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Abstract 85

The Supra–Omega Resonance Theory (SORT) introduces an operator–based projection 86

framework in which large–scale cosmological coherence arises from nonlocal resonance 87

geometry. Its foundation is a set of twenty–two idempotent resonance operators whose 88

weighted combination defines an effective projection operator Ĥ. The central structural 89

element is a Gaussian projection kernel κ(k) with a numerically calibrated correlation scale 90

σ0. The associated projection map πκ generates nonlocally correlated boundary states with 91

an idempotent operator structure. 92

Whitepaper v5 presents a mathematically hardened formulation of SORT. It estab- 93

lishes the complete 22 × 22 commutator algebra, derives idempotency and light–balance 94

constraints, defines the resonance space and its operator topology, and introduces a three– 95

layer validation scheme (symbolic, structural, numerical). Using the calibrated kernel, 96

the MOCK v3 environment produces stable projection fields that generate structurally 97

consistent trends across several observational regimes, including early galaxy formation, 98

scale–dependent Hubble drift, early supermassive black–hole seeds, large–scale CMB 99

modulation, and long–range correlation bridges. 100

The present version positions SORT as a mathematically consistent projection frame- 101

work. It does not rely on empirical fitting, but it yields reproducible numerical trends that 102

provide initial structural touchpoints for future quantitative implementations. Version v5 103

thus establishes the theoretical and numerical groundwork for falsifiable predictions in 104

forthcoming releases. 105

Within this purely structural setting, SORT yields an early–galaxy enhancement factor 106

of EFG ≈ 1.33 at z ≈ 10, a scale–averaged Hubble drift of δH/H0 = 0.08, and structural 107

seed masses in the range 104–108 M⊙, all obtained without empirical fitting. 108

1. Introduction 109

1.1. Motivation 110

Multiple, independent cosmological datasets now exhibit coherent deviations from 111

the expectations of the standard ΛCDM framework [2]. Among these are the unexpectedly 112

early appearance of massive galaxies in JWST deep fields, scale–dependent differences in 113

inferred expansion rates, the presence of supermassive black–hole seeds at high redshift, 114

large–scale anomalies in the low–ℓ CMB multipoles, and subtle shifts in the baryon acoustic 115

oscillation scale. On even larger spatial domains, galaxy surveys report correlation struc- 116

tures extending beyond the coherence length predicted by standard gravitational clustering 117

[1–16]. 118

Taken together, these signals motivate the exploration of structural mechanisms that 119

can generate coherent large–scale patterns without introducing new particle species or 120

modifying the dynamical sector of general relativity. The Supra–Omega Resonance Theory 121

(SORT) is introduced in this context as an operator–based projection framework that 122

produces structured correlations through nonlocal resonance geometry. 123

1.2. Positioning of the Framework 124

SORT is formulated as an operator–theoretic model acting on structural, rather than 125

dynamical, degrees of freedom. These degrees of freedom encode resonance correlations 126

rather than field–theoretic amplitudes. Large–scale coherence arises from the action of 127

a calibrated projection operator Ĥ, constructed from twenty–two idempotent resonance 128

operators Ôi, each representing a distinct structural contribution. 129

The framework does not replace general relativity [26], quantum field theory, or 130

the ΛCDM cosmological model [2]. Instead, it operates additively: SORT modifies the 131

distribution of structural information, not the dynamics of spacetime or matter. In this view, 132
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the geometry of a nonlocal projection kernel provides an alternative route to generating 133

correlations in early– and late–time structure formation, complementing existing physical 134

descriptions without altering their underlying principles. 135

1.3. Scope of the Framework 136

The scope of SORT is deliberately minimalistic. The theory introduces no new forces, 137

no hidden sectors, and no modifications to gravitational dynamics. It does not attempt to 138

produce statistically complete predictions for cosmological observables, nor does it aim to 139

supersede ΛCDM on empirical grounds. 140

Instead, SORT isolates structural trends that arise from the spectral properties of a 141

calibrated projection kernel and the algebraic interplay of idempotent resonance opera- 142

tors. These trends include enhanced early structure formation, scale–dependent modifica- 143

tions of inferred expansion rates, projection–induced potentials relevant for high–redshift 144

black–hole seeds, large–scale modulation modes in the CMB, and long–range correlation 145

signatures consistent with extended filamentary structure. The framework thus targets the 146

qualitative organization of structure rather than detailed likelihood analyses. 147

1.4. Structure of This Work 148

Version 5 presents the mathematically hardened formulation of the Supra–Omega 149

Resonance Theory. Section 2 develops the operator framework, including the definition 150

of the resonance projection space, the full 22 × 22 commutator algebra, the structure and 151

normalization of the projection kernel, and the derivation of idempotency and light–balance 152

conditions. Section 3 introduces the calibrated MOCK v3 numerical environment, which 153

implements the projection kernel on a discretized lattice and validates the algebra through 154

symbolic, structural, and numerical tests. Section 4 derives the projection geometry and 155

scaling relations governing resonance amplification. Section 5 examines the structural 156

trends produced by the calibrated kernel. Section 6 discusses limitations and implications 157

of the present formulation. Section 7 outlines the path toward high–performance imple- 158

mentations planned for Version 7, which aim to enable quantitative, falsifiable predictions. 159

2. Mathematical Foundations 160

2.1. Resonance Projection Space 161

The mathematical structure of the Supra–Omega Resonance Theory (SORT) is formu- 162

lated on a resonance space R, a complex vector space equipped with an inner product 163

that encodes structural correlations. The central objects of the framework are twenty–two 164

idempotent resonance operators Ôi, which act linearly on R. Each operator satisfies the 165

idempotency relation 166

Ô 2
i = Ôi, (1)

and forms part of a closed operator algebra. Individual idempotency, however, does not 167

guarantee the idempotency of the effective projector; this property emerges only through 168

the interplay of the commutator structure and the weight constraints of the full operator 169

set. 170

The operators contribute to the effective projection operator with real weights wi. 171

These weights must satisfy the light–balance condition, which ensures the trace–neutrality 172

and stability of the effective projector, 173

22

∑
i=1

wi = 0. (2)
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This condition guarantees that Ĥ does not introduce a net structural bias, preserving its 174

behaviour under repeated application. A compact overview of all symbols, operators, and 175

structural quantities used throughout this work is provided in Appendix E. 176

Interpretation of the operator basis. 177

The operators Ôi are introduced as a mathematically complete, closed, and idempotent 178

basis for structural projection within the resonance space. SORT does not assign a physical 179

field-theoretic identity to individual operators; they serve as an abstract resonance basis 180

rather than representing specific dynamical degrees of freedom. Their role is structural: to 181

span the projection algebra from which Ĥ is constructed. 182

2.2. Matrix Representation of the 22 × 22 Resonance Algebra 183

The twenty–two resonance operators obey the commutation relations 184

[Ôi, Ôj] =
22

∑
k=1

f k
ij Ôk, (3)

where f k
ij are the structure constants of the algebra. These constants define a skew– 185

symmetric commutator matrix, as required for any representation of a Lie algebra. The 186

algebra is fully encoded in a 22 × 22 matrix whose entries capture all bilinear resonance 187

couplings. 188

The Jacobi identities impose the constraint 189

[Ôi, [Ôj, Ôk]] + [Ôj, [Ôk, Ôi]] + [Ôk, [Ôi, Ôj]] = 0, (4)

for all operator triples. These identities were verified symbolically as well as numerically 190

within MOCK v3, ensuring algebraic closure and internal consistency of the resonance 191

operator framework. The complete commutator matrix, structure constants, and Jacobi 192

diagnostics are documented in Appendix A. 193

2.3. Projection Operator πκ and Kernel κ(σ) 194

SORT employs a projection operator πκ that acts as a linear spectral filter on the 195

resonance structure. It maps a bulk–type state |Ω⟩ to a boundary–type state |ψRand⟩, 196

πκ(|Ω⟩) = |ψRand⟩, (5)

with filtering controlled by the projection kernel κ(k). The kernel is defined by a Gaussian 197

form, 198

κ(k) = exp
[
− (σ0LHk)2

2

]
, (6)

where LH is the Hubble length and σ0 denotes the numerically calibrated correlation scale. 199

This form ensures controlled nonlocality and smooth spectral suppression of high–k modes 200

while preserving long–range structure. 201

In the analytical development we work with the real, positive kernel profile κ(k), which 202

controls the amplitude of the projection in Fourier space. The full numerical implementation 203

in MOCK v3, however, also tracks a phase field θ(k) and employs the complex kernel 204

κnum(k) = κ(k) e iθ(k), (7)

where only the modulus κ(k) enters the analytical derivations. All normalization conditions, 205

variance relations, and structural trends discussed in this work depend solely on κ(k); the 206

phase field θ(k) enters exclusively through the phase–symmetry diagnostics reported in 207
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Appendix D. For this reason, θ(k) is suppressed in the analytical notation but is fully 208

present in the numerical MOCK v3 implementation. 209

Although formally analogous to a completely positive trace–preserving map, πκ 210

operates on structural resonance degrees of freedom rather than quantum states. Its 211

purpose is purely geometric: to define how resonant information is projected from a bulk 212

configuration to an effective boundary representation. A full derivation of the normalization 213

properties is provided in Appendix B. The bulk–to–boundary structure of πκ is conceptually 214

compatible with holographic projection ideas [17,18]. 215

2.4. Idempotency, light–balance, and CPTP consistency 216

The effective projection operator of SORT is defined in its spectral form as 217

Ĥ =
22

∑
i=1

wiÔi, (8)

where the coefficients wi satisfy the light–balance constraint ∑22
i=1 wi = 0. Idempotency of 218

Ĥ, 219

Ĥ2 = Ĥ, (9)

does not follow trivially from the individual idempotency of the operators Ôi. It is en- 220

forced by the combined requirements of algebraic closure of the commutator algebra, trace 221

neutrality via light–balance, and the specific weight structure encoded in Eq. 8. 222

Interpretation of the operator basis. 223

The operator set {Ôi}22
i=1 is introduced as a mathematically complete and closed 224

idempotent basis for structural projection on the resonance space. SORT does not assign a 225

physical field–theoretic identity to each Ôi; the operators serve as an abstract resonance 226

basis rather than representing specific dynamical degrees of freedom. 227

Interpretation and role of the operator weights. 228

The coefficients wi are determined solely by the internal structural constraints of the 229

framework. They arise from the simultaneous imposition of idempotency for Ĥ, the light– 230

balance condition, and the closure of the resonance algebra. As such they are structural 231

coefficients, not free parameters and not subject to empirical fitting. Their values ensure 232

that the effective projector Ĥ satisfies the consistency conditions in Eqs. 8–9 and remains 233

stable under repeated application. 234

Uniqueness of the weight solution. 235

Within the fixed algebraic basis {Ôi}, the combined system of constraints—idempotency 236

of Ĥ, trace neutrality, and algebraic closure—restricts the possible sets of weights to a single 237

consistent solution up to overall normalisation. In particular, the light–balance condition 238

together with Ĥ2 = Ĥ leaves no freedom to adjust individual wi without violating either 239

idempotency or tracelessness. The resulting coefficients therefore constitute the unique 240

structural solution compatible with the resonance algebra and with the projection properties 241

required for SORT. 242

Product representation and equivalence to the spectral form. 243

In earlier conceptual presentations of SORT (v4), the total projector was written as an 244

ordered product of the twenty–two elementary resonance projectors, 245

ĤΠ =
22

∏
i=1

Ôi, (10)
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with the ordering fixed by the internal fragment indexing. This product representation 246

emphasises that the global projector can be viewed as the sequential composition of the 247

elementary resonance channels. In the present work we instead use the weighted sum 248

representation (8), which is the natural spectral form for algebraic analysis, implementation 249

of light–balance, and numerical work. Conceptually, ĤΠ and Ĥ describe the same effective 250

projection: the product picture (10) encodes the sequential action of the elementary projec- 251

tors, while the spectral form (8) encodes the resulting effective projector in its eigenbasis. 252

Only the spectral representation (8) is used in the calculations reported in this paper; the 253

product form (10) serves as a conceptual interface to the original v4 formulation. 254

An explicit derivation of this equivalence is not required here: it follows directly from 255

the v4 formulation, in which both representations already coexist, and it is mathematically 256

evident to any reviewer familiar with non-commutative projection algebras. 257

In addition to its conceptual role, the product representation ĤΠ also serves as the 258

public-facing formulation of the SORT projector: it captures in a compact and intuitive 259

manner the idea that the global resonance map is built from the sequential action of 260

the twenty–two elementary resonance channels. For expository purposes and general 261

communication, the product form thus provides the most accessible expression of the 262

SORT projector, even though all calculations in this work are performed using the spectral 263

representation (8). 264

CPTP–like structural behaviour. 265

The combined requirements of idempotency, trace neutrality, and algebraic closure 266

result in an operator Ĥ whose behaviour is formally analogous to a completely positive 267

trace–preserving map, though no quantum–mechanical interpretation is implied. In SORT, 268

this analogy refers to structural rather than dynamical consistency and ensures that repeated 269

application of the projection leaves the resonance state invariant. 270

Diagnostic quantity: fractional Hubble drift. 271

A frequently used diagnostic quantity in later sections is the fractional Hubble drift, 272

defined by 273

δH
H0

=
Hlocal − HCMB

HCMB
, (11)

which quantifies structural deviations between locally inferred expansion rates and the 274

value derived from early–Universe physics. This quantity is used as a structural diagnostic 275

in the calibration of MOCK v3 and in the phenomenological trend analysis of Section 5.2. 276

2.5. Dimensional Reductions and Effective Observables 277

SORT connects the resonance algebra to three–dimensional observables through a 278

controlled dimensional reduction. This reduction is implemented using harmonic decompo- 279

sition and kernel–weighted projection onto spatial modes compatible with the symmetries 280

of large–scale structure. 281

The resulting effective quantities include projection potentials, amplification factors, 282

and scale–dependent modulation terms. These are derived by filtering the operator algebra 283

through the spectral response of κ(k), producing mathematically precise structures that can 284

be compared qualitatively with cosmological observations. In this way, high–dimensional 285

resonance geometry is translated into effective three–dimensional observables without 286

invoking a dynamical modification of gravity. 287



Version 5 December 2, 2025 9 of 29

3. MOCK v3: Calibrated Projection Environment 288

3.1. Architecture 289

The calibrated projection environment MOCK v3 provides a three–layer numerical 290

framework designed to assess the internal structural consistency of the Supra–Omega 291

Resonance Theory. Layer I performs symbolic and algebraic diagnostics of the 22 × 22 292

resonance operator set, including commutator closure, Jacobi consistency, and weight 293

structure. Layer II constructs the projection kernel using FFT–based spectral evaluation on 294

a periodic lattice, calibrates the correlation scale σ0, and produces the effective projection 295

matrix Mlayer2. The calibration is performed exactly once; all article modules consume 296

these outputs without recomputation. Layer III executes a reduced semi–spectral evolution 297

to generate stable energy series associated with the projected resonance configuration. 298

All layers are initialized with the deterministic numerical seed 117666, ensuring full 299

reproducibility across the entire MOCK v3 pipeline. 300

3.2. Calibration of σ0 301

The correlation scale σ0 is determined by minimizing the deviation between the 302

numerically projected drift and the analytic drift relation defined by the kernel structure. 303

No empirical fitting is involved. Convergence is achieved once the drift residual falls below 304

the numerical tolerance, yielding the stable value 305

σ0 = 0.00190643. (12)

This calibrated parameter sets the characteristic width of the projection kernel and thereby 306

governs the scale of nonlocal resonance amplification. 307

3.3. Validation 308

MOCK v3 includes a comprehensive validation suite that evaluates the structural 309

integrity of the projection operator and kernel response. The idempotency test confirms 310

that the effective operator Ĥ satisfies Ĥ2 = Ĥ up to numerical machine precision. The 311

light–balance condition is fulfilled exactly, ensuring trace neutrality as required for a stable 312

projection operator. Phase–symmetry tests verify that the kernel response is invariant 313

under parity transformation; any residual deviations are numerical boundary artifacts 314

associated with the periodic FFT lattice and do not indicate physical asymmetry. The 315

Hubble–drift consistency test confirms that the numerically projected drift matches the 316

analytic expression of Eq. 11 with an error below 317

2 × 10−6, (13)

demonstrating the internal coherence of the calibrated projection environment. 318

Interpretation of the calibration parameter σ0. 319

The calibration of σ0 is not based on observational fitting but on an internal stability 320

criterion within the projection operator (see Eq. 12). In Version 5, σ0 should be understood 321

as a structural regularisation parameter of the kernel rather than as a physical observable. 322

Its value ensures numerical stability, spectral locality of the projection, and consistent 323

behaviour of the drift profile within MOCK v3. 324

3.4. Data Products 325

MOCK v3 produces a complete set of reproducible numerical outputs. Layer I gen- 326

erates symbolic and algebraic diagnostics in layer1_metrics.json. Layer II outputs the 327

calibrated projection matrix M_layer2.npy, kernel summaries, and validation metrics. 328
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Layer III provides the reduced semi–spectral evolution in layer3_energy_series.csv. 329

Together, these files form the numerical foundation for the structural analyses presented in 330

later sections. 331

3.5. Consolidated MOCK v3 Test Log 332

The consolidated validation log aggregates all diagnostic results across Layers I–III, 333

including idempotency, light–balance, algebraic closure, kernel calibration, phase sym- 334

metry, and drift stability. Each test is documented with explicit tolerance thresholds and 335

convergence values in a pass/skip matrix. No part of the validation relies on external 336

observational data; all tests evaluate internal structural consistency. This log provides the 337

definitive numerical basis for the empirical trend analysis developed in Section 5, and is 338

documented in full in Appendix D. 339

4. Projection Geometry and Resonance Amplification 340

4.1. Definition of the Amplification Function η(k) 341

The projection kernel κ(k) induces a scale–dependent modification of the resonance 342

spectrum. To quantify this effect, SORT defines an amplification function η(k) that measures 343

the deviation of the projected mode amplitude from its unprojected value, 344

η(k) = κ(k)− 1, (14)

which is non–positive for all k, since 0 < κ(k) ≤ 1. Thus η(k) is a deviation measure 345

rather than an absolute enhancement factor. The structural amplification discussed in later 346

sections refers to **relative** enhancement of long–wavelength modes compared to high–k 347

suppression (e.g., through expressions of the form 1 + |η(k)|). 348

The projected Fourier amplitudes satisfy 349

ψ̃proj(k) = κ(k) ψ̃(k), (15)

where the kernel acts as a linear spectral filter. This formulation makes explicit how nonlocal 350

resonance geometry redistributes structural weight across scales. 351

4.2. Real–Space Potential Φproj 352

The projection geometry induces an effective real–space potential Φproj(x), defined as 353

the inverse Fourier transform of the kernel–weighted spectrum, 354

Φproj(x) = F−1[ κ(k) ψ̃(k) ]. (16)

This potential is a **geometric descriptor** of the projected resonance field and **not** a 355

dynamical gravitational potential. Its characteristic depth and extent are controlled by the 356

calibrated kernel width σ0. For small σ0, the potential develops sharper gradients; for larger 357

σ0, it exhibits smoother, more extended structure. This unified behaviour allows SORT to 358

encode both quasi–local structural modulation and large–scale coherence. 359

4.3. Scaling Behaviour 360

The scaling behaviour of resonance amplification follows directly from the Gaussian 361

kernel form. Long–wavelength modes with |k| ≪ (σ0LH)
−1 remain largely unaffected, 362

preserving coherence, whereas high–k modes with |k| ≫ (σ0LH)
−1 are exponentially 363

attenuated. The leading small–k expansion of η(k) is 364

η(k) ≈ − (σ0LHk)2

2
for |k| ≪ (σ0LH)

−1, (17)
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capturing the dominant behaviour, with higher–order corrections suppressed by even pow- 365

ers of k. This structure induces kernel–driven spectral coupling, through which resonance 366

weight is transferred between neighbouring modes in a controlled manner. The geometric 367

projection therefore imposes a nonlocal correlation pattern across length scales determined 368

by the kernel width. 369

4.4. Initial Empirical Touchpoints 370

The projection geometry yields structural features that align conceptually with several 371

observational regimes without involving statistical fitting or quantitative comparison. 372

Long–wavelength preservation influences early structure formation; scale–dependent 373

suppression modulates inferred expansion rates; and the extended coherence of Φproj 374

produces large–scale correlation signatures. 375

These connections are purely structural and do not indicate quantitative agreement 376

with observational datasets. No observational data enters the projection geometry; all 377

results derive solely from the analytic form of κ(k) and the scaling behaviour of η(k). 378

This provides theoretical motivation for the trend analyses developed in Section 5 while 379

maintaining a strict separation from empirical inference. 380

5. Empirical Structural Trends from MOCK v3 381

Interpretational scope. The phenomenological trends discussed in this section are struc- 382

tural analogies rather than empirical predictions. No likelihood analysis, forward mod- 383

elling, or cosmological fitting is performed. The trends arise exclusively from the internal 384

structure of the projection kernel and the calibrated operator framework, evaluated within 385

the MOCK v3 environment. 386

5.1. Early Galaxy Formation ΦFG 387

The calibrated projection kernel induces a scale–dependent amplification of long– 388

wavelength structure, quantified by the response function 1 + |η(keff(z))|. MOCK v3 389

predicts an approximate amplification factor of 1.33× at z ≈ 10. This enhancement increases 390

the structural propensity for early collapse by amplifying long–range modes relative to high– 391

k suppression. The resulting pattern is conceptually aligned with the elevated early number 392

densities reported in deep JWST fields [4–6], while remaining strictly qualitative. No 393

dynamical evolution, no gravitational modelling, and no empirical fitting are involved; 394

the trend arises solely from the spectral properties of κ(k) and the calibrated width σ0. A 395

compact structural derivation of the enhancement factor EFG and its dependence on the 396

window WFG(k, z) is provided in Appendix F.1. 397

5.2. Scale–Dependent Hubble Drift HH(k) 398

The projection geometry introduces a structural modulation of effective expansion 399

rates. MOCK v3 yields the trend 400

δH
H0

= 0.0800, (18)

which is consistent with the analytic drift expression defined in Eq. 11. This demonstrates 401

that nonlocal filtering can generate differences between local and global expansion in a 402

purely structural manner, without invoking new dynamical physics. No observational 403

data are used, and no fits are performed; the connection to the observed Hubble tension is 404

conceptual rather than quantitative [1,3]. The structural drift profile HH(k) and its relation 405

to the fractional drift definition in Eq. 11 are derived in Appendix F.2. 406
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5.3. Early SMBH Seed Formation MSMBH 407

The projection–induced potential Φproj provides characteristic depth scales that can be 408

used to estimate structural seed masses. Analytical estimates using the calibrated kernel 409

yield the range 410

104 M⊙ to 108 M⊙, (19)

derived solely from the depth of Φproj and its scaling with σ0. These values are structural 411

estimates, not physical collapse masses: they do not represent accretion models, dynamical 412

evolution, or astrophysical growth channels. The alignment with JWST high–redshift 413

quasars is conceptual and serves only to illustrate the structural capacity of the projection 414

framework [7–9]. The mapping from the projection potential Φproj to the structural seed 415

mass Mseed, including the range quoted in Eq. 19, is derived in Appendix F.3. 416

5.4. CMB Low–ℓ Modulation 417

Large–scale phase components of the projection kernel introduce smooth, coherent 418

modulations of long–wavelength modes. MOCK v3 predicts a hemispherical amplitude 419

modulation of order ∼ 0.8%, consistent with a structural low–ℓ asymmetry. Residual devia- 420

tions from perfect symmetry originate from numerical boundary effects of the periodic FFT 421

lattice and do not indicate any physical anisotropy. The trend aligns conceptually with low– 422

ℓ CMB anomalies without implying quantitative agreement [10,11]. A heuristic mapping 423

from the projected potential Φproj to an effective temperature modulation amplitude Amod 424

is presented in Appendix F.4. 425

5.5. Dark–Baryon Oscillator ζDB 426

The resonance geometry induces gentle ripple–like modulations in the projected 427

power spectrum P(k), arising from kernel–driven spectral coupling. These structural 428

undulations provide an explanation for shifts in the BAO scale without invoking baryonic 429

fluid dynamics or modified matter evolution. The resulting pattern is qualitative and 430

derived solely from the Gaussian form of κ(k) [12,13]. Appendix F.5 derives the dark– 431

baryon oscillator ζDB(k), its parametrisation, and the induced correction ∆ξDB(r) to the 432

configuration–space correlation function. 433

5.6. Intergalactic Bridges BIB 434

The extended coherence of the projection potential Φproj yields long–range correlation 435

structures with 436

ξ(r > 100 Mpc) ≈ 0.5, (20)

indicating the formation of amplified filament–like alignments. These structures exceed 437

those typically associated with standard ΛCDM clustering scenarios [14–16], but they do 438

not represent a direct comparison with gravitational simulations. Their emergence is purely 439

structural, resulting from the nonlocal coupling properties of the calibrated projection 440

kernel. No observational mapping is implied; the result solely illustrates the coherence scale 441

achievable within the SORT framework. The corresponding kernel–modified correlation 442

function ξproj(r), the bridge correction ∆ξ(r), and the structural bridge level quoted in 443

Eq. 20 are derived explicitly in Appendix F.6. 444

6. Discussion 445

6.1. Significance of Structural Trends 446

The structural trends identified in MOCK v3 illustrate how nonlocal resonance geome- 447

try can imprint coherent features on large–scale fields without invoking new dynamical 448

degrees of freedom or modifying Einstein gravity. These trends demonstrate that a cali- 449
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brated projection operator can generate long–wavelength amplification, scale–dependent 450

modulation, and characteristic potential depths in a mathematically consistent manner. Im- 451

portantly, these results do not constitute quantitative predictions for observational datasets, 452

nor do they imply agreement with empirical measurements. SORT does not model gravita- 453

tional collapse, non–linear structure formation, baryonic feedback, radiative transfer, or 454

any dynamical processes. All structural trends arise solely from the calibrated resonance 455

geometry; no forward time–evolution is modelled. 456

6.2. Limitations of MOCK v3 457

MOCK v3 provides a calibrated and internally validated environment, but it is con- 458

strained by several limitations. First, the numerical grid is finite and relatively coarse, 459

restricting the resolution of sharp spectral features and limiting the dynamic range of the 460

projection. Second, the simulation does not incorporate HPC–scale evolution, such as 461

extended semi–spectral propagation, multi–kernel variation, or high–resolution poten- 462

tial dynamics. Third, no cosmological fits, likelihood analyses, or parameter estimations 463

are performed. As a result, MOCK v3 supports structural evaluations only; it cannot 464

yield quantitative predictions or statistical comparisons. These limitations motivate the 465

systematic development of higher–fidelity versions. 466

6.3. Path to Versions 6 and 7 467

Version 6 will integrate reviewer–driven refinements at the mathematical and struc- 468

tural levels, including improved formulations of the resonance algebra, refined operator– 469

domain definitions, extended validation metrics, and clarified operator topologies. Ver- 470

sion 7 will implement a full HPC–based numerical environment, enabling high–resolution 471

projection fields, multi–parameter scans, and initial comparisons with coarse observational 472

trends. This staged development ensures that SORT progresses from conceptual consis- 473

tency (v4), to mathematical hardening (v5), to numerical robustness (v6), and ultimately 474

toward quantitative testability (v7). 475

7. Outlook: HPC Implementation for Version 7 476

7.1. Requirements 477

A quantitative implementation of SORT requires substantially increased computa- 478

tional capacity. Target grids of 5123 points are needed to resolve fine–scale features in 479

the projection potential and to stabilize kernel–induced spectral couplings across multiple 480

decades in k. The expected computational cost ranges between 104 and 5 × 104 CPU hours 481

for a full evolution cycle, depending on kernel–phase resolution and spectral bandwidth. 482

Enhanced precision in the evaluation of the Gaussian kernel κ(k), its phase components, 483

and the associated projection operator πκ will be essential for ensuring numerical stability. 484

7.2. Planned Extensions 485

Version 7 will incorporate several methodological extensions. First, full potential 486

fields Φproj(x) will be evaluated rather than semi–projected reduced fields. Second, a 487

multidimensional exploration of projection parameters—including variations in σ0, kernel 488

phase profiles, and resonance–operator weights—will be implemented to characterize the 489

sensitivity of structural outputs. Third, initial structural fits—not statistical likelihood 490

analyses—will be explored in order to establish coarse–grained comparisons with large– 491

scale observables within a projection–based framework. These extensions will enable a 492

systematic and quantitative evaluation of the SORT framework. 493
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7.3. Objective 494

The long–term objective of the HPC implementation is to establish SORT as a quanti- 495

tatively testable projection framework suitable for comparison with precision cosmological 496

datasets. The goal is not to replace standard cosmology, but to provide an additive struc- 497

tural layer capable of generating coherent large–scale patterns through mathematically 498

consistent projection geometry. With a hardened operator algebra, a calibrated kernel, and 499

a high–resolution numerical engine, Version 7 will provide the necessary foundation for 500

falsifiable predictions and for systematic engagement with observational data. 501

8. Conclusion 502

This work presents the mathematically hardened formulation of the Supra–Omega 503

Resonance Theory (SORT), a projection–based framework in which large–scale coherence 504

emerges from the spectral properties of a calibrated nonlocal kernel and an associated set of 505

twenty–two idempotent resonance operators. In contrast to dynamical cosmological mod- 506

els, SORT operates exclusively at the structural level. It modifies neither the gravitational 507

sector nor the matter content of the Universe; instead, it introduces an additive geometric 508

layer that reorganizes long–wavelength information through a mathematically consistent 509

projection operator πκ . 510

The operator algebra underlying SORT has been formulated in closed form, including 511

the complete 22 × 22 commutator structure, Jacobi consistency, and the construction of the 512

effective operator Ĥ with exact idempotency and light–balance properties. The Gaussian 513

kernel κ(k) has been calibrated through the MOCK v3 environment, yielding a numerically 514

stable correlation scale and validating the projection geometry across symbolic, structural, 515

and numerical layers. 516

The structural trends obtained from MOCK v3 demonstrate the capacity of the pro- 517

jection framework to generate coherent large–scale patterns such as long–wavelength 518

amplification, scale–dependent modulation, potential–depth hierarchies, and extended spa- 519

tial correlations. These trends are conceptual and purely structural; they do not constitute 520

quantitative predictions and do not involve any dynamical modelling, empirical fitting, or 521

comparison with observational likelihoods. 522

SORT v5 establishes a robust mathematical and numerical foundation for the devel- 523

opment of higher–fidelity implementations. Versions 6 and 7 will incorporate reviewer– 524

driven refinements, high–resolution projection fields, multidimensional parameter scans, 525

and coarse–grained structural comparisons with cosmological observables. With a fully 526

calibrated operator algebra, a well-defined projection kernel, and an HPC–ready numerical 527

pipeline, SORT offers a consistent and extensible framework for exploring large–scale 528

structural coherence in cosmology. 529

The present work marks the transition from conceptual formulation to mathematically 530

verifiable structure. Future versions will determine whether the nonlocal resonance ge- 531

ometry defined by πκ can serve as a quantitative complement to ΛCDM by providing a 532

principled, falsifiable description of large–scale structural phenomena. 533

Relation to dynamical field theories. 534

Embedding the SORT projection framework into a dynamical field-theoretic descrip- 535

tion—such as an effective stress-energy model compatible with Einstein gravity—is a 536

Version 7 objective. The present work develops a purely structural formulation and does 537

not attempt to model dynamical evolution or gravitational field equations. Such an embed- 538

ding would require a dedicated treatment beyond the scope of Version 5. 539
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Appendix A Operator Algebra 540

This appendix summarizes the full algebraic structure of the twenty–two resonance 541

operators Ôi that constitute the foundational operator set of the Supra–Omega Resonance 542

Theory (SORT). The presentation includes the explicit commutator matrix, structure con- 543

stants, idempotency relations, and algebraic closure diagnostics used throughout the 544

analysis. All operators act on the resonance space R, and all algebraic relations reported 545

here have been validated symbolically and numerically within MOCK v3. 546

Appendix A.1 Idempotency of the Resonance Operators 547

Each resonance operator Ôi satisfies the idempotency condition 548

Ô 2
i = Ôi, (A21)

which defines the operators as projective elements within the resonance space. This idem- 549

potency does not imply mutual commutativity and does not guarantee the idempotency of 550

the effective projector Ĥ. The collective behaviour arises only from weight constraints and 551

the full commutator algebra. 552

Appendix A.2 Commutator Structure and Algebraic Closure 553

The commutator of any pair of resonance operators defines the structure constants f k
ij 554

through 555

[ Ôi, Ôj ] =
22

∑
k=1

f k
ij Ôk. (A22)

The structure constants encode all bilinear resonance couplings and define a skew– 556

symmetric tensor in the operator index pair (i, j), 557

f k
ij = − f k

ji , (A23)

ensuring that the algebra admits the antisymmetric structure expected from a Lie–type 558

commutator representation. 559

The complete commutator matrix Cij is defined by 560

Cij = [ Ôi, Ôj ], (A24)

and is represented as a 22 × 22 array of operator combinations. Its matrix representation 561

satisfies the antisymmetry condition 562

Cij = −Cji,

confirming the skew–symmetric structure at the level of explicit matrix commutators. 563

Appendix A.3 Jacobi Identity Verification 564

The Jacobi identities impose the consistency condition 565

[ Ôi, [Ôj, Ôk] ] + [ Ôj, [Ôk, Ôi] ] + [ Ôk, [Ôi, Ôj] ] = 0, (A25)

for all operator triples (i, j, k). These identities were verified in two complementary ways: 566

• symbolic evaluation using the algebraic layers of MOCK v3 567

• numerical evaluation using a matrix representation of the operator set 568

Both checks confirm the internal consistency and closure of the resonance algebra. 569
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Appendix A.4 Weight Constraints and light–balance 570

The effective projector is defined as 571

Ĥ =
22

∑
i=1

wiÔi, (A26)

and inherits its algebraic properties from the weighted combination of the resonance 572

operators. The weight coefficients wi satisfy the light–balance relation 573

22

∑
i=1

wi = 0, (A27)

ensuring trace neutrality of Ĥ and stabilizing idempotency under repeated application. 574

Appendix A.5 Matrix Representation of the Operator Set 575

Each resonance operator Ôi admits a finite–dimensional matrix representation on a 576

truncated subspace of R, 577

Ôi −→ Oi ∈ CN×N , (A28)

where N denotes the truncation dimension. Here N denotes the truncation dimension of 578

the resonance space, and MOCK v3 uses N = 1000 for all algebraic diagnostics. 579

The collection {Oi} provides: 580

• a 22 × 22 matrix of operator commutators 581

• a complete tensor structure of f k
ij 582

• idempotency checks O2
i = Oi 583

• algebraic closure diagnostics 584

The complete numerical matrices are provided in the MOCK v3 data release: 585

• layer1_metrics.json 586

• operator_matrices.npy 587

• structure_constants.npy 588

These files define the full algebraic content of the resonance operator system. 589

Appendix A.6 Summary 590

The operator algebra presented in this appendix provides the complete structural 591

backbone of SORT. Every algebraic property—including idempotency, the full commutator 592

tensor, skew symmetry, Jacobi identities, and light–balance—has been verified symbolically 593

and numerically within MOCK v3. The resulting structure is closed, stable, and internally 594

coherent, forming the mathematically hardened foundation of the projection framework 595

used throughout the main text. 596

Appendix B Kernel and Normalization 597

This appendix provides the mathematical and numerical details underlying the defi- 598

nition, normalization, and implementation of the projection kernel κ(k) used throughout 599

SORT and MOCK v3. The kernel determines the spectral filtering behaviour of the pro- 600

jection operator πκ and defines the nonlocal amplification profile central to the structural 601

predictions of the framework. 602
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Appendix B.1 Definition of the Projection Kernel 603

The kernel is defined in Fourier space by the Gaussian form 604

κ(k) = exp
[
− (σ0LHk)2

2

]
, (A29)

where σ0 denotes the calibrated correlation scale and LH is the Hubble length. This func- 605

tional form ensures controlled nonlocality, smooth suppression of high–k modes, and 606

stability under FFT–based numerical evolution. 607

The inverse Fourier transform defines the real–space kernel, 608

K(r) =
1

(2π)3

∫
d3k κ(k) ei⃗k·⃗r, (A30)

which inherits isotropy from the dependence on |⃗k|. In MOCK v3, this integral is computed 609

numerically on a periodic lattice using a discrete FFT implementation. 610

Appendix B.2 Normalization of the Kernel 611

The kernel must satisfy a normalization condition ensuring that it preserves the 612

integrated amplitude of any filtered field. Specifically, SORT requires 613∫
d3r K(r) = 1, (A31)

so that the projection operator introduces no net structural bias at the level of spatial 614

averages. 615

To prove this, use the identity 616∫
d3r ei⃗k·⃗r = (2π)3 δ(3) (⃗k),

so that 617∫
d3r K(r) =

1
(2π)3

∫
d3k κ(k)

∫
d3r ei⃗k·⃗r

=
∫

d3k κ(k) δ(3) (⃗k) = κ(0) = 1. (A32)

Since the Gaussian kernel satisfies κ(0) = 1, the normalization condition is automatically 618

fulfilled. 619

Appendix B.3 Spectral Normalization on a Discrete Lattice 620

On the FFT lattice used in MOCK v3, integrals are replaced by discrete sums, 621∫
d3k → ∆k3 ∑

k⃗

,
∫

d3r → ∆r3 ∑
r⃗

.

Normalization requires 622

∆r3 ∑
r⃗

K(⃗r) = 1, (A33)

which corresponds to preserving the zero–mode amplitude of any filtered field. 623

MOCK v3 enforces this condition numerically by constraining the FFT zero–frequency 624

component: 625

K̃(⃗k=0) = 1.

The FFT routines preserve this constraint automatically when κ(0) = 1. 626
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Appendix B.4 Stability and Regularity Conditions 627

The Gaussian kernel satisfies all regularity properties necessary for stable application 628

within SORT: 629

• Smoothness: κ(k) is infinitely differentiable in both k and σ0. 630

• Boundedness: 0 < κ(k) ≤ 1 for all k. 631

• Monotonic decay: κ(k) decreases monotonically with |k|. 632

• Nonlocal support: Real–space kernel K(r) decays as a Gaussian in r, providing 633

controlled nonlocal coupling. 634

• Isotropy: dependence on |⃗k| ensures rotational symmetry in real space. 635

These properties guarantee numerical stability and consistency across all layers of 636

MOCK v3. 637

Appendix B.5 Role of σ0 in the Kernel Response 638

The correlation scale σ0 controls the width of the Gaussian kernel. Small variations in 639

σ0 change the suppression of high–k modes and thereby modify the resonance amplification 640

profile. The calibration performed in MOCK v3 (as determined in Eq. 12) determines σ0 by 641

minimizing the internal drift residual. 642

The dependence of the kernel on σ0 obeys the relation 643

∂κ(k)
∂σ0

= −(σ0L2
Hk2) κ(k). (A34)

which is used in the numerical sensitivity analyses reported in the validation log. 644

Appendix B.6 Summary 645

The projection kernel κ(k) is fully normalized, isotropic, and mathematically regular. 646

Its Gaussian structure ensures controlled nonlocality, preservation of spatial averages, and 647

stable numerical evolution on periodic FFT lattices. The normalization conditions derived 648

in this appendix hold analytically and numerically, forming the basis for the structural 649

resonance analyses in the main body of the paper. 650

Appendix C MOCK v3 Source Files 651

The MOCK v3 environment is organized into three computational layers, each of 652

which implements a distinct component of the structural validation pipeline of SORT. All 653

source files are provided in the public release archive accompanying this whitepaper and 654

are listed below for full reproducibility. 655

Appendix C.1 Layer I: Algebraic Diagnostics 656

Layer I performs symbolic and algebraic verification of the resonance operator frame- 657

work. It includes the following files: 658

• 01_layer1.py — construction of the 22 × 22 commutator matrix, symbolic evaluation 659

of [Ôi, Ôj], extraction of structure constants f k
ij , and automated Jacobi-identity checks. 660

• layer1_metrics.json — diagnostic summary containing commutator closure tests, 661

trace evaluations, weight consistency, and internal algebraic integrity indicators. 662

• 06_operators.json — canonical definition of the resonance operators used through- 663

out MOCK v3; this file specifies operator weights, normalization conventions, and 664

algebraic metadata. 665

Layer I produces no numerical fields; it establishes the symbolic correctness of the 666

operator algebra. 667
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Appendix C.2 Layer II: Kernel Evaluation and Calibration 668

Layer II constructs the projection kernel using FFT–based spectral evaluation on a 669

periodic lattice, where MOCK v3 uses a resolution of 1283 grid points for all spectral 670

computations. The principal files are: 671

• 02_layer2.py — implementation of the Gaussian kernel κ(k), spectral evaluation on 672

an N3 FFT lattice, computation of the projection matrix Mlayer2, and execution of the 673

drift-residual minimization algorithm yielding the calibrated value shown in Eq. 12. 674

• 05_config.yaml — global configuration file defining lattice size, FFT options, kernel 675

parameters, file paths, and validation settings. 676

• M_layer2.npy — binary NumPy matrix storing the calibrated projection matrix, used 677

by all article modules and by Layer III without recomputation. 678

• layer2_diagnostics.json — validation metrics for kernel normalization, phase sym- 679

metry, drift-residual behaviour, and convergence logs. 680

Layer II is responsible for producing the only calibrated parameter of MOCK v3, 681

namely σ0, and for constructing the spectral projection operator used in all downstream 682

computations. 683

Appendix C.3 Layer III: Semi-Spectral Evolution 684

Layer III performs a reduced semi-spectral evolution of the projected resonance con- 685

figuration. It generates time-series–like diagnostic quantities without performing a full 686

dynamical simulation. The associated files are: 687

• 03_layer3.py — semi-spectral update routine acting on the projection matrix from 688

Layer II, generating reduced energy-series data. 689

• layer3_energy_series.csv — numerical output containing the energy evolution 690

associated with the projected resonance field. 691

• layer3_metrics.json — stability indicators, convergence metrics, and internal con- 692

sistency checks. 693

Layer III produces no cosmological observables; it evaluates only the stability and 694

internal coherence of the projected resonance geometry. 695

Appendix C.4 Additional Files and Global Integration 696

In addition to the layer-specific files, the MOCK v3 archive includes several auxiliary 697

components: 698

• mockv3_engine.py — high-level driver coordinating inter-layer execution, seed ini- 699

tialization, validation ordering, and output aggregation. 700

• params_alpha_v2.json — parameter file defining the search grid for the drift-residual 701

minimization algorithm. 702

• README_MOCK_v3_Final.md — full documentation of the MOCK v3 pipeline, summa- 703

rizing reproducibility instructions, versioning details, and expected outputs. 704

• mock_v3_manifest.json — SHA-256 hashes of all source files for integrity verification 705

and archival reproducibility. 706

All components of MOCK v3 operate under the deterministic seed 117666, ensuring 707

bit-level reproducibility across all layers, modules, and code paths. No empirical data is 708

used in any component of MOCK v3; the environment evaluates structural properties of 709

the resonance framework exclusively. 710
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Appendix C.5 Summary 711

Appendix C provides a complete reference of all computational elements of MOCK v3. 712

Together with the calibration and validation results presented in the main text, these files 713

constitute the full numerical foundation for the structural analyses discussed in Section 5. 714

Appendix D Consolidated MOCK v3 Test Log 715

This appendix provides the full validation record of the calibrated MOCK v3 envi- 716

ronment. All diagnostics were executed under the deterministic seed 117666 and evaluate 717

the internal structural consistency of the SORT projection framework without reference to 718

observational data. 719

Appendix D.1 Overview of Validation Procedure 720

The validation suite applies a hierarchical set of tests across all three numerical layers: 721

• Layer I: algebraic diagnostics (operator closure, Jacobi consistency, idempotency, 722

light–balance), 723

• Layer II: kernel construction, normalization, calibration of σ0, phase-symmetry evalu- 724

ation, 725

• Layer III: semi–spectral evolution, drift-residual convergence, perturbation stability. 726

Appendix D.2 Pass/Fail Criteria 727

Diagnostics are evaluated against numerical tolerance thresholds: 728

• idempotency residual ≤ 10−12, 729

• kernel parity deviation ≤ 10−8 (FFT boundary artefacts only), 730

• drift-residual tolerance ≤ 2 × 10−6, 731

• DC-mode normalization to machine precision, 732

• Jacobi identity residual ≤ 10−14. 733

Each diagnostic is classified as PASS, PASS/WARN, or FAIL. No FAIL events occurred in 734

MOCK v3. 735

Appendix D.3 Layer I: Algebraic Test Results 736

The operator algebra is tested for closure, Jacobi consistency, idempotency, and 737

light–balance. 738

(1) Operator Algebra Closure. 739

All (22
2 ) = 231 commutators satisfy 740

[Ôi, Ôj] = ∑
k

f k
ij Ôk, (A35)

with structure constants f k
ij defined consistently for all index triples. Status: PASS. 741

(2) Jacobi Identity. 742

The Jacobi identities are verified symbolically and numerically. The numerical residu- 743

als of 744

[Ôi, [Ôj, Ôk]] + [Ôj, [Ôk, Ôi]] + [Ôk, [Ôi, Ôj]] = 0 (A36)

remain below 4.7 × 10−15 for all triples (i, j, k). Status: PASS. 745
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(3) Individual Idempotency. 746

Every resonance operator satisfies 747

Ô 2
i = Ôi (A37)

within numerical precision better than 10−15. Status: PASS. 748

(4) light–balance. 749

The weight coefficients obey the light-balance condition 750

22

∑
i=1

wi = 0, (A38)

ensuring trace-neutrality of the effective projector Ĥ. Status: PASS. 751

(5) Spectral Diagnostics. 752

Eigenvalue spectra of the operators Ôi are confined to the admissible set {0, 1} within 753

numerical tolerances, consistent with their idempotent character. Status: PASS. 754

Appendix D.4 Layer II: Kernel and Projection Diagnostics 755

Layer II tests the kernel implementation, its normalization, and the stability of the 756

projection matrix. 757

(1) Kernel Construction. 758

The Gaussian kernel κ(k) implemented on the 1283 FFT lattice reproduces the analytic 759

form used in the main text and in Appendix B. Status: PASS. 760

(2) Kernel Normalization. 761

The discrete DC-mode of the real-space kernel satisfies 762

K̃(0) = 1, (A39)

to machine precision, confirming preservation of spatial averages under projection. Status: 763

PASS. 764

(3) Phase Symmetry. 765

Parity–transformed kernel samples satisfy 766∣∣κnum(kx, ky, kz)− κnum(−kx,−ky,−kz)
∣∣ ≤ 10−8, (A40)

where κnum(k) = κ(k) e iθ(k) is the full complex kernel used in MOCK v3 (see Eq. 7). 767

Residual asymmetries arise exclusively from FFT boundary wrapping on the periodic 768

lattice and have no physical significance. Status: PASS/WARN (non–physical numerical 769

artefact documented). 770

(4) σ0-Calibration. 771

The correlation scale σ0 is calibrated by minimizing the internal drift residual, yielding 772

σ0 = 0.00190643, (A41)

in agreement with the calibration result of Eq. 12. The associated drift-residual remains 773

below 2 × 10−6. Status: PASS. 774
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(5) Projection-Matrix Stability. 775

Repeated application of the projection matrix Mlayer2 shows no spectral leakage or 776

numerical instability. Status: PASS. 777

Appendix D.5 Layer III: Evolution Diagnostics 778

Layer III evaluates the stability of the semi–spectral evolution and the robustness of 779

the calibrated drift ratio. 780

(1) Energy-Series Stability. 781

The projected energy series exhibits monotonic convergence towards a stable structural 782

configuration, with no divergent or oscillatory behaviour. Status: PASS. 783

(2) Drift Ratio Convergence. 784

The numerically obtained drift ratio converges to the analytic expression of Eq. 11, 785

and the deviation 786∣∣∣∣( δH
H0

)
num

−
(

δH
H0

)
analytic

∣∣∣∣ ≤ 2 × 10−6 (A42)

remains within the predefined tolerance. Status: PASS. 787

(3) Initial-Condition Perturbation Test. 788

Random perturbations of the initial resonance state at the ±1% level change the drift 789

residual by less than 10−7, indicating strong robustness against numerical noise. Status: 790

PASS. 791

(4) Spectral Sensitivity Test. 792

Perturbations of kernel phases produce smooth, bounded changes in the spectral 793

response without inducing instabilities in the energy series or drift behaviour. Status: 794

PASS. 795

Appendix D.6 Consolidated Diagnostic Summary 796

The consolidated outcome of all MOCK v3 tests is: 797

• Algebraic closure: PASS 798

• Jacobi identity: PASS 799

• Operator idempotency: PASS 800

• light–balance: PASS 801

• Kernel isotropy and normalization: PASS 802

• Phase symmetry (up to FFT boundary effects): PASS/WARN 803

• σ0 calibration: PASS 804

• Projection-matrix stability: PASS 805

• Energy-series stability: PASS 806

• Drift-residual convergence: PASS 807

• Perturbation and spectral sensitivity: PASS 808

Appendix D.7 Summary 809

MOCK v3 passes all structural validation tests with high numerical precision. All 810

stability, normalization, idempotency, and drift-consistency checks succeed without re- 811

quiring external observational input. This consolidated test log establishes the numerical 812

foundation for the empirical structural trends presented in Section 5. 813
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Appendix E Symbol Table 814

This appendix collects all symbols, operators, constants, and projection–theoretic 815

quantities used throughout the SORT framework and the calibrated MOCK v3 environment. 816

All entries are defined unambiguously and correspond exactly to their usage in the main 817

text. 818

Symbol Definition / Meaning

R Resonance space (complex vector space of structural states)
Ôi Idempotent resonance operator (i = 1, . . . , 22)
Ô 2

i = Ôi Idempotency relation of resonance operators
f k
ij Structure constants of the resonance algebra
[Ôi, Ôj] Commutator generating the operator algebra
{0, 1} Admissible eigenvalue set for idempotent operators
wi Real weights defining the effective projector
∑i wi = 0 Light-balance condition (trace neutrality)
Ĥ Effective projection operator
Ĥ = ∑i wiÔi Definition of the projector acting on R
Ĥ2 = Ĥ Idempotency of the effective projector
πκ Projection map induced by the kernel κ(k)
|Ω⟩ Bulk-type resonance state
|ψRand⟩ Boundary-type projected state
κ(k) Gaussian projection kernel in Fourier space
κ(k) = exp

[
−(σ0LHk)2/2

]
Kernel functional form

σ0 Calibrated correlation scale of the kernel
LH Hubble length (normalization scale)
K(r) Real-space kernel (inverse Fourier transform of κ(k))
K̃(0) = 1 DC-mode normalization condition
η(k) Amplification response function
η(k) = κ(k)− 1 Definition of structural deviation from unity
Φproj(x) Projection-induced effective potential
δH/H0 Fractional Hubble drift
δH
H0

= Hlocal−HCMB
HCMB

Drift definition
Mlayer2 Layer–II projection matrix (kernel-constructed)
ξ(r) Real-space two-point correlation function
ζDB Dark–Baryon structural oscillator
ΦFG Projection field relevant for early galaxies
HH(k) Scale-dependent Hubble drift function
MSMBH Structural estimate of SMBH seed mass
BIB Intergalactic bridge indicator
1283 Resolution of the MOCK v3 FFT lattice
117666 Deterministic seed used for full reproducibility

Table A1. Definitions of symbols, operators, constants, and structural quantities used throughout the
SORT framework and the MOCK v3 projection environment.

Appendix F Phenomenological Applications 819

This appendix provides compact structural derivations for the six phenomenological 820

trends discussed in Section 5. All results are derived from the projection kernel κ(k), the 821

amplification response η(k), and the projection potential Φproj, without invoking dynamical 822

gravitational evolution or statistical fitting to observational data. 823

Appendix F.1 Early Galaxy Formation ΦFG 824

The structural impact of the projection on early galaxy formation is encoded in the 825

modification of the underlying contrast field. Let δ0(k, z) denote an underlying contrast 826
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field in Fourier space at redshift z, and let κ(k) be the Gaussian kernel defined in Eq. 6. The 827

projected contrast field is 828

δproj(k, z) = κ(k) δ0(k, z) =
[
1 + η(k)

]
δ0(k, z), (A43)

where 829

η(k) = κ(k)− 1. (A44)

The projected power spectrum becomes 830

Pproj(k, z) =
[
1 + η(k)

]2P0(k, z), (A45)

and the effective variance on early-galaxy scales is 831

σ2
FG,proj(z) =

∫ d3k
(2π)3

[
1 + η(k)

]2P0(k, z) |WFG(k, z)|2. (A46)

The relative enhancement is therefore 832

EFG(z) =
σ2

FG,proj(z)

σ2
FG,0(z)

. (A47)

In MOCK v3, Eq. (A47) yields EFG(z ≈ 10) ≈ 1.33 for the relevant scale window. Since 833

η(k) = κ(k)− 1 ≤ 0 for all k, the factor [1 + η(k)]2 = κ2(k) ≤ 1 represents a scale-dependent 834

suppression of mode amplitudes. The enhancement EFG > 1 therefore does not arise from 835

pointwise amplification of individual modes, but from a redistribution of variance toward 836

long-wavelength modes, which are less suppressed by the kernel than the short-wavelength 837

modes entering the window WFG(k, z). This quantity is purely structural and encodes 838

only how the kernel reshapes variance at early times, without implementing any explicit 839

collapse dynamics. 840

Appendix F.2 Scale–Dependent Hubble Drift HH(k) 841

The fractional Hubble drift is defined in Eq. 11: 842

δH
H0

=
Hlocal − HCMB

HCMB
, (A48)

with both quantities structurally inferred rather than dynamically evolved. 843

Define a drift weight WH(k) selecting the modes contributing to an effective local rate. 844

The structural drift profile is 845

HH(k) = HCMB
[
1 + η(k)WH(k)

]
. (A49)

The MOCK v3 drift ratio is then the weighted average 846(
δH
H0

)
num

=
∫ d3k

(2π)3 η(k)WH(k), (A50)

evaluated over the calibrated Gaussian kernel. 847

Using σ0 from Eq. 12, MOCK v3 yields 848(
δH
H0

)
num

= 0.0800, (A51)
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as reported in Section 5.2. No cosmological model H(z) or effective wavenumber keff is 849

used; the result is purely structural. 850

Appendix F.3 Early SMBH Seed Formation MSMBH 851

Let Φproj(x) be the projection potential. For a typical minimum of this field, define its 852

depth Φmin
proj and an associated structural radius Rseed. Equating the dimensionless potential 853

amplitude with a Newtonian scaling gives 854

Φmin
proj ≃ −GMseed

Rseedc2 , (A52)

so that 855

Mseed ≃ −Φmin
proj

Rseedc2

G
. (A53)

Since Φmin
proj < 0, Eq. (A53) yields a positive structural seed mass Mseed > 0. In 856

MOCK v3, Φmin
proj and Rseed are inferred structurally from typical wells of the projected 857

potential, not from any dynamical collapse process. For representative combinations of 858

|Φmin
proj| and Rseed, the structural estimate becomes 859

104 M⊙ ≲ Mseed ≲ 108 M⊙, (A54)

in agreement with Section 5.3. In MOCK v3, representative wells in the projected potential 860

satisfy |Φmin
proj| ∼ 10−4–10−2 and structural radii in the range Rseed ∼ 1–100 kpc, which 861

jointly reproduce the seed mass interval of Eq. (A54). 862

Appendix F.4 CMB Low–ℓ Modulation 863

Expand the projection potential over the sphere: 864

Φproj(n̂) = ∑
ℓ,m

aℓm Yℓm(n̂). (A55)

A structural low–ℓ phase induces a modulation 865

∆T
T

(n̂) ≃
[
1 + Amod p̂ · n̂

] (∆T
T

)
iso
(n̂), (A56)

with 866

Amod ∼ 0.008, (A57)

matching the structural ∼ 0.8% modulation in Section 5.4. 867

The mapping from Φproj to ∆T/T is heuristic and does not implement radiative 868

transfer or Sachs–Wolfe physics; Amod is a structural proxy for low–ℓ modulation, not a 869

CMB prediction. 870

Appendix F.5 Dark–Baryon Oscillator ζDB 871

Define the projected spectrum: 872

Pproj(k) = PΛCDM(k)
[
1 + ζDB(k)

]
, (A58)

where PΛCDM(k) is a fiducial analytic template, not a fitted observational spectrum. No 873

likelihood analysis enters its use here; ζDB(k) encodes a purely structural correction. 874

In MOCK v3, the residual oscillation is well described by 875

ζDB(k) ≃ ADB cos
(
ωDBk + φDB

)
, (A59)
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with parameters extracted diagnostically from the kernel-induced oscillatory component, 876

not treated as free fit parameters. 877

The corresponding configuration-space correction is 878

ξproj(r) = ξΛCDM(r) + ∆ξDB(r), (A60)

where ∆ξDB(r) is the Hankel transform of Eq. A59. This explains BAO-scale ripples struc- 879

turally without modifying fluid dynamics. 880

Appendix F.6 Intergalactic Bridges BIB 881

The kernel–modified correlation function is 882

ξproj(r) =
∫ d3k

(2π)3

[
1 + η(k)

]2P0(k) j0(kr), (A61)

which splits as 883

ξproj(r) = ξ0(r) + ∆ξ(r). (A62)

The correction is 884

∆ξ(r) =
∫ d3k

(2π)3

[
2η(k) + η2(k)

]
P0(k) j0(kr). (A63)

For kernels with broad low-k support, ∆ξ(r) decays slowly and contributes signifi- 885

cantly at separations r ≳ 100 Mpc. MOCK v3 yields 886

ξproj(r > 100 Mpc) ≈ 0.5, (A64)

indicating a structural enhancement of large-scale connectivity. This bridge signal BIB 887

arises purely from nonlocal resonance geometry, without invoking gravitationally bound 888

filaments. 889

Appendix G Data Availability 890

All numerical data, configuration files, operator definitions, article modules, and 891

validation logs used in this work are openly available on Zenodo under the persistent 892

identifier 893

doi:10.5281/zenodo.17661107 894

The repository contains the full MOCK v3 environment, including the calibrated 895

projection kernel, operator algebra, σ0 calibration routine, article modules (1–6), and the 896

complete validation output across Layers I–III. 897

All files are distributed under an open license and ensure full reproducibility of all 898

numerical results presented in this Whitepaper. 899

Appendix G.1 Repository Structure 900

Configuration and Engine 901

• 05_config.yaml — global numerical settings (lattice size, box length, seed) 902

• 06_operators.json — full definition of the 22 resonance operators 903

• params_alpha_v3.json — semi–spectral evolution grid for Layer III 904

• mockv3_engine.py — core calibration and validation engine 905

Layer I–III Scripts 906

• 01_layer1.py — operator algebra diagnostics 907

• 02_layer2.py — kernel construction, σ0 calibration, validation 908

https://doi.org/10.5281/zenodo.17661107
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• 03_layer3.py — reduced spectral energy evolution 909

• 04_layer2_plot.py — kernel visualisation tools 910

Article Modules (Corrected) 911

• 11_article1_hubble_drift.py 912

• 12_article2_early_galaxies.py 913

• 13_article3_smbh_seeds.py 914

Article Modules (Legacy) 915

• 14_article4_cmb_anomalies.py 916

• 15_article5_dark_baryon_oscillator.py 917

• 16_article6_intergalactic_bridges.py 918

Results Directory 919

• results/layer1_metrics.json 920

• results/layer2_metrics.json 921

• results/layer3_metrics.json 922

• results/M_layer2.npy 923

• results/layer3_energy_series.csv 924

• results/article0_kernel_summary.json 925

• results/article[1-6]_*.json 926

• results/article[0-6]_fig[1-3]_*.png 927

Appendix G.2 Integrity Verification 928

The root archive on Zenodo includes a checksum file with the following SHA–256 929

hash: 930

SHA256 F8305739EE41636E18D1B68E7CEE7010A91DECFCE012C38EDAC9B20B3269E507 931

This hash verifies the integrity of the full MOCK v3 package and enables bit–level 932

reproducibility. 933

Appendix G.3 Reproducibility Statement 934

All figures, tables, and numerical values shown in this Whitepaper can be reproduced 935

entirely from the code and data contained in the Zenodo archive. No external datasets 936

were used in the validation of MOCK v3; all empirical trend comparisons in Section 5 rely 937

exclusively on published values cited therein. 938
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