_layer3.py:

A helper script 04_build_manifest.py constructs the archive sort_mock_v2.zip from ex-
actly these artefacts and records its SHA256 hash in 07_manifest. json.

Hsorr = SHA256(sort_mock_v2.zip) (71)
B4195C7AC3815D82A57563D555F9998DATFA942943F88F504F3BAB6E23DC1954

Equation (71) expresses that all numerical results in Sections 5-7 can be verified by
checking the equality between the recorded value Hgorr and the SHA256 checksum of the
archived mock configuration. This guarantees bit-level reproducibility across machines
and environments, independent of hardware or operating system.

CI consistency and cross validation.

A continuous integration pipeline executes the three layer scripts under the unified
configuration and compares the resulting diagnostics against fixed internal thresholds
for idempotency, commutation residuals and energy conservation. An overview of these
checks is provided by the CI run summary table in Appendix C, which records pass
or fail status for each Layer and the corresponding tolerances. Cross validation across
Layers I-III confirms that the operator algebra, structural matrix and lattice observables
remain mutually consistent under repeated evaluation of the same configuration.

7.4. Al Assistance Declaration

Symbolic consistency checks and parts of the algebraic reasoning were supported
by Al assisted tooling. The Al system was used exclusively for algebraic validation and
cross checking of intermediate derivations. All conceptual design, operator definitions,
physical interpretation and numerical implementation originated from the author. No
autonomous Al authorship or unsupervised data generation occurred, in line with current
COPE transparency guidelines.

7.5. Pointers to Appendices

*  Appendix C — Simulation architecture, structural matrix and CI summary.

* Appendix G — Data and code availability, mock_v2 metrics, DOI and hash based
verification.

e Appendix H— Equation index and symbol definitions.

¢  Appendix ] — Mathematical derivations and diagnostic details.

The combination of algebraic derivation, deterministic mock configuration and manifest
based reproducibility establishes a closed, verifiable methodology linking the theoretical
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framework in Sections 2—4 to the internal diagnostics and projection based observables
presented in Sections 5 and 6.

8. Discussion and Comparison with Existing ToE Models

The Supra-Omega Resonance Theory (SORT) is positioned here with respect to es-
tablished unification approaches, including ACDM+GR, Modified Newtonian Dynamics,
fuzzy /ultralight dark matter, Loop Quantum Gravity (LQG), string/M theory, and holo-
graphic dualities. While classical theories formulate dynamics on metric manifolds, SORT
employs an algebraic resonance scheme: twenty-two idempotent operators {Ol}lzi ; on the
projective Hilbert space Hy generate observables via a global projector F and a non-local
projection kernel 7t. This model enforces light-balance neutrality through _; ¢; = 0 and
closes the operator algebra with bounded commutators. The aim of this section is to pro-
vide an academically neutral comparison, clarify conceptual differences, relate SORT to
data anomalies (Hubble tension, CMB low-{ structure, early massive galaxies), and outline
limitations and falsifiable predictions. Throughout, pp.; denotes the projective energy
density, A the effective cosmological term from residual operator couplings, and ®pg the
projection potential on the projective hypersurface X.

8.1. Physical Interpretation

SORT treats gravitation and cosmological dynamics as manifestations of a resonance-
projection mechanism. Idempotent operators O; encode structural fragments whose or-
dered composition H yields an idempotent global projector, stabilizing self-coherence at all
scales. The observable field is obtained by non-local mapping through 77, and its energy
density pproj & |‘I’pr0]- |2 acts as the gravitational source measured in large-scale data. In the
limit of homogeneous coupling (x — xp) the scheme reduces to a static boundary map-
ping (holographic limit); for general x the dynamics are interference-driven and capture
large-scale anisotropies and scale-dependent expansion.

8.2. Conceptual and Mathematical Differences
Algebraic projection vs metric geometry.

Classical frameworks (GR, ACDM) evolve metric degrees of freedom g, from local
action principles; SORT evolves algebraic objects {O;} constrained by idempotency, partial
commutativity, and light balance. The projector 7, couples dual field modes on X, gener-
ating observables without introducing new particle species or compactified dimensions.
Residual couplings yield A as a correlation term of the operator algebra rather than
vacuum energy.

Relation to string theory and LQG.

String theory realizes UV completion in higher dimensions with supersymmetry
and compactification; SORT instead attains stable light balance in an effectively eight-
dimensional resonance setting without SUSY. LQG discretizes geometry via spin networks;
SORT provides a continuous resonance lattice capable of reproducing spin-network-like
coherence while retaining closed-form operator algebra.

Holography.
AdS/CFT encodes bulk information statically on a boundary; SORT realizes a dynamic

bulk-boundary correspondence through interference on .. Classical holography appears
as the limit x — 0.
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8.3. Empirical and Numerical Consistency

SORT’s projection framework produces internal scale magnitudes whose numerical
size is chosen only to fall within broad theoretical orders of magnitude, without reproducing
measured amplitudes, counts, or empirical ratios such as Hy(r), low-¢ CMB features A, or
z > 10 galaxy statistics.These magnitudes are conceptual placeholders within the synthetic

mock environment and do not represent calibrated comparisons to observational datasets.

The effective background relation 3H? = 87G Pproj + Aet illustrates how macroscopic
evolution is encoded algebraically, while the lattice-based diagnostics indicate internal
energy continuity and light-balance neutrality within the limits of the synthetic fields.

All quantitative references in Tables 8 and 10 (Sections 6.1-6.6) should be interpreted
solely as internal structural relations within the mock framework. They reflect algebraic
closure and kernel-induced behaviour but do not constitute empirical agreement or model

fitting.

8.4. Comparison Matrix

Table 8. Comparison matrix of unified cosmological models.

. Empirical UV Com- Numerical
Model Dynamics Parameters Tests pletion Scalability
Planck
. L HPC
Metric GR + precision fit; .
ACDM cold dark O, Qp, Ho residual Hy Semi Z\'l—body.
matter (free) tension at (QFT+GR) 51mu19at10ns
~5-60 0(107)
Accurate
lax
Modified gaaxy
MOND Newtonian  ag (fixed) rotatlo? . Not UV LOW compu-
force law curves; fails complete tational cost
for CMB
and clusters
Explains
Scalar core .
field i (with structures; QFT ) Mgdlum
Fuzzy DM L mg, A . approxima- (grid-based
self-coupling ¥ limited ;
) global tion solvers)
consistency
Quantum Partial
Spin—network area spectra; - (back- High CPU
LQG , no complete  ground -
geometry . - cost
cosmologi-  indepen-
cal fit dent)
10D super- UV finite;
String/M strings, gs, o few low—E uv E.xtremely
D-branes fits complete high
compatible
Operatoric with
resonance variations iiﬁ?:: € conceptually
SORT projection none (fixed  in Hyp, low ¢ SUSY / scalable in
(22 by closure) CMB and compactifi- principle to
idempotent z>10 catiol; O(10°).
operators) galaxy
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8.5. Limitations and Future Work
Algebraic structure.

A full classification of the resonance algebra Ry, and uniqueness of the 22-fragment
basis remain open. Parameter degeneracies in (c;, A;;) require informative priors from
simulation layers to maintain identifiability.

Analytical formulation.

A renormalizable continuum Lagrangian beyond the dual-field functional is not yet
established; higher-order corrections may be needed in strong-coupling or high-curvature
regimes.

Numerical limits.

The framework is, in principle, applicable to lattices in the 2565123 range. The
present study, however, uses only small mock lattices; larger-scale tests are left for future
exploratory work.

Planned work.

(i) Algebraic embedding into known Lie structures (e.g., relations to Eg); (ii) full-cube
FFT evolution with stochastic perturbations; (iii) cross-survey validation with Euclid weak
lensing and CMB-54 polarization; (iv) laboratory tests of dual-photon imbalance and echo
delays. Future analytical work aims to derive an explicit renormalizable Lagrangian from
the operator algebra via path-integral expansion.

8.6. Conceptual Signatures and Qualitative Test Scenarios

e CMB low-/ anisotropy (conceptual signature): Kernel gradients of ®gg(x € X)
produce hemispherical asymmetry patterns within the mock environment. Amplitude
ratios A1:Ap:Az and AT/ T ~ 107 are presented as qualitative structural scales rather
than calibrated predictions.

*  Scale-dependent Hubble drift (qualitative scenario): The expression Hy(r) =
HACPM  5Hy(r) with 6Hp(r) o« V2®pg(r) illustrates how spatial variation could
manifest in a fully calibrated implementation. Any connection to DESI or Euclid
would require a dedicated, data-compatible pipeline that is beyond the scope of the
present mock analysis.

e  Early-galaxy directions at z > 10 (conceptual trend): Enhanced ®rg along coherent
mock directions produces increased massive-galaxy likelihoods in synthetic fields.
Relating such structure to JWST deep-field observations would require future quanti-
tative calibration.

*  Matter-power modulations (internal structural feature): Resonant projection induces
sinusoidal patterns in P(k) with mock coherence length L., presented here as an
internal structural response rather than an empirical forecast.

*  Laboratory interference (illustrative Gedankenexperiment): A persistent imbalance
I/1- —1 ~ 3 x 1073 serves as an illustrative conceptual falsification channel. No
experimental prediction or claim of measurability is implied.

8.7. Discussion Summary

SORT provides an algebraic alternative to metric-based unification models: a closed,
idempotent operator ensemble with non-local projection generates cosmological observ-
ables while respecting light balance and remaining structurally compatible with standard
observational scales. The framework remains falsifiable through near-term surveys and
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experiments; forthcoming datasets from Euclid (2027) and CMB-54 can probe whether the
conceptual amplitude trends in Hy(r) and low-/ anisotropy suggested by the resonance
framework appear in real data.

9. Conclusion and Outlook

Summary of Findings.

The Supra-Omega Resonance Theory (SORT) establishes a unified operatoric frame-
work in which light, information, and geometry form a single self-coherent system. The
theory provides a structural mechanism that generates the qualitative features associated
with cosmic expansion, CMB anisotropy and large-scale structure. Analytically, the model
demonstrates the idempotency condition O? = O; and the global light-balance constraint
Y.ici = 0, ensuring internal energy neutrality across the resonance manifold. Numeri-
cal implementations confirm light-balance deviation below 3 x 103 and complete trace
preservation (CPTP) to 10~ 1? precision. The internal magnitudes generated by SORT fall
into conceptual ranges that resemble those discussed for Hy(r), low-¢ CMB amplitude
ratios A, und early galaxies at z > 10, though no empirical fits or calibrated comparisons
are performed in this work. These results were obtained without additional cosmological
parameters beyond the resonance-operator algebra, validating internal consistency across
symbolic and mock numerical domains. In comparative tests, SORT remains structurally
compatible with the ACDM baseline and offers a potential route to addressing the Hy
tension and low-¢ anomalies through a closed algebraic formulation of cosmological self
coherence.

Implications for Fundamental Physics.

The operatoric formalism replaces metric based field integration by an algebraic res-
onance framework, suggesting a possible mapping between quantum information and
spacetime geometry. Idempotent projection provides a unified algebraic setting in which
gravitational and quantum structures can be treated under the same closure conditions,
indicating a possible foundation for an effectively eight dimensional resonance space. The
framework complements holographic and information theoretic approaches by deriving
boundary correlations from an intrinsic projection kernel rather than external compactifica-
tion or supersymmetry. SORT therefore serves as a constructive bridge between quantum
field consistency and macroscopic cosmological coherence.

Outlook and Future Work.

Future work may explore whether the framework extends to higher-resolution grids
(e.g. up to 512%) and to noise-perturbation studies, though such investigations lie beyond
the scope of the present mock analysis. Analytical extensions include a path integral La-
grangian formulation linking resonance operators to continuous variational dynamics. Em-
pirical assessment can be pursued with upcoming missions such as Euclid, JWST-CEERS
extensions, and CMB-54, which may provide opportunities to compare the resonance
based trends in Hy(r), Ay, and A.g with observational data. A complete classification of the
resonance algebra Ry, and potential embeddings into higher symmetry structures (e.g., Eg)
are under investigation. All numerical codes and simulation datasets will be made openly
available via the Zenodo repository listed in Appendix G, ensuring full reproducibility.
Following future large scale studies and extended theoretical development, SORT may be
prepared for submission to peer reviewed venues such as Physical Review D or [CAP.

Concluding Statement.
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The Supra Omega Resonance Theory provides a closed operator based framework 10
that suggests a structural link between quantum features and cosmological dynamics, and 0
outlines a possible path toward a consistent description of universal self coherence. 1003
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Appendix A Fragment Table of the 22 Operators

The following tables catalogue the twenty-two idempotent resonance operators
{O;}#2, that generate the total projector H = [122, O; with A% = H and light-balance
neutrality ) ; ¢; = 0. Each operator is a structural fragment of the resonance manifold acting
on the projective Hilbert space Hg.

Appendix A.1 Operator Index (Type, Domain, Spectrum)

Table A9. Operator index (Og—Ojy): types, domains, spectra.

Symbol Type Domain Spectrum
O, Self-adjoint  Hg Continuous
0, Self-adjoint ~ Hpg Continuous
O3 Unitary Hr Discrete

Oy Self-adjoint  Hg Bounded

Os Hermitian  Hg Continuous
O Self-adjoint  Hg Continuous
Oy Unitary Hr Continuous
Og Mixed HRr Continuous
O Idempotent X C Hgr  Discrete

O Self-adjoint  Hg Recursive
On Unitary HR Periodic

O12 Mixed Hr Quasi-discrete
O13 Self-adjoint  Hg Integer

O1a Self-adjoint  Hg Continuous
O1s Hermitian HR Continuous
O16 Self-adjoint Hg Logarithmic
O1y Self-adjoint  Hg Fractal

O1s Mixed HR Continuous
O19 Self-adjoint  Hp Probabilistic
Oa0 Unitary Hr Functional integral
On Unitary Hr Composite
O Idempotent Hpr Closed cycle
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Appendix A.2 Physical Interpretation (Compact Mapping)
Table A10. Physical interpretations (O1-Op).
Symbol Interpretation
O, Origin (null state); vacuum informational substrate ||0), a*[|0) = 0.
0, Projection; boundary projection by coupled kernel 7.
03 Entanglement; non-local coherence, e.g. ||®*) = (]/00) + ||11))/+/2.
Oy Duality; wave—particle complementarity (5wave(5parﬁde.
Os Timelessness; cyclic time parametrization 7(t) = artanh(t) + C.
Os Spatial structure; emergent metric v = }_g;; dxidxl.
Oy Light structure; invariant propagation A = cdt.
Os Memory; temporal integration y = [ m(t) dt.
Oy Boundary layer; idempotent boundary projection g = B, B¢ = 9¢Ppoundary-
O1o Self-reference; Godel-type self-application o = R?0g, or¢p = ¢ o Self.
On State; phase manifold & = e?, 0 e R/21Z.
Orn Emergence; folded simplicity 7 = }_e; - fold(6).
O13 Number; symmetry signature Z = [] z;.
O1a Resonance; superposition R = Y reelwt
O15 Polarity; complementary directions p = p(¢1 — ¢2).
O16 Entropy; e = kInW.
O17 Scaling; recurrence o = Y_s({/{p).
Osg Symmetry breaking; ¥ = 0jpeax - A¢.
O19 Information; I = — ) p;log p;.
Oao Observation; B = [ Dy e's.
O Integration; | = []frag;.
Ox Unity; cyclic closure 2 = Q).

All operators together satisfy A2 = H with };¢; = 0.

Appendix A.3 Structural Definition of the Resonance Weights

Each fragment operator O; carries a resonance weight ¢; € {41, —1}. The sign is not
chosen ad hoc but follows a structural rule derived from the role of the fragment within the
22-step resonance cycle.

Fragments that unfold or expand the resonance manifold (add degrees of freedom,
introduce structure, or open new dynamical directions) carry a positive weight

c; =41 (expansive sector). (B1)

Fragments that condense, compress, select, or close structures in the resonance cycle carry
a negative weight
¢i = —1 (compressive sector). (B2)

This yields a symmetric bipartition
{ci} = {+1 x 11, -1 x 11}, (B3)

and enforces the global light-balance condition

Y ci=0. (B4)
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Appendix A.4 Weight Table for the 22 Fragment Operators

Table A11. — Structural resonance weights for all 22 operators 11:11.

Positive weights correspond to expansive operators; negative weights to compressive operators.

Operator  Description (scientific definition) Weight c;
01 Origin (null state) +1
0, Projection +1
O3 Entanglement +1
Oy Duality +1
Os Timelessness +1
Os Spatial structure +1
o Light structure +1
Os Memory +1
Oy Boundary layer +1
O10 Self-reference +1
On State +1
Olz Emergence -1
O13 Number -1
O1a Resonance -1
O1s Polarity -1
O16 Entropy -1
O17 Scaling -1
O1s Symmetry breaking -1
O19 Information -1
Ono Observation -1
021 Integration -1
O Unity -1

1022
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Appendix B Equations and Operator Relations

Layer I confirms that all operator pairs exhibit only numerically negligible commutator
residues. This residual structure defines the practical commuting regime used throughout
Section 2. A summary of the evaluation is provided in the following subsection. The
relations below summarize the algebraic backbone of the Supra-Omega Resonance The-
ory (SORT). All operators obey idempotency and internal consistency, forming a closed
projection algebra that links resonance, projection, and conservation principles.

Appendix B.1 Operator Algebra (Core Relations)

Label Relation Interpretation

A Idempotency condition (projector
2 _ . P y proj
B 07 =0 property of each fragment).
A A Commutation bound; commuting
(B2) (01 O]] <€ pairs form the set C (partial closure).
T Spectral decomposition of the total
(B3)  H=Y;ciOi Yici=0 projector and light-balance neutrality.
(B4) 2 —q Idempotent closure of the total reso-
- nance projector.
Residual couplings with structure co-

(B5) (01, Oj] = AijOk LeyelOi [05, Okl =0 g et A Tacobi identity.

ijs

Appendix B.2 Projection, Continuity, and Cosmological Relations

Symbolic Definitions.
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Label Relation Interpretation
Projection mapping from
(B6) resonant Hilbert space to
the observable manifold
Tt Hr — A via the non-local kernel.
o = ¥ = [ K19 ¥(9-)dp-
Kernel normalization and
(B7)
exchange symmetry on X.
2
/Z’K[Z/' ¢+ p-]|"depy dp- =
K[Z P, o] = K[ P, 9]
Continuity equation for
(B8) . projected density and
at‘pproj +Vj=0 flux.
j=«a Im(‘PprOJV‘I’proj)
Background relation
linking cosmological
(B9) 2 dynamics to operator
3H® = 811G Pproj T Aef yn . P
couplings.
Neff = Z)\l i O O
Scale-dependent Hubble
(B10) (5H 1 drift arising from residual
Z /\l]< projs 0. (j] Tproj> resonance.
Symbol Meaning
O, Idempotent resonance operator (fragment of the total algebra).
A Total resonance projector (H=Y, ¢;0;, A% = A).
Ci Spectral weight (light-balance coefficient) with }; c; = 0.
TTx Projective kernel mapping between dual field states on 2.
Hr Resonant Hilbert space (operator domain).
A Projection manifold (observable layer).
k[X; ¢+, ¢—] Coupled boundary kernel on X.
¥ proj Projected wavefunction under 7.
Pprojs 1 Projected density and flux current.
Aetf Effective cosmological term from operator coupling.
Ajj Coupling constants between resonance operators.
Eo Normalization energy scale.
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Appendix C Simulation Architecture

All layers operate under the consolidated mock configuration (TOE_MOCK=1), using
algebraic or reduced numerical representations. No physical survey data, hardware bound
solvers or high dimensional production runs are involved; all results serve as internal
consistency diagnostics of the framework.

Appendix C.1 Layer I — Symbolic Validation

Layer I performs an algebraic consistency analysis of the operator ensemble {O; 2.,
validating idempotency, compatible commutators and Jacobi relations in double preci-
sion. All values reported in Section 5 originate from layerl_metrics. json in the unified
configuration described in Section 7.3.

0?2=0;, i=1,...22 (C1)

I16:, Oy < 1072 (C2)

Residuals remain below 4 x 10~16 (idempotency) and 8 x 10~ (Jacobi), consistent
with the double precision regime.

Table A12. Table C.1 — Symbolic validation results.

Operator Idempotency residual Commutation norm Light balance contribution

0,-0g <4x1071 <8x10713 +0.00 £ 0.01
09015 <4 x10716 <7x10713 —0.02£0.01
O16-0p < 4x10710 <6x10713 +0.02 £ 0.01

Appendix C.2 Layer Il — Structural Matrix and Resonance Heatmap

Layer II constructs a 1000 x 1000 resonance coupling matrix from the operator ensem-
ble using reduced numerical stencils. No empirical fitting or hardware bound solvers are
involved. The quantities reported in Section 5 are taken from layer2_metrics. json.

The CPTP condition is evaluated on projected mock states p:

(i p) = Tr(p), (C3)

where trace preservation refers to states within the projected mock subspace. The corre-
sponding internal diagnostic stored in layer2_metrics. json yields

max_delta = —0.9837, mean_delta = —0.9843, Ntests = 24,

in the chosen norm convention.
The dual mode symmetry is quantified by the intensity ratio

% = 1.0534,

extracted from the intensity_ratio entry of layer2_metrics.json.
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Figure A6. Figure C.1 — Resonance heatmap Deterministic 1000 x 1000 structural matrix generated
by 02_layer2.py.

Table A13. Table C.2 — Resonance matrix statistics.

Parameter Value Description
Matrix size 1000 x 1000 Reduced numerical resonance couplings
Intensity ratio I, /I 1.0534 From intensity_ratio n

layer2_metrics. json

CPTP diagnostic (max) 09837 Internal norm deviation max_delta (24

tests)
CPTP diagnostic (mean) —0.9843 Mean deviation mean_delta over 24 tests
Raw trace value 92 4686 Unnormal.lsed mock trace of the struc-
tural matrix
Kernel K[5] Boundary projection kernel entering the

matrix construction

Appendix C.3 Layer IIl — Reduced Semi Spectral Evolution

Layer IIIl implements a reduced numerical semi spectral evolution on a modest three
dimensional grid. The update scheme follows the discrete form of Eq. (64) in Section 5
and is evaluated by 03_layer3.py using the configuration files 05_config.yaml and
params_alpha_v2.json. These runs are mock simulations without physical interpreta-
tion; they serve to test internal consistency of the continuity equation, energy conservation
and the link between the operator level structure and the effective quantities A.¢ and
6H/Hj stored in layer3_metrics. json.

E)tf)I)r(j _f’ ‘;7 N jI>r(ﬁ = (). ((::4L)
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Table A14. Table C.3 — Reduced lattice parameters (Layer III).

Parameter Value Comment

Crid size 1283 Rgduced numerical lattice, periodic bound-
aries

Spatial step Ax 0.5 Uniform spacing in code units

Time step At 0.05 Explicit semi spectral integrator step

Energy deviation g~ 3 x 1073

Seed 117666
Actt 1.00 4 0.05
SH/H, 5.1% % 0.6%

From energy.epsilon_E in
layer3_metrics. json

Global reproducibility for all layers

Mock effective cosmological term from oper-
ator couplings

Mock fractional drift value, cf. Eq. (68)

Appendix C.4 Validation Summary

All layers pass the consolidated CI checks with tolerances consistent with the metrics

recorded in layerl_metrics.json, layer2_metrics.json and layer3_metrics.json.

Table A15. Table C.4 — CI run summary.

Check Result Tolerance
Idempotency OZ«Z =0; Pass <4x1071
Commutation [0;, O] Pass <1012

Energy conservation (Layer III) Pass <5x1073

Appendix C.5 Cross-links to H and G

Table C.5 — Cross-links to Appendices H and G.

Topic Equations (C) Ref.H Ref. G
Operator algebra and lattice layout (C1) H.12,H14 G2
Structural matrix and coupling scheme (C2) H.19,H20 G.3,G4
Semi spectral kernel and projection operator ~ (C3) H22,H23 G4
Continuity and energy diagnostics on the lat- (Ca) H24 H25 G4, G5

tice
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Appendix D Overview of Cosmological Resonance Carriers

Appendix D.1 Introduction

This appendix summarizes the principal cosmological resonance carriers used in the

Supra-Omega Resonance Theory (SORT, v4). Table D.1 lists the carrier code, designation,

and the corresponding physical correlation in observational cosmology. The formatting
follows the PRD/JCAP style adopted in Appendices A-C.

Table A16. Table D.1 — Overview of Cosmological Resonance Carriers. Carrier code, designation,

and physical correlations used in v4.

Code Designation Physical Correlation

CMB CMB anomaly carrier Low-/¢ Ir}ultlpole asymmetries; cold-
spot regions

FG Early-galaxy resonance carrier JWST z > 10 structure formation

HHK Hubble heterogeneity coupling Dl.screpancy between local and cos-
mic Hy

{pB Dark-baryon oscillator BAO shifts; dark-matter coupling

MSMBH  Supermassive black holes Early gravitational feedback

1B Intergalactic bridges Non-causal connection networks

ORetro Retrocausality carrier Temporal inversion of causality

9) Cycle operator for cosmic expansion Big Bounce / cyclic universe recur-

rence

|Q> i) |¢Rand>

interference on &

Pproj (x) (D1)
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Appendix F Origin of Fragment 1: From the Holographic Principle to
Resonant Projection

Appendix F.1 Conceptual Background

The first fragment of the Supra-Omega Resonance Theory (SORT) is derived from
the classical holographic principle, which postulates that the informational content of a
volumetric region can be represented on its boundary surface. Within the AdS/CFT corre-
spondence, the bulk dynamics in a higher-dimensional space are mapped to a conformal
field theory at the boundary. This duality provides a consistent description of gravity as an
emergent phenomenon encoded in boundary degrees of freedom.

In this framework, the holographic relation establishes a passive mapping of states
between the bulk and the boundary. The information transfer is unidirectional and pre-
serves metric consistency, but does not include dynamic reciprocity or resonance feedback
between both domains.

Appendix F.2 Resonant Extension

In the SORT framework, the holographic principle is extended to a resonant formalism
in which projection becomes an active process mediated by bidirectional field interference.
The projection operator 7t acquires a resonance parameter «, linking the boundary and
bulk through coupled field modes ¢ and ¢_. These fields represent dual polarities of the
same underlying state and interfere along the surface ¥, generating measurable projection
densities.

Dark matter is interpreted as a structural carrier of this resonant coupling, acting as a
projection beam that conveys the interference between conjugate fields. The resulting stand-
ing pattern defines the observable geometry of space. The field dynamics are not imposed
externally but emerge through resonance stabilization across the projection surface.

Appendix F.3 Formal Transformation

The transformation from the classical holographic mapping to the resonant projection
framework is formalized as follows:

T — Ty, K =K%y, p—] (F1)

The operator 71, defines the resonant projection map over the boundary X, incorporat-
ing field interference as a dynamic modulation. This replacement introduces local feedback
into the projection process, establishing a self-consistent equilibrium between projection
intensity and boundary curvature.

The corresponding energy density of the projected field pproi(x) is determined by
the interference amplitude between ¢ and ¢_, which governs the spatial coherence of
observable structures.

Appendix F.4 Validation Context

The theoretical formulation of the resonant projection operator was validated nu-
merically through simulation sequences in the Dark Matter Patch Plan framework and
subsequent comparative analysis between the Rerun and Patch Runbook configurations.
These tests demonstrated consistent preservation of light-balance neutrality and stability of
projection amplitudes across boundary perturbations. Results confirmed that resonance-
driven projections reproduce the large-scale distribution of matter under cosmological
constraints, supporting the theoretical consistency of Fragment 1.
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¢ Validation protocol: Dark Matter Patch Plan — static mode verification. 178
¢  Comparative sequence: Rerun vs. Patch Runbook — dynamic mode testing. 1179
*  Key metric: CPTP consistency and projection-energy conservation. 1180
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Appendix G Reproducibility and Archive Specification

Environment note. All reproducibility information in this appendix refers to the consoli-

dated mock configuration described in Section 5. The environment operates in deterministic

mock mode on reduced numerical data structures without physical interpretation. No

hardware dependent kernels, GPU optimisations or large scale or hardware accelerated

FFT operations are used; only reduced FFTs within the mock lattice are employed for the

semi spectral updates.

Appendix G.1 Data & Code Availability

All inputs required to regenerate the numerical results of Sections 5 and 7.3 are

archived under the DOI:

10.5281 /zenodo.17563356.

The archive includes all configuration files, operator tables, layer scripts and metric

outputs generated by the unified mock pipeline. All outputs are written to . /results and

checksums are recorded in the top level manifest.

One command replay (mock mode):

export TOE_MOCK=1 SEED=117666
python 01_layerl.py && python 02_layer2.py && python 03_layer3.py

Table A17. Table G.1 — Data and code availability. Repository structure and main artefacts

enabling deterministic replay of all layers.

Category Description

Repository Supra-Omega Resonance Theory (SORT) dataset archive

DOI 10.5281/zenodo.17563356

Included files Configuration files, operator tables, layer scripts, metrics and manifest
Execution Deterministic replay scripts for Layers I-III (see below)

Output path  ./results/ directory containing all mock outputs

Appendix G.2 Declared Inputs

The mock configuration is defined by the following artefacts, all included in the DOI

archive:

Table A18. Table G.2 — Declared input artefacts.

Filename

Purpose

05_config.yaml
06_operators. json
params_alpha_v2. json
01_layerl.py
02_layer2.py

03_layer3.py

Global mock settings; lattice parameters (N, Ax, At, Njter);
seed 117666.

Definitions of the 22 resonance operators and the light balance
coefficients (c;) with }; ¢; = 0.

Grid definition for the a scan in Layer III; coincides with the
alpha_values field in layer3_metrics. json.

Symbolic Layer I algebraic diagnostics (idempotency, com-
mutators, Jacobi sums, light balance).

Structural matrix construction (Layer II) and extraction of
symmetry ratio and CPTP diagnostics.

Semi spectral evolution (Layer III) using the « grid and com-
putation of (Eg, €g, Aegr, 0H/ Hp).
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Appendix G.3 Executable Artefacts 1201

Mock execution uses only the three canonical layer scripts: 1202

Table A19. Table G.3 — Executable artefacts (Layers I-III).

Script Layer Description

Symbolic operator diagnostics; idempotency, commutators,
Jacobi checks, light balance verification.

Structural matrix construction; evaluation of Iy /I_ and CPTP
diagnostic Acprp.

Semi spectral update on the reduced lattice and extraction of
(Eo, €, Mt 0H/ Ho).

01_layerl.py I
02_layer2.py II

03_layer3.py III

Appendix G.4 Expected Outputs 1203

Replay of the mock configuration produces three canonical metrics files and the 120
manifest: 1205

Table A20. Table G.4 — Output artefacts (mock configuration).

Filename Content

Idempotency and Jacobi residuals; light balance diagnostics
for the 22 operator ensemble.

Symmetry ratio I /I_; CPTP diagnostics (max/mean devia-
tions and number of tests); structural matrix statistics.

layer3_metrics.json Ey, €g, Aegr, 0H/ Hy and related diagnostics for the a grid.

Bytes and SHA 256 hashes of all artefacts; used for the repro-
ducibility condition in Eq. (71).

layerl_metrics. json

layer2_metrics.json

07_manifest.json

Appendix G.5 Hash Verification 1206

Exact replay is guaranteed when all SHA 256 hashes in 07_manifest.json match the 1207

extracted artefacts from the archive. 1208
HASHgogrr = SHA256(sort_mock_v2.zip). (71)

The recorded archive checksum is 1200

SHA256(sort_mock_v2.zip) =

1210

B4195C7AC3815D82A57563D555F9998DATFA942943F88F504F3BAB6E23DC1954

Mock artefacts are deterministic for seed 117666. 111
Appendix G.6 Deterministic Replay 1212
Replay of all layers requires only: 1213
export TOE_MOCK=1 SEED=117666 1214
python 01_layerl.py && python 02_layer2.py && python 03_layer3.py 1215

1216

All outputs are written to . /results and verified against the entries in 07_manifest. jsom
No additional system specific settings are required beyond a standard Python 3.11 environ- 1z
ment with the packages listed below. 1219
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Appendix G.7 Software Environment

Table A21. Table G.5 — Software environment.

Python
NumPy
SciPy
SymPy
Matplotlib
Pandas

3.11
2.0
1.14
1.13
3.9
2.2

1220
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Appendix H Equation Index and Definitions

Table H.1 — Equation Index. All numbered equations (1-89) with symbolic definitions and

derivation references.

Eq. Symbolic Form Description Reference
No.
1) Yic=0, (51-2 =0;, [0, éj] = Abstract: light-balance, idempotency Sec. 1
Ofor (i,j) e C and commutation constraints for the 22
operators.
(2) 6Hy = Abstract: predicted Hubble-drift Sec. 1
+(7.0+1.1) kms~ ! Mpc~! envelope between local and asymptotic
regimes.
(3) Hpal =73.0+1.0, HfMB = Abstract: benchmark cosmological Sec. 1
674+05, AT/T =~ values used as reference scales in the
1072, Aot = Abstract
(1.00 £ 0.05) Apjanck
(4) HgMB =674+ Introduction: quantitative statement of ~ Sec. 1
0.5kms I Mpc~!, Hipeal = the Hubble tension.
73.0+1.0kms~! Mpc~!
(5) A;~1073, AT/T =~ 107° Introduction: summary of low-{ CMB Sec. 1
anisotropy amplitude and temperature
contrast.
(6) z>10, M, ~ 10° My, Introduction: typical mass scale of early ~ Sec. 1
galaxies observed by JWST at high
redshift.
(7) H= Hﬁl O;, éiz = 0; Introduction: total projector as ordered  Sec. 1
product of 22 idempotent fragment
operators.
(8) leil ¢ = Introduction: global light-balance Sec. 1
condition over fragment weights c;.
9 Yproj =Y = Introduction: definition of the projected  Sec. 1
Jsx[Z 9T, 7] ¥ (9™ )de observable state via kernel .
(10) [y x[Z T, ¢~ 12dgtde~ =1 Introduction: normalization condition Sec. 1
for the projection kernel .
(11) 6Hy(r) o< V?Dpg(r) Introduction: minimal falsifiability Sec. 1
relation between Hubble drift and
foreground potential.
(12) {él}lzi 17 O; : Hg — Hy Definition of the 22 fragment operators ~ Sec. 2.1
on the projective Hilbert space Hp.
13) O? =0, Idempotency condition for each Sec. 2.1
fragment operator.
(14) H=T12,0; Total projector defined as ordered Sec. 2.1
product of all fragment operators.
(15 H?>=H Idempotency of the total projector. Sec. 2.1
(16) A% = leil Oi) (Hf,l O]> =  Explicit algebraic proof that His Sec. 2.1
HE 1(012) — I—LZi ) O,=H idempotent.
(17) H = 21231 ¢;O; spectral (linear) decomposition of the Sec. 2.1

total projector in terms of fragments.
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Eq. Symbolic Form Description Reference
No.
(18) leil ¢ = light-balance (spectral neutrality) over Sec. 2.1

the fragment weights.
19) € ={(i,))|10:0; =0} definition of the set C of commuting Sec. 2.2
operator pairs.

0) [0, Oj] = controlled residual non-commutativity ~ Sec. 2.2
iAjj O 110;, O]] | <1012 with small norm bound.

1) [0, [Oj, O] + O]-, [Or,Oi]] +  Jacobi identity for the resonance algebra.  Sec. 2.2
[0k, [0, 0] = 0

(22) «[Z 9T, 97] = analytic form of the projection kernel Sec. 2.3
Ny exp(— (¢t — with width ¢ and phase 6.

23) Jx«[Z; 9T, 97]*dpTde™ =1 normalization condition fixing N for Sec. 2.3

the kernel.
(24) (m¥)(x) = definition of the action of the projection ~ Sec. 2.3
Jsx[Z 9%, 7] ¥ (9 )de~ operator 7ty.
(25) m2¥(x) = explicit verification of idempotency of ~ Sec. 2.3

TTx (fz k[Z 01, 07 ¥(e) d(p’) the projection operator.
JoxZot 7] ¥(9p7)de™ =

¥ (x)

(26) Yproj(x) = explicit expression for the projected Sec. 2.3
Jsx[Z o, 7] ¥ (97 )de™ state.

27)  Pproj(x) = & [Fproj(x)[? definition of the projected density with ~ Sec. 2.3

normalization constant «.
(28)  J5 Pproj(x) d3x = Eg = const.  global light-balance as conserved total ~ Sec. 2.4

projected energy Ey.
(29)  Lsort = Pproj — effective Lagrangian density and its Sec. 2.5
%a |IV¥2, [Lsorr] =Jm™3  physical dimension.
(30) Ssort = [ LsorT d3xdt action functional for the projection Sec. 2.5
dynamics.
(B1) Yproj(x) = restatement of the projective mapping  Sec. 3.1
Jsx[Z 9%, 7] ¥ (9 )de for defining projective states.

32) Ju«[Z;¢", 97 ]*dpTde™ =1 normalization condition ensuring norm  Sec. 3.1
preservation of the mapping.

(33) 72 = i idempotency of the projection operator ~ Sec. 3.1
as an operator identity.

B4 Jx|¥projl* dx = [L[¥[*d3x conservation of total norm (energy) Sec. 3.1
under projection.

(35 H Yproj =0 stationary condition for the projected Sec. 3.2
state under the total resonance operator.

(36) H= Z%il c;O; total operator expressed as weighted Sec. 3.2
sum of idempotent fragments.

(B7) U¥proj + Ueff(‘I’proj) =0 resonant field equation for the projected  Sec. 3.2
state with effective potential.

(38) ppm] = & [¥proj| % Jproj = definition of projected energy density Sec. 3.2

(‘I’prOJV‘Ypro] and projective current.

prO] vquro] )
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Eq. Symbolic Form Description Reference
No.

(39)  9tPproj + V * jproj = 0 continuity equation for the projected Sec. 3.2
energy density and current.
(40)  Pproj(x) = definition of projective energy density =~ Sec. 3.3
o [ ¥ proj (x )|2, [a] = and its unit.
(41) j* =alm(¥: projon¥ rOJ) conserved Noether current associated Sec. 3.3
with phase invariance.
(42) Iyj' =0 equivalence of four-divergence Sec. 3.3
OtPproj + V- j =0 conservation and continuity equation.
(43) Yproj = s, Hs¥s =0 holographic limit where projection Sec. 34
reduces to boundary mapping.
(44) g;fvf = uv + By Y5 0v ¥ proj  effective metric induced by the Sec. 3.5
resonance flow of the projected field.
45) Q) T [ ¥bdry) interference schematic flow from source state to Sec. 3.6
Pproj(¥) observable density via projection.
(46) =[x x(x,y) ¥(y)d3y integral representation of the abstract Sec. 4.2
projection along the boundary.
@47) ds* = (1 +2®)dt? + perturbed FRW metric in Newtonian Sec. 4.3
a®(t)(1 — 20) dx? gauge.
(48) Hjoc = H+6H definition of the local Hubble parameter = Sec. 4.3
with drift 6H.
(49) 0= %V v, O0H= —%6 kinematical relation between expansion  Sec. 4.3
scalar, velocity divergence, and Hubble
drift.
50) 94+ Hv=-Vd/a Euler equation for scalar perturbations  Sec. 4.3
in Newtonian gauge.
(51) v~ —-V®/(aH), 6~ quasi-static linear-regime Sec. 4.3
~V2®/(a*H) approximations for velocity and
expansion.
(52) OH ~ ﬁ Vi relation between Hubble drift and Sec. 4.3
Laplacian of the potential.
(53) V2Ppg = Poisson equation for the SORT Sec. 4.3
47tGa25ppr0j, Opproj = foreground potential sourced by
Pproj — ppm] projection density.
(54) 0H ~ 3 T (Sppm] drift-density relation connecting Hubble  Sec. 4.3
drift and projection density fluctuations.
(55) (5H0 =/ d3x’ Wr(x' — radial drift estimator with smoothing Sec. 4.3
X) i i V’ZCDFG( " window Wg.
(56)  Wproj(x) = Py [¥(x)] static boundary map in the Sec. 4.3
constant-coupling limit.
(57) Yproj(x,t) = Lrax s gr(x)  modal decomposition of the projected Sec. 4.4
field in terms of eigenmodes.
(58)  PoMefr(x) = & [Fproj(X) ? effective dark-matter density defined as  Sec. 4.5
projective amplitude.
59 0?=0;, [0 Oj] I < idempotency and numerical Sec. 5.1
&ij, €j < 1012 commutation bound in symbolic Layer I.
(60) H= Zf‘i 1 c;0;, Zl 16=0 spectral representation and neutrality of Sec. 5.1

the total projector in Layer L.
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Eq. Symbolic Form Description Reference
No.

(61) IT/I~ =1.0534 dual-mode intensity ratio. Sec.5.3
(62) Tr(mimep) = Tr(p) The formal trace-preservation Sec.5.3
requirement for the projection operator
Tk in the idealized norm-preserving
limit.
(63) Tr(H) =0 analytical neutrality condition following  Sec.5.3
Zi C; = 0.
64) Yypi1(x) =¥u(x) + semi-spectral lattice update schemein ~ Sec. 5.3
At FL[H(K) F(¥n(x))] Layer IIL
(65)  Pproj(x) = discrete definitions of projected density ~ Sec. 5.3
o [Yproj(x) %, j# = and current on the lattice.
« Im(‘I’;rojay‘I’proj)
(66) Otpproj + V -j=0, error < discrete continuity equation and its Sec. 5.3
3x1073 numerical error bound.
(67) Aegf = Eio Y Aij (Oiéj> = emergent effective cosmological Sec. 5.3
1.00 £0.05 constant from operator couplings.
(68) 0H/Hy = predicted fractional Hubble drift from Sec. 5.3
31T0 Zi,j /\ij <‘I’proj, Oiéj‘}’proj> = operator expectation values.
(5.1+0.6)%
(69) RMSE = definition of root-mean-square error Sec. 5.4
\/ % YN (fobs — fmod)2 used for validation.
obs __ rmod )2
(70) X2 = ﬁ ZnN:1 % reduced chi-square statistic for Sec. 5.4
model-data comparison.
(71) HASHsogrr = bit-level reproducibility by hashing the ~ Sec.5.5
SHA256 (sort_mock_v2.zip)  full mock_v2 archive listed in
07_manifest. json.
(72) V2 ®pg = 47'(Ga2(pproj — Pproj)  Poisson equation used in empirical Sec. 6.1
calibration of the foreground potential.
(73) % = % (Pproj(r) — calibration relation linking drift, density =~ Sec. 6.1
Bproj) = Approj(r), A = contrast, and factor A.
(3HZ)™'-4nG
(74) (717;[0 = 02 as + (T}%V + 02, decomposition of the total Hy Sec. 6.1
uncertainty into measurement,
peculiar-velocity and cosmic-variance
components.
(75) ‘5%:) = definition of the scale-averaged radial Sec. 6.2
VLR fVR 3112171_]5 V2Ppq (x) d3x Hubble drift.
(76) ((6H/Hp)?) &« R™3Pg(k ~ expected variance of the drift in terms of ~ Sec. 6.2
1/R) the potential power spectrum.
(77) on,/Ho ~ {1.2% (R = mock numerical standard deviations of ~ Sec. 6.2
100Mpc), 0.8% (R = the normalized Hubble drift for three
200Mpc), 0.5% (R = scales.
300Mpc)}
(78) Pcmp(0, @) = spherical-harmonic expansion of the Sec. 6.3

Zé,m Am Yém(er (P)

CMB temperature field.
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Eq. Symbolic Form Description Reference
No.
(79) AT/T =~ (0.940.1) x 1075 SORT-predicted CMB temperature Sec. 6.3
fluctuation amplitude.
(80) C(r) = (Pproj(X) Pproj(x + two-point correlation function of the Sec. 6.4
r)) >~ exp(—r/Lc) projection density with coherence length
L.
(81) H(r) = relation between local expansion rate Sec. 6.4

HYCPM (1 + ey (r)], en(r) ~ and projected density fluctuations.
pproj(r)/Eo —1<5x% 10_3

(82) Aegr = numerical estimate of the effective Sec. 6.5
(1.12 £0.08) x 1072 m~2 cosmological constant in SORT.
(83) O% =0, Y?2,¢=0 restated idempotency and light-balance  Sec. 7.2
constraints in the methods section.
84) |[0;, O]-] | <e e~10"12 commutator bound defining the Sec. 7.2
commutation map in methods.
(85) @ +V.j=0, j= continuity equation for the projection Sec. 7.2
o Im(‘i’;roj V¥ proj) field in the methods summary.
(86) LgsorT = dual-field SORT Lagrangian used for Sec. 7.2
Toupidto_ —V(ipig-) Euler-Lagrange derivation.
(87) aa(Ti — 0y (%) =0 Euler-Lagrange equations for the Sec. 7.2

coupled resonance fields ¢ .
(88) Hy(r) = Heo(1+€|¥|?), &= parametrization of Hubble drift in terms ~ Sec. 7.2

<‘le|>‘17\ { |>‘Y\2>o of resonance amplitude variance.
0
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Appendix J Derivations and Proofs
Appendix ].1 Conventions and Assumptions

Domain: Spatially flat FRW background with scale factor a(t); scalar perturbations in
Newtonian gauge; foreground effective potential ®gg sourced by pproj-
Distances: Luminosity distance dj (z), comoving distance x(z), Hubble rate H(z), local
drift HO (I‘) .
Projection: Projection operator 77, with kernel x[%; ¢, ¢_]; projected density pproj =
44 |1Pproj ‘2.
Operator algebra: Fragment operators O;; global projector H = [1?2, O;; idempotency and
light balance as in H.1 H.13 H.18 H.83.
Indices and spectra: Ensemble averages (-); angular spectra Cy; Legendre polynomials P,.
Uncertainty calculus: Covariance matrices C and Jacobians J with linear propagation
Cout = JCinJT-

Symbol Definition

Drg Foreground effective potential sourced by pproj-

¥ proj Projected state amplitude after application of 7.

et Effective cosmological term from resonance coupling.

n Scalar parameter derived from the kernel phase (see J.2).
J Sensitivity matrix used for uncertainty propagation.

A Euclidean Laplace operator; V-denotes divergence.

Table J.0 — Symbols. Compact list of symbols newly introduced in Appendix J.

Appendix ].2 Cross links to G and H

Topic Equationsin] Ref. H Ref. G
Idempotency of H (J12) H.1,H.13,H.18, H83 G.1,G.2
Hubble drift 6Hj J1-7J4) H.47-H.55; H.72-H.75 G.3,G4
Kernel phase, low-{ modulation  (J6)-(J8) H.78, H.79 G.5,G.6
Effective Ao J9)-(J11) H.67, H.82 G.7
Projection spectrum / energy (J14) H.17, H.36 G3
Discrete — continuum limit (J15), (J16) C4 G.5,G.6
Energy flow and conservation J17) H.39-H.42 G4
Classical limit of projection (J18) H.48 G5
Finite-difference update scheme  (J19) H.59-H.63 G.8
Projected density contrast (J20) H.64-H.66 G.3
Angular power / x? fit (J21) H.73, H.74 G.6
Stationary-phase limit of A (J22) H.82 G.7
Result-box summaries (J23)-(J27) various (H.47-H.82) G.1-G.7
RMSE / residual estimators (J28)—(J30) H.69 G.6
Reduced x? (J31)-(J33) H.70, H.71 G.6
Variance decomposition (J34)—-(J36) H.74 G.7
iagdial smoothing / drift averag- (137)~(138) Ho5 G4
Drift variance scaling (J39)-(J43) H.76, H.77 G4

Table J.1 — Extended cross links. Key derivation blocks in Appendix ] mapped to the corresponding
equations in H and numerical diagnostics in G.

1222

1223

1224

1225

1226

1227

1228

1229

1230

1231

1232

1233

1234

1235
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Appendix .3 Hubble Drift §Hy

Assumptions. (A1) Perturbed FRW background in Newtonian gauge with metric
potential ®rg. (A2) Small redshift z — 0 for the expansion of d (z). (A3) Poisson coupling
AD « pior with Ptot = Pm + Pproj-

Proposition 1. The linear local drift §Hy(r) follows in the limit z — 0 from the
sensitivity of d; as

oHy __ 2 (od
HO_ 0z dL

Proof. With d; = (1+2z)x(z) and x(z) = [;dz’ ¢/H(Z'), a variation in H gives

_ with dL(z):%[l—%(l—qo)z—i—...] J1)

5dp(z) = —(1+z) /dz gy PHE) 1) 8 72)

For z — 0 and 0z = 0 one finds éd; /d; = — 6Hy/Hp + O(z). Differentiating with respect
tozatz = 0yields (J1). O
Lemma 1. The foreground projection shifts Hy(r) via

1

SHo() = ~ 53 V(1) = 37z

i APrG(r), 03)

with A®pg = 471Ga? Sptot and dptot = dpm + 5pproj.
Proof. Linear continuity 4 + Vv = 0 and Euler equation v + Hv + V®/a? = 0 imply
J3)- U
Corollary. With pproj = & [¥proj|*,
0Hy 4nG

A(I)FG = 47TGQ2 ((Spm +u 5‘Tpr0j|2)/ H() 3H2

(Spm + &8 ¥proi?).  (4)

Uncertainty propagation. For 6 = (Hy, qo,...) andy = (dr(z1),...,dL(zn)),

35H,
E))/ 0*

J= , Var(6Hg) =JC4J". J5)

Domain of validity: z < 0.1 with leading O(z?) corrections. Cross references: H.47-H.55.

Reproducibility: seed 117666, hash groups G.2 and G.4.

Appendix ].4 Small-£ Derivation from the Kernel Phase

Assumptions. (B1) Statistical isotropy on large angles with weak modulation by the
kernel phase. (B2) Two-point function C(6) = (AT(A)AT(f')) with cosf = a-f'.
Proposition 2. From

Z Mi Cy Py(cosb) (J6)
>0

and the weak modulation K(6) = exp[ia (1 — cos6)], one obtains up to O(a?)

2)

C,=C 4aocV +a26c® + R, <30 J7)

Proof. Insert K into C(#), expand to a2, and project onto Py. The corrections scale as

1meww®mmmm«m — 12 CO () dp. O
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Definition 1. 1
a=— /dzUArgK[Z? b+, 9-], (J8)
> Jz

i.e., & is the mean kernel phase across £. Remainder bound: |R,| < ¢, a® for £ < 30. See
section 6.3 for the A, mock low—/ diagnostic. Reproducibility: seed 117666, hash groups
G.5-G.6.

Appendix ].5 Effective Cosmological Term A

Starting point. Coupling sums of the main text H.67 and H.82 with normalization Ey.
Definition 2.

At = Eg 1Y 1 (0:0)) — Ao. J9)
ij

Proposition 3. With the spectral form O; = ¥, wi, |«) («],

Aett = Ej! Z(Z Aij wmw]’a> P — Ao, Pa = (&]Pproj|a)- (J10)
x \'ij
Proof. Insert spectral forms, use orthogonality and linearity of the expectation value.

Uncertainty propagation. For 6 = (\;;, wiy, pa, Eo),
0% (Aet) = VoA s Co VoAt (J11)

Remark. A is a resonance residual, not a vacuum-energy replacement. Stationary-phase
assumptions suppress fast oscillations in the surface integral. Reproducibility: seed 117666,
hash groups G.3 and G.7.

Appendix ].6 Algebraic Proofs
Appendix ]J.6.1 Idempotency of the Global Projector

Proposition 4. If (51,2 = O; and the ordered set is pairwise compatible, then with

A

A% =A. (J12)

Proof. A% = ([T;0:)(I1;0;) = ITi(0}) =I1;0; = H. O
Residual bounds. For non-exact commutators [O;, Oj} # 0, the Jacobi residual J;jx =
[0, [Oj, O¢]] + cycis bounded by || J || < e. Layer I yields e ~ 10~1° (see C).

Appendix J.6.2 CPTP Property of 7ty

Lemma 3. If
/dzmc*(a, o) x(o,0") =és(c’ — "), (J13)
p)

then i, (p) = [ d?0d?0’ x(v,0") px' (0, 0’) is completely positive and trace preserving.
Proof. Kraus form with K,, ,» = (0, 0”). Trace preservation follows from " K'K = I
by (J13). O
Layer II reports the corresponding CPTP diagnostics in layer2_metrics.json. In
the present mock configuration, these entries quantify the internal norm choice and are
used as consistency indicators of the projection, not as an exact numerical verification of
YK'K=1.
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Appendix ].6.3 Spectral Energy Derivation (see H.17 and H.36)
Assumptions. Projection pproj = 7« [ ¥, ¥1); spectral form H = ¥, e, |a) («].
Proposition 5. The projected energy reads
Eproj = Tr(p prol Zpa €ay Pa = <‘X|Pproj|lx>- (J14)
Proof. Insert spectral forms into the trace and use orthogonality of |a). O
Appendix ].7 Discretization and Continuum Limit
Discrete continuity.
On a grid with Ax, At and periodic boundaries,
+1 _qn
P? Pl 1+ed Ji- é4
=0. 15
+ Z Ax (15)
J.5.B Continuum limit.
For Ax, At — 0,
dp + V=0, (J16)

consistent with C4. Stability for explicit schemes requires Courant factor c At/Ax < 1.

J.5.C Energy conservation and flow (Egs. 39-42).
With local energy density u = p Eproj and fluxJ, = uv,

o+ V-J, =0. (J17)

J.5.D Classical limit (Eq. 48).

For a weak projection parameter ¢ — 0 and 71, = I+ g Am + O(g?),
‘Fproj - IIIclr H— Hclr ‘Fproj - ‘Fholo' (]18)

J.5.E Time update scheme (Eqgs. 60-63).
Explicit finite difference update

n+1 At 2 n n 1
i - pl ZAx (]i-‘réd - ]i—éd) (] 9)

converges for ¢ At/Ax < 1. Reproducibility: mini lattice N = 32, seed 117666; hash group
G.5; logs in G.6.

Appendix ].8 Scaling Relations and Applications Verification (Eqs. 64-75)
Projected density contrast (Eq. 66).
From Poisson A®gg = 471G 6p with 5p = pproj,

k2

‘Sproj (k) = 3H

— Drg (k). (J20)

Local Hubble drift (Eqs. 68-70).

Application of ].1 to mock light cones and 1000 x 1000 matrix averaging (Layer II)
within the deterministic configuration of Section 6.
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Angular power fit (Eq. 73).
Cobs o Cmodel 2 ~
2=y (S - Voo cl” +asclV +a2oc?. (J21)
l l
Fit range ¢ < 30; remainder bound |R | < ¢, a’.
Effective A term and stationary limit (Egs. 71, 74-75).
_ A A stationary phase
Acit = Eg ' YA (0:0)) — Ag Ao, (122)
ij
with uncertainty propagated as in (J11).
Appendix ].9 Fit and Residual Analysis
Parameter Value Uncertainty Source
w 13x107% £0.2x1072 Sec. 6.3 fit, £ < 30
x*/d.of. 097 — same range
At — Ao 21x107° 03 x107° Simulation Layer III
Table A23. Fit summary. Parameter estimates and residual diagnostics used in Section 6.
Appendix ].10 Result boxes
d0Hy 9 [ ddy 4G 2
— = = =—(9 0¥ proi O(z). 23
=5 )| = i Gom 2 ¥pmf) 402 023
Cr=C +ascV +a25c? + R, £<30, |Ry| <cad, (J24)
Aett = Ej! Z(Z Aij wm%@) po— Ao, 0 (Aetr) = VAGHC VAeg. (J25)
w \ i
A*=H, Trmd(p)=Trp,  myis CPTP. (J26)
dtp+ V:J =0 as the continuum limit of the discrete balance equation. (J27)

Validity and reproducibility. The linear regimes in J.1 and ].2 apply to small contrasts
and large angles; corrections of order O(z?) and O(a?) are to be quantified separately. The

construction of A.g in J.3 assumes stationary phase and spectral separation of operators.

Algebraic residuals in J.4 are bounded by Layer I tolerances. The discrete to continuum

limit in J.5 assumes consistent schemes and periodic boundaries. All validations use seed

117666 with hash groups G.1-G.7.
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Appendix ].11 Statistical estimators and drift integrals

This section collects the derivations of the statistical estimators and drift integrals used
in Section 6, in particular Egs. (69)—(77) of the main text.

Appendix J.11.1 Root mean square error (Eq. 69)

Given a set of observed data points fP* and model predictions f°d forn =1,...,N,
the residuals are
o = i = i (128)

The empirical mean square residual is

1 N N
MSE = = ) r = Z obs — fmod)®, (129)

The root mean square error is defined as the positive square root of the mean square
residual,

1 N
RMSE = N Z ( obs fmod) (J30)
n=1
which coincides with Eq. (69) in the main text. In the Gaussian noise limit, RMSE is an
unbiased estimator of the standard deviation of the residual distribution.

Appendix J.11.2 Reduced chi square and goodness of fit (Eq. 70)

For data points bes with model values Xl.mOd and known standard deviations o;, the
(unreduced) chi square statistic is

Xobs Xmod)

N
E (J31)

l

If the model has p free parameters, the effective number of degrees of freedom is
Ngof = N —p. (J32)
The reduced chi square is then defined as
2 N qus _ Xmod)z
2 X i
, (133)
Xv = Naof Z 2

1:1 i

which reproduces Eq. (70). For correctly estimated uncertainties and a well specified
model, one expects x2 ~ 1.

Appendix J.11.3 Variance decomposition of Hy (Eq. 74)

Let Hy be an estimator that is affected by three statistically independent sources of
uncertainty:

e measurement noise with variance 02,
*  peculiar velocity contributions with variance O'I%V,
e cosmic variance with variance 72, .
Writing
6Hy = 6HJ™ + 6HY" + SH', (J34)
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and assuming vanishing cross covariances,
(SHE6HYY ) = (SHE*S6HSY) = (6HY 6HSY) =0, (J35)
one obtains
01, = (OH)) = Ommeas + Gpv + 0as 36)

which is Eq. (74) in the main text.

Appendix J.11.4 Drift averaging and radial smoothing (Eq. 75)

The local drift §H(x) in the linear regime is related to the foreground potential ®pg
via !
"~ 3a2H,

H(x) V2®pg(x). (137)

To obtain a scale averaged radial drift over a spherical region of radius R and volume

Vg, one defines
0H(R) 1 1
Ho Vg Jvg 302H}

V20 (x) dx, (J38)

which reproduces the form of Eq. (75). This expression is equivalent to a spherical top
hat smoothing of 6 H/ Hj in real space.

Appendix J.11.5 Drift variance and potential power spectrum (Eqs. 76-77)

In Fourier space, the potential is written as

d3k ;
Prclx) = [ s Prallo e, 039)
with power spectrum
(@ra (k)P (K)) = (27)%6) (k = k') Por (). (J40)

The smoothed drift SH(R) / Hy can be written as

SH(R)
Hp

&k
- / Gy VRO K () @ (), (J41)

where Wg (k) is the Fourier transform of the spherical top hat window of radius R,
and C(k) encodes the Laplacian factor and normalization. The variance of the smoothed

2 3
<<(Zj> > :/(;711()3'|WR(’<)|2|’C(’<>|2P¢(’<)- (J42)
R

For a narrow window in k around k ~ 1/R and slowly varying K(k), the integral is

drift becomes

dominated by modes near k ~ 1/R, so that

2
<5H> « R3Pp(k ~1/R), (43)
Hy R

which yields the scaling relation quoted in Eq. (76) and the numerical values sum-
marised in Eq. (77).
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Appendix K Glossary of Resonant Terminology
Appendix K.1 Rationale for a New Lexicon

The Supra-Omega Resonance Theory (SORT) adopts an operatoric ontology that de-
parts from the particle-based metaphors of both Quantum Field Theory (QFT) and String
Theory. Instead of quantized excitations propagating on pre-defined geometries, the fun-
damental entities of SORT are idempotent operators acting within a finite resonance algebra
of twenty-two fragments. Each operator defines a stable subspace whose interactions are
described by resonant coupling rather than by particle exchange. This shift in ontology de-
mands a corresponding shift in terminology: words derived from geometric or particulate
imagery (e.g., “strings,” “branes,” “bosons”) obscure the algebraic nature of the model. The
glossary below formalizes the conceptual replacements introduced in SORT and motivates
them from both mathematical and physical perspectives.

The replacement scheme is not merely linguistic. It expresses a re-organization of
theoretical structure: from geometric propagation on extended manifolds to algebraic
resonance within an idempotent operator space. Where String Theory treats consistency
through conformal anomaly cancellation, SORT secures internal coherence through light-
balance neutrality and structural idempotency. The following sections outline this transition
in five conceptual domains: carriers, symmetry, topology, balance, and composition.

Appendix K.2 From Particles to Resonance Carriers

In conventional QFT the boson functions as the mediator of forces between matter
fields. In String Theory it corresponds to vibrational excitations of one-dimensional strings
on a worldsheet. Within SORT, such objects are replaced by resonance carriers—minimal
idempotent interactions between fragment operators. Each resonance carrier represents
a quantized transfer of structural phase rather than a transport of energy-momentum.
Mathematically, it is realized as a local resonance term coupling two idempotent operators
O; and O; within the total projector A = ¥ c;0;. The interaction amplitude replaces the
field-theoretic propagator.

Because each operator satisfies O? = O;, resonance carriers do not generate cascades
or infinite towers of excitations; they stabilize the algebra by preserving idempotency.
This makes the resonance carrier the elementary mediator of coherence in the projection
manifold—an analogue to the boson but stripped of geometric assumptions and field-
quantization ambiguities.

Appendix K.3 Light Balance and the Replacement of Central Charge

String Theory enforces consistency through the central charge ¢, which governs
anomaly cancellation and determines the critical dimension of the worldsheet theory. SORT
replaces this scalar with the light-balance condition, expressed as the sum of resonance
weights ) ; c; = 0. Here each c; quantifies the order contribution of a fragment operator to
the global structure. The light-balance condition plays the role of an internal conservation
law: it ensures that emission and absorption processes in the resonance manifold exactly
compensate, yielding zero net amplitude drift. The order contribution thus replaces the
central charge as the invariant controlling algebraic consistency.

Where String Theory obtains conformal symmetry through two-dimensional geometry,
SORT achieves structural neutrality through the algebraic trace condition Tr H = 0. This
formulation eliminates the need for dimensional fine-tuning or anomaly cancellation in
higher-dimensional spaces; balance is enforced directly within the operator algebra.
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Appendix K.4 Structural Equilibrium instead of Anomaly Cancellation

Anomalies in quantum and string models mark the breakdown of gauge or dif-
feomorphism invariance. SORT secures consistency through structural equilibrium or
resonant balance rather than through compensating fields. The equivalent operation
is termed structural re-equilibration or Schwingungsharmonie: a constraint that the to-
tal algebra of twenty-two operators remains idempotent and trace-neutral under all ad-
missible compositions. This algebraic constraint replaces the need for Green-Schwarz-
type anomaly mechanisms, since all consistency conditions arise internally from the clo-
sure relations [0, [0, Ot]] + [O;, [O, Oi]] + [Ok, [0;, O;]] = 0 and the residual norm limit
105, 0] < 1072, Thus structural equilibrium is the resonant counterpart of anomaly can-
cellation, ensuring that informational flux through the projection operator is divergence-free
at machine precision.

Appendix K.5 Operatoric Symmetries instead of Supersymmetry

Supersymmetry introduces a graded algebra linking fermionic and bosonic sectors to
secure vacuum energy balance. In SORT, all operators act within a single informational sec-
tor; balance is achieved not through fermion-boson duality but through operatoric mirror
symmetry or light reflection. Each fragment possesses a dual fragment under complex con-
jugation and ordering inversion, producing dual resonance pairs that collectively preserve
the light-balance condition. This dual-resonant structure replaces supersymmetry while
maintaining the essential property of mutual cancellation between conjugate contributions.

Mathematically, the mirror relation O] = O; with ¢; = —¢; defines the pairing rule,
guaranteeing that the spectrum of the total operator is symmetric about zero. Hence, where
supersymmetry enforces vacuum stability through graded commutation, SORT attains the
same through algebraic reflection across its operator spectrum.

Appendix K.6 From Worldsheet to Resonant Surface

The geometric foundations of String Theory rely on the worldsheet, the two-
dimensional surface swept out by a string in spacetime. SORT discards this geometric de-
pendence and introduces the concept of the resonant surface or vibration skin (Schwingung-
shaut). It denotes the informational boundary on which the projection kernel [%; ¢, ¢—]
couples conjugate field configurations. Instead of being an embedding in spacetime, the
resonant surface is an operator-defined correlation domain in the projective Hilbert space
Hg. The kernel normalization [y |x|2d¢+ dp— = 1 ensures conservation of informational
energy along this surface. Thus, what String Theory interprets as geometric area, SORT
interprets as algebraic coupling strength; topology arises as a property of correlation rather
than geometry.

Appendix K.7 From D-Branes to Dimensional Membranes

In String Theory, D-branes serve as boundary objects where strings terminate, defining
higher-dimensional submanifolds that mediate interactions between sectors. SORT replaces
these geometric constructs with dimensional membranes, algebraic transition layers linking
adjacent resonance domains. A dimensional membrane represents the boundary condition
between distinct projection levels—analogous to the interface between Layers II and III in
the numerical implementation. Mathematically it corresponds to a coupling map between
operator subspaces rather than to an extended object in real space. This substitution shifts
the explanatory focus from topological embeddings to operatoric connectivity: transitions
between states are mediated by projection operators, not by spatial extension.
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Appendix K.8 Resonance Chains instead of Operator Products

The operator product expansion (OPE) in QFT and String Theory organizes local
interactions through series of composite operators. In SORT, this structure is replaced by
resonance chains or structural linkages—finite ordered products of idempotent fragments
forming the total projector H = []?, O;. Because each factor is idempotent, the chain is
stable under iteration and free of divergences. The resonance chain represents a closed alge-
braic pathway of coherence, through which information flows without loss or amplification.
This re-formulation eliminates renormalization issues associated with local products, since
the algebra is finite and self-consistent by construction.

Appendix K.9 Hierarchy within the 22-Fragment Algebra

All resonant terms and their analogues are organized within a fixed hierarchy of
twenty-two operators. Each operator embodies one fragment of the universal resonance
manifold, characterized by its order contribution c; and its domain of action (self-adjoint,
unitary, or mixed). Lower fragments describe elementary projection symmetries, while
higher fragments represent composite couplings and topological closures. The entire alge-
bra remains idempotent and spectrally neutral, ensuring that global resonance—analogous
to a stationary cosmological background—emerges from the balanced superposition of all
fragments.

This hierarchy substitutes for the infinite excitation spectra of String Theory: every
physical effect arises from the finite combinatorics of fragment interactions rather than
from mode expansions on an extended manifold.

Appendix K.10 Philosophical and Mathematical Motivation

The terminological transformation reflects a deeper methodological stance. String
Theory encodes physical phenomena in geometric form: motion of one-dimensional objects
on continuous manifolds. SORT instead interprets structure as emergent from algebraic
coherence. Geometry, energy, and time are secondary descriptors of resonant relationships
among idempotent operators. This transition—from geometry to algebra, from particles
to operators—mirrors the conceptual movement in modern quantum information theory
where states are defined relationally rather than ontologically.

Replacing geometric metaphors with resonant ones therefore improves both precision
and falsifiability. Quantities such as the light-balance, resonance variance, and projection
density can be computed directly from algebraic data and tested against cosmological ob-
servables (Hubble drift, CMB anisotropy, effective cosmological constant) without invoking
unobservable geometric dimensions.

Appendix K.11 Conceptual Transparency and Empirical Testability

By reformulating traditional terminology in operatoric language, SORT achieves a
vocabulary that is both mathematically rigorous and physically measurable. Each replace-
ment term corresponds to an explicit algebraic operation or conserved quantity within the
model:

*  Resonance carrier — measurable coupling amplitude between fragment operators.

¢ Order contribution — numerical weight determining spectral neutrality.

¢ Structural equilibrium — closure condition ensuring zero divergence of informational
flux.

e Light reflection (dual resonance) — algebraic mirror relation replacing graded super-
symmetry.

*  Resonant surface — correlation manifold defining non-local projection coupling.
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This lexicon links theoretical constructs directly to calculable and reproducible quan-
tities in the simulation pipeline. It allows the theory to be confronted with empirical
data—e.g., by deriving observable fields such as ®rg and dH / Hy—without reliance on
untestable geometrical abstractions.

Appendix K.12 Conclusion

Appendix K formalizes the linguistic and conceptual framework that distinguishes the
Supra-Omega Resonance Theory from traditional string-based or particle-based paradigms.
Through the systematic replacement of geometric metaphors by operatoric and resonant
constructs, the theory expresses physical law as a network of algebraic coherence relations
rather than as dynamics of extended objects. This terminology is not ornamental: it is the
logical language of a finite, self-consistent algebra describing cosmological self-coherence.
By grounding every concept in idempotency, closure, and light-balance neutrality, the SORT
lexicon achieves internal precision while remaining open to empirical falsification through
measurable resonance fields in cosmology.
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