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Abstract

The  Lambda  Cold  Dark  Matter  (ΛCDM)  model  now  confronts 

substantial  empirical  tension  across  231  independent  observational 

anomalies: the 5σ Hubble disagreement (H₀ = 73.0 ± 1.0 vs 67.4 ± 0.5 km 

s⁻¹  Mpc⁻¹),  the  S8  growth-rate  deficit,  JWST’s  high-redshift  mass  and 

morphology problems, the SPT2349-56 ICM thermal energy excess at z = 

4.3, gigaparsec-scale anomalous structures (Big Ring, Giant Arc), satellite-

plane co-rotation across six independent hosts (joint P ≈ 2 × 10⁻¹⁴), and the 

10¹²⁰-magnitude  vacuum-energy  fine-tuning,  yet  retains  its  central 

commitment to a hot-dense-singular cosmic origin requiring inflation, cold-

dark-matter particles, and a fundamental cosmological constant. We present 

Successive Collision Theory (SCT), a single-assumption-change framework 

grounded in 69 numbered premises (P1-P69) using only standard General 

Relativity, Special Relativity, the Standard Model, and lattice QCD applied 

to  an  eternal  infinite  universe.  SCT  replaces  the  singular  origin  with  a 

superluminal collision between nested comoving structures, producing the 

thermalized debris field that became our visible universe.

The  “From  Chaos  to  Consilience”  series  develops  the  framework, 

organized as Series 1 (the cosmological  papers, including this Paper 17) 

followed by Series 2 (the carrier-field / foundational papers, beginning with 

Series 2 Paper 1); the companion list in §XIV defines the boundary. All 231 
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cataloged tensions reduce to 11 Primary Concept Groups (M1-M11), each 

identifying one keystone premise whose removal would collapse that class 

of resolutions. Three low-parameter results stand out: A* = 6.173 = 1/f_b 

[DERIVED, using the virial/cluster baryon fraction f_b = 0.162;  this  is  a 

consistency check, not a zero-free-parameter prediction], consistent at 0.6% 

with HIFLUGCS+CLASH (Paper 12); R_b = 0.2545 ± 0.032 (dimensionless 

cascade  baryon-loss/heating  ratio  from  cascade  geometry,  agrees  with 

observed 0.260 ± 0.002 at 0.17σ, Series 2 Paper 1); N_eff = 2.514 ± 0.050 

(effective  relativistic  species;  if  SCT  is  correct,  CMB-S4  would  separate 

2.514  from  the  Standard-Model  3.046  by  ~17.7σ  (forecast)  in  central 

values,  though  present  Planck  data  already  show  a  ~2.8σ  tension  with 

2.514, Series 2 Paper 1). The unified field equation [0.08 fm ≤ r]: G_μν + 

Λ_eff(x,t) g_μν = (8πG/c⁴)[T_μν + T^sup_μν(A)] is GR with three identified 

additions, dynamical Λ_eff, coherent superposition T^sup_μν, and a QCD 

lower-boundary  domain  restriction,  not  a  replacement  (Paper  8).  The 

compiled  predictions  ledger  (see  Paper  S1_18)  makes  SCT  decidable. 

Primary near-term discriminant: CMB-S4 N_eff measurement (2030+). The 

accumulated evidence has reached a threshold where the inherited ΛCDM 

origin model warrants reconsideration on its own merits.

Keywords: successive collision theory; SCT; ΛCDM tensions; 231-tension 

catalog; 69 numbered premises; M1-M11 Primary Concept Groups; A* = 

6.173; N_eff = 2.514; R_b = 0.2545; CAR formula c_s² = (1+R_b)/3; 

polyquark cores; mesh dissipation; dynamical Λ_eff(x,t); Hubble tension; S8 

tension; gravitational superposition T^sup_μν; coherent amplification; 

hereditary proper time; frame-tree redshift; nested comoving frames; 

eternal infinite universe; superluminal pocket collision; collision-seeded 

structure formation; Big Bang alternative; dark matter alternative; dark 



energy origin; SCT-MASTER unified field equation; QCD domain boundary 

0.08 fm; CMB-S4 N_eff discriminant; 17.7σ forecast; DR JM NIPOK.

TOC I.  Introduction II.  Foundational Premises II.A. Category I:  The 

Nature  of  the  Universe  (P1-P6)  II.B.  Category  II:  The  Structure  of  the 

Universe  (P7-P8)  II.C.  Category  III:  The  Nature  of  Time  (P9-P13)  II.D. 

Category IV: The Nature of Dark Energy (P14-P19) II.E. Category V: Origin 

of Our Visible Universe (P20-P49) II.F.  Category VI: The Nature of Dark 

Matter  (P50-P56)  II.G.  Category  VII:  Our  Place  in  the  Universe  and the 

Unified Field Equation (P57-P69) II.H. Theoretical Constraint Statement and 

Consistency Requirements

III. Geometric Structure of Nested Spacetime Pockets III.A. Nested Pocket 

Hierarchy: Definition and Structure III.B. Metric Structure Within and 

Between Pockets III.C. Collective Properties of Spacetime Pockets III.D. 

Boundary Conditions and Pocket Interfaces III.E. Consistency Requirements 

and Open Mathematical Tasks

IV. Relativistic Inheritance of Proper Time and Spacetime Perception IV.A. 

Conceptual Foundation: Time as Hereditary IV.B. Special Relativistic Time 

Dilation Across Nested Succession IV.C. Gravitational Time Dilation Across 

Nested Succession IV.D. Local Refinements Within Pockets IV.E. Proper-

Time Recursion Formalism IV.F. Inherited Spatial and Causal Structure 

IV.G. Connection to Observational Cosmology IV.H. Required Derivations 

and Consistency Checks

V.  Successive  Superluminal  Collisions:  Replacing  the  Hot  Dense 

Origin  V.A.  Conceptual  Foundation:  Superluminal  Collisions  Without  SR 

Violation  V.B.  Collision  Sequence  and  Thermalization  V.C.  Collision 

Geometry and Structure Formation V.D. Energy, Momentum, and Angular 

Momentum Conservation V.E. Entropy Production and the Second Law V.F. 



Curvature  Evolution  and  Gravitational  Radiation  V.G.  Observational 

Signatures of Collision Origin V.H. Required Derivations and Consistency 

Checks

VI. Dark Energy as Gravitational Mesh Dissipation VI.A. Orbital Decay and 

Gravitational Binding Evolution VI.B. Effective Cosmological Term Λ_eff 

VI.C. Temporal and Spatial Variability of Λ_eff VI.D. Implications for the 

Hubble Tension VI.E. Observational Predictions and Falsifiability

VII. Cosmological Redshift from Hereditary Proper Time

Status  update:  The  redshift  formula  z  =  f(pocket_depth, 

hereditary_time_path) is given in closed form by the hierarchical Lorentz 

frame-tree composition of Paper 2 (“From Chaos To Common Ancestry”). 

The  single-boost  approximation  1  +  z  =  (1  +  z_cosmo)(1  +  z_pec)  is 

replaced  by  the  recursive  product  over  the  parent  chain.  Frame-tree 

corrections at the 10⁻⁵-10⁻⁴ level produce a ~ 0.5-1% systematic between 

cluster-environment  and  field-environment  supernovae,  itself  an 

observational discriminator testable with Pantheon+ + DESI subsamples. 

The Hubble law H₀ ≈ 67-73 km s⁻¹ Mpc⁻¹ is recovered statistically over a 

representative source-observer ensemble.

VII.A. Photon Propagation Through Nested Frames VII.B. Derivation 

of  Redshift  from Proper-Time Inheritance VII.C.  Statistical  Emergence of 

the Hubble Law VII.D. Predicted Deviations from ΛCDM

VIII. Dark-Matter-Like Phenomena from Gravitational Field Superposition 

VIII.A. Coherent Gravitational Superposition in Comoving Frames VIII.B. 

Effective Stress-Energy Tensor Modification VIII.C. Galaxy Rotation Curves 

and Lensing Predictions VIII.D. Cluster Dynamics and Large-Scale 

Structure



IX. Early Structure Formation and High-Redshift Observations IX.A. 

Collision-Seeded Density Perturbations IX.B. Rapid Galaxy and Black Hole 

Formation IX.C. Comparison with JWST Observations

X. Cosmic Microwave Background from Collision Thermalization X.A. 

Origin of  the CMB Temperature X.B. Anisotropy Generation Mechanisms 

X.C. Power Spectrum and Non-Gaussian Signatures X.D. Comparison with 

Planck Observations

XI. Systematic Resolution of Observational Tensions XI.A. Expansion History 

and Distance Measurements XI.B. Structure Formation and Growth Rates 

XI.C. Large-Scale Anomalies and Alignments XI.D. Fine-Tuning and Initial 

Condition Problems

XII. Observational Predictions and Falsification Tests XII.A. Redshift-

Dependent Dark Energy Signatures XII.B. Spatial Anisotropies and Bulk 

Flow Correlations XII.C. Rotation Curve and Lensing Discriminants XII.D. 

Gravitational Wave and Transient Signatures

XIII. Mathematical Framework and Outstanding Derivations XIII.A. 

Completed Derivations XIII.B. Explicit Mathematical Gaps XIII.C. Required 

Numerical Simulations

XIV. Discussion and Comparison with Alternative Models XIV.A. Comparison 

with ΛCDM XIV.B. Relation to Modified Gravity and Varying-Constant 

Models XIV.C. Conceptual and Philosophical Implications

XV. Conclusions and Future Work

Appendix  A.  Catalog  of  ΛCDM  Tensions  Addressed  by  SCT  (231 

Cases)

Introduction



For much of the past century, our theoretical commitments have been 

shaped as much by our discomfort with the unknown as by the empirical 

record itself. Finite temporal origins, bounded causal domains, and closed 

explanatory structures have often been preferred not because observations 

required  them,  but  because  the  alternative,  an  eternal  universe,  an 

unbounded spacetime, or an infinite hierarchy of scales, was perceived as 

conceptually  unwieldy  or  methodologically  destabilizing.  Yet  scientific 

progress has never been advanced by constraining the universe to match 

our  intuitions.  It  has  advanced  when  we  have  allowed  the  universe  to 

instruct us, even when its implications challenge our deepest assumptions.

The accumulating tensions within the standard framework, together 

with the growing body of observations that resist  reconciliation within a 

finite,  tightly  delimited  cosmology,  now  compel  us  to  reconsider  the 

foundational  premises  we  have  long  taken  for  granted.  A  serious 

engagement with  models  that  incorporate  eternity  and infinity  is  not  an 

indulgence  in  metaphysics;  it  is  a  necessary  step  toward  constructing 

theories  capable  of  accommodating  the  full  complexity  revealed  by 

contemporary  data.  Only  by  relinquishing  our  inherited  fear  of  the 

unbounded  can  we  hope  to  develop  a  cosmology  that  is  empirically 

adequate, internally coherent, and conceptually complete.

The  moment  has  therefore  arrived  for  clarity,  for  methodological 

candor,  and  for  the  willingness  to  re‑examine  assumptions  that  have 

persisted more by tradition than by necessity. The time is now to stand up 

and declare that the emperor wears no clothes.

The  Lambda  Cold  Dark  Matter  (ΛCDM)  cosmological  model  has 

provided  a  remarkably  successful  phenomenological  framework  for 

describing  large-scale  structure,  cosmic  microwave  background  (CMB) 



anisotropies,  and the expansion history of  the observable universe.  Built 

upon the Friedmann-Lemaître-Robertson-Walker (FLRW) metric solution to 

Einstein’s  field  equations,  ΛCDM  posits  that  approximately  95%  of  the 

universe’s energy density consists of components, dark matter (~26%) and 

dark energy (~69%), for which no direct particle detection or fundamental 

physical explanation currently exists. The model extrapolates gravitational 

dynamics backward to a hot,  dense initial  singularity approximately 13.8 

billion  years  ago,  followed  by  an  inflationary  epoch  that  exponentially 

expanded  spacetime  by  a  factor  exceeding  10²⁶  within  the  first  10⁻³² 

seconds. Despite its observational successes, ΛCDM faces significant and 

growing empirical challenges. The Hubble constant H₀ exhibits a persistent 

tension at the 5σ level between measurements from the early universe (H₀ 

= 67.4 ± 0.5 km s⁻¹ Mpc⁻¹ from CMB acoustic peaks via Planck satellite 

data) and late-universe distance ladder calibrations (H₀ = 73.0 ± 1.0 km s⁻¹ 

Mpc⁻¹  from  Cepheid-calibrated  Type  Ia  supernovae),  suggesting  either 

unidentified systematic errors or new physics beyond the standard model. 

The James Webb Space Telescope (JWST) has revealed massive galaxies 

(M_* > 10¹⁰  M_ )  and supermassive black holes (M_BH > 10⁶  M_ )  at☉ ☉  

redshifts z > 10, corresponding to cosmic ages less than 500 million years 

post-singularity, timescales apparently insufficient for hierarchical assembly 

via  gravitational  instability  growth  from  primordial  perturbations  under 

standard ΛCDM assumptions.

A  comprehensive  analysis  identifies  231  distinct  observational 

tensions spanning cosmological parameters, structure formation timescales, 

large-scale  anomalies,  and  measurements  of  fundamental  constants, 

suggesting potential  systematic  issues with the ΛCDM framework rather 

than  isolated  measurement  uncertainties.  Theoretically,  ΛCDM’s 



cosmological  constant  Λ,  interpreted  as  vacuum  energy  density  ρ_Λ  = 

Λc²/(8πG) ≈ 6 × 10⁻²⁷ kg m⁻³, differs from quantum field theory predictions 

by approximately 120 orders of magnitude, constituting perhaps the most 

severe  fine-tuning  problem  in  physics.  Dark  matter  remains  undetected 

despite decades of direct detection experiments (XENON, LUX, PandaX), 

collider  searches at  the Large Hadron Collider,  and indirect  observation 

campaigns targeting proposed particle candidates including WIMPs, axions, 

and  sterile  neutrinos.  Inflation,  while  solving  horizon,  flatness,  and 

monopole problems, introduces its own fine-tuning requirements for inflaton 

potential  shapes  and  initial  conditions,  and  generates  predictions  (e.g., 

primordial tensor modes with specific spectral indices) not yet conclusively 

confirmed  observationally.  The  initial  singularity  itself  represents  a 

breakdown of General Relativity at Planck scales ( _P ≈ 10⁻³⁵ m, t_P ≈ 10⁻⁴³ℓ  

s),  requiring  unverified  quantum  gravity  physics.  This  paper  presents 

Successive  Collision  Theory  (SCT),  a  cosmological  framework  that 

addresses  these challenges through reinterpretation of  standard General 

Relativity and Special Relativity applied to an eternal, infinite universe. SCT 

is  not  constructed  as  a  phenomenological  extension  of  ΛCDM  with 

additional free parameters, but rather as a deductive framework built upon 

69 explicit foundational premises (P1-P69) that invoke only well-established 

physics. These premises are organized into seven categories addressing: (I) 

the nature of the universe, (II) cosmic structure, (III) the nature of time, (IV) 

dark  energy,  (V)  the  origin  of  our  visible  universe,  (VI)  dark  matter 

phenomena,  and (VII)  our cosmic location.  The theory makes three core 

conceptual departures from ΛCDM, each tied directly to specific subsets of 

the 69 premises:



1. Rejection of Initial Singularity and Inflation (P1-P6, P20-P41) The 

universe is eternal in time (P1) and infinite in space (P2), containing pre-

existing  matter  distributed  throughout  (P4-P5)  in  hierarchical  structures 

governed  by  scale-invariant  General  Relativity  (P7).  Our  observable 

universe emerged not from a singular hot dense state at t = 0, but from 

successive  superluminal  collisions  between  immense  nested  comoving 

structures (“spacetime pockets,” P11) whose relative velocities can exceed c 

without  violating  relativity.  The  speed-of-light  constraint  applies  to  local 

acceleration within nested frames (P20), not to relative velocities between 

independently  formed  structures  at  vastly  larger  scales  (P21-P22). 

Collisions at extreme velocities (potentially 3c, 7c, or higher; P23) pulverize 

pre-existing matter into hot dense plasma (P25), providing the thermalized 

initial  conditions that  ΛCDM attributes to a  Planck-scale  singularity,  but 

without  requiring  unverified  quantum  gravity  or  inflation.  2. 

Reinterpretation of Dark Energy, with a Proper-Time Reading of Redshift 

(P9-P19) SCT RETAINS standard FLRW metric expansion with scale factor 

a(t); cosmological redshift is metric wavelength-stretching, λ_obs/λ_emit = 

a_obs/a_emit  (see  §VI.B).  The  “hereditary  time”  construction  (P10)  is  a 

proper-time bookkeeping WITHIN the expanding metric, not a replacement 

for  metric  expansion:  cumulative  proper-time  differences  accumulated 

across nested pocket succession provide a consistency reinterpretation of 

the same observed z(d), with a small (~0.5-1%) frame-tree correction as the 

only  distinguishing  signature.  Each  comoving  frame  inherits  baseline 

proper-time behavior  from its  parent  frame and refines  it  through  local 

velocities and gravitational trajectories (P12). The cosmological constant Λ 

is  reinterpreted  as  a  dynamical  ratio  Λ_eff = f(U_local,  U_parent)  (P17) 

between  gravitational  binding  energy  within  a  pocket  and  cumulative 

gravitational  influence  from the  parent  pocket  succession.  Orbital  decay 



(P14)  causes  dissipation  of  gravitational  “mesh  strength”  (P16)  that 

observers  interpret  as  accelerating  expansion  (P15).  Unlike  ΛCDM’s 

constant  vacuum  energy,  Λ_eff  varies  spatially  and  temporally  (P19), 

exhibiting  long-term exponential  growth  (P18)  but  permitting  short-term 

fluctuations  that  provide  a  candidate  partial  mechanism for  the  Hubble 

tension. 3. Gravitational Field Superposition Replacing Dark Matter (P50-

P54,  P66)  Dark-matter-like  phenomena,  flat  rotation  curves,  enhanced 

gravitational lensing, cluster velocity dispersions, emerge from constructive 

interference of gravitational fields among coherently moving masses within 

pockets  (P50,  P52),  modifying  the  effective  stress-energy  tensor  (P53) 

without requiring new particles. This constitutes a proposed modification to 

Einstein’s field equations where multiple bodies sharing a comoving frame 

create  amplified  spacetime  curvature  through  gravitational  wave 

superposition. Structure formation proceeds through collision- seeded over-

densities  (P55  rather  than  dark  matter-driven  hierarchical  clustering. 

Compact object cores are stabilized by quark degeneracy pressure at inter-

quark separations ~0.08 fm (P66) rather than collapsing to singularities, 

representing a third modification to GR incorporating lattice QCD results.

 SECTION  II:  FOUNDATIONAL  PREMISES  Successive  Collision 

Theory is constructed from 69 explicit foundational premises organized into 

seven  categories.  All  subsequent  theoretical  claims,  mathematical 

derivations, and observational predictions can be traced to these premises 

combined  with  standard  General  Relativity  and  Special  Relativity.  No 

speculative physics, undiscovered particles, or modifications to fundamental 

interactions  will  be  introduced  beyond  what  these  premises  explicitly 

require.



CATEGORY I: THE NATURE OF THE UNIVERSE (P1-P6)  P1: Eternal Time 

Time has no beginning and no end; there exists no minimal or maximal 

measurable temporal intervals.

EXPLANATION: The temporal dimension extends infinitely in both the past 

and the future directions, eliminating the need for cosmological initial 

conditions or an origin event at t = 0.

MATHEMATICAL COMMITMENT: Temporal coordinate t ∈ (-∞, +∞) with no 

singularities required at finite times; field equations must not impose 

temporal boundaries.

OBSERVATIONAL COMMITMENT: No observational evidence for a 

temporal origin is necessary within SCT; apparent “beginning” phenomena 

(CMB, nucleosynthesis) arise from local collision events, not cosmic 

inception.

P2: Infinite Space Space has no boundary or edge in any direction; there 

exists no minimal or maximal measurable spatial intervals.

EXPLANATION: The spatial manifold is unbounded and extends indefinitely 

in all directions, with no compactification, topology constraints, or edge 

effects.

MATHEMATICAL COMMITMENT: Spatial coordinates x^i span ℝ³ without 

compactification or boundary conditions; metrics must accommodate 

infinite spatial extent.

OBSERVATIONAL COMMITMENT: Large-scale homogeneity must extend 

arbitrarily far beyond the observable universe; no observational horizon 

represents a fundamental boundary.



P3: Embedded Observable Universe Eternal time and infinite space together 

imply that our observable universe constitutes an infinitesimal patch 

embedded within an unbounded, larger reality.

EXPLANATION: The finite observable universe (radius ~46.5 Gly) 

represents a local neighborhood within infinite spacetime, not a privileged 

or unique region.

MATHEMATICAL COMMITMENT: Observable universe radius r_obs << 

R_universe → ∞; local curvature and dynamics represent boundary-value 

problems within infinite manifold.

OBSERVATIONAL COMMITMENT: Phenomena at our observational horizon 

must be interpretable as local features of a larger structure, not 

fundamental cosmic boundaries.

P4: Ubiquitous Mass-Energy If our observable patch exists within infinite 

space, it is statistically inconsistent to assume that mass-energy exists only 

here and not elsewhere.

EXPLANATION: The Copernican principle extended to infinite space: our 

local concentration of matter cannot be unique; similar structures must 

exist throughout the infinite manifold.

MATHEMATICAL COMMITMENT: Mass-energy density ρ(x,t) must be non-

zero across arbitrarily large regions of ℝ³, not concentrated solely in our 

observable neighborhood.

OBSERVATIONAL COMMITMENT: No direct observational requirement; 

this is a logical consistency premise preventing anthropic fine-tuning of 

initial conditions.



P5: Infinite Total Mass-Energy Given eternal time and infinite space, the 

universe must contain effectively infinite total mass and energy distributed 

throughout.

EXPLANATION: Integration of non-zero mass-energy density over infinite 

spatial volume yields unbounded total mass-energy content.

MATHEMATICAL COMMITMENT: Global mass-energy integral ∫_ℝ³ ρ d³x → 

∞; local conservation laws (∇_μ T^μν = 0) must hold, but no global energy 

accounting is required or possible.

OBSERVATIONAL COMMITMENT: No observational test; this follows 

logically from P2 + P4.

P6: Large-Scale Homogeneity At the largest scales, the cosmological 

principle of isotropic homogeneity holds when we consider an eternally 

infinite 4D Minkowski spacetime.

EXPLANATION: Statistical averaging over sufficiently large volumes 

(exceeding correlation length) yields homogeneous and isotropic 

distributions, consistent with cosmological principle.

MATHEMATICAL COMMITMENT: Two-point correlation function ξ(r) → 0 

for separations r >> L_correlation; power spectrum P(k) must exhibit 

isotropy for k << k_min.

OBSERVATIONAL COMMITMENT: Must reproduce observed homogeneity 

at scales ~100 Mpc while permitting larger-scale structures 

(superfilaments, giant arcs) as fluctuations about the mean.

 CATEGORY II: THE STRUCTURE OF THE UNIVERSE (P7-P8) 

P7: Scale-Invariant Structure Reality is an eternal, scale-invariant “follow-

the-leader” process: an infinite number of celestial objects form larger and 



larger structures by following the scale-independent field equations of 

General Relativity.

EXPLANATION: Gravitational clustering proceeds hierarchically at all 

scales; Einstein’s field equations contain no preferred length scale, 

permitting self-similar structure formation indefinitely.

MATHEMATICAL COMMITMENT: Solutions to G_μν + Λ g_μν = (8πG/c⁴) 

T_μν must permit nested hierarchical bound systems at arbitrarily large 

scales without requiring inflation, topology change, or scale-dependent 

modifications.

OBSERVATIONAL COMMITMENT: Observed hierarchy (planets → stars → 

galaxies → clusters → superclusters → filaments) must extend to scales 

beyond current observations; no maximum structure scale exists.

P8: Comoving Frames When we apply the field equations of General 

Relativity  and  the  time-dilation/  length-contraction  formulas  of  Special 

Relativity  to  eternal  time  and  infinite  space,  we  do  not  obtain  isolated 

inflating bubble universes. Instead, we obtain a nested succession of larger 

and larger comoving frames of reference, where multiple celestial objects 

share the relative  trajectory and velocity  of  their  most  massive “leader” 

objects.

EXPLANATION: GR+SR applied to infinite spacetime yields hierarchical 

comoving frames (e.g., Solar System → Galaxy → Local Group → Virgo 

Supercluster → …) rather than disconnected inflationary bubbles.

MATHEMATICAL COMMITMENT: Each nested level α has a metric 

g_μν^(α) related to parent metric g_μν^(α+1) through Lorentz 

transformations Λμ_ν(β(α)) encoding relative motion and gravitational redshift 

factors exp[Φ^(α)/c²].



OBSERVATIONAL COMMITMENT: Our observable universe must be 

identifiable as one such frame within a larger succession, with testable 

consequences (e.g., dipole anisotropies from parent frame motion, bulk 

flows).

 CATEGORY III: THE NATURE OF TIME (P9-P13) 

P9: Lorentz Boost Relations Between Frames

Each comoving frame is related to its parent by a Lorentz boost.

EXPLANATION: This establishes the SR-consistent kinematic relation 

between adjacent levels of the hierarchy. Objects in pocket α move with 

collective velocity v^(α) relative to parent pocket α+1, and the frame-to-

frame transformation is the standard SR Lorentz boost Λμ_ν(β(α)) with β^(α) 

= v^(α)/c.

MATHEMATICAL COMMITMENT: The metric in pocket α is related to the 

metric in pocket α+1 by g_μν^(α+1) = Λ^ρ_μ Λ^σ_ν g_ρσ^(α) × 

exp[2(Φ^(α+1) − Φ^(α))/c²], with the exponential factor accounting for 

gravitational time dilation between pockets.

OBSERVATIONAL COMMITMENT:  GPS  satellites  are  the  everyday 

case: the Earth-to-satellite transformation requires both the SR boost (v ≈ 4 

km/s relative motion) and the GR redshift  (Φ difference between Earth’s 

surface  and  orbit).  SCT  extends  the  same  Lorentz-boost  composition 

through every nesting level above the GPS satellite frame.

Significance: Establishes the SR-consistent kinematic relation between 

adjacent levels of the hierarchy.

P10: Hereditary Time Transmission Time is hereditary: each comoving 

frame inherits its base proper-time behavior from its parent frame and 

passes a refined version of that time perception to its child objects.



EXPLANATION: Proper time propagates through the nested hierarchy like a 

recursive function: each frame’s baseline clock rate comes from its parent, 

then gets modified by local motion/gravity before being passed to children.

FORMULA:  dτ/dt  =  Π_{i=1}^{k}  γ_i^{-1}  ×  Π_{j=1}^{k}  (1  − 

Φ_j/c²)^{1/2}, for an object at the k-th level of an N-level hierarchy. The 

proper time rate at any nesting level is the cumulative product of all SR γ 

factors and all gravitational redshift factors from that level upward through 

the  entire  parent  chain.  MATHEMATICAL  COMMITMENT:  Proper  time 

τ^(α)(x,t) satisfies recursive relations τ^(α) = ∫ dτ^(α+1) √(1 - β²^(α)) × 

exp[Φ^(α)/c²] involving parent proper time τ^(α+1), local velocities β^(α), 

and gravitational potentials Φ^(α).

OBSERVATIONAL COMMITMENT: Cosmological redshift is produced by 

metric expansion (λ_obs/λ_emit = a_obs/a_emit); the cumulative hereditary 

proper-time differences accumulated across nested succession provide a 

consistency reinterpretation of the same z(d) WITHIN the expanding metric, 

not a non-metric replacement for it.

P11: Spacetime Pocket as Physical Object Each comoving frame can 

be treated as a “pocket” of spacetime. The universe is composed of a nested 

succession of such spacetime pockets.

EXPLANATION: A “pocket” is a gravitationally and kinematically coherent 

collection of objects sharing approximate comoving motion; it serves as a 

well-defined organizational unit for the nested hierarchy.

MATHEMATICAL COMMITMENT: Pocket α is defined by characteristic 

radius R^(α), velocity dispersion σ_v^(α), gravitational binding energy 

U^(α) = -GM²(α)/R(α), and phase-space boundaries in (x, v) space.



OBSERVATIONAL COMMITMENT: Our observable universe is one such 

pocket with R^(obs) ≈ 46.5 Gly, M^(obs) ≈ 10^{53} kg; parent pocket has 

R^(parent) >> R^(obs); siblings and cousins may leave detectable imprints 

(anisotropies, bulk flows).

NOT this: It is not exotic, it is the natural generalization of the virialized 

halo in standard cosmology.

P12: Nine Collective Pocket Properties

A  pocket  has  nine  measurable  collective  properties:  rotation  rate, 

orbital  motion,  center  of  mass,  luminosity,  gravitational  field,  magnetic 

field, electric field, spatial evolution, and inherited time rate. Every pocket 

inherits its  time rate from its parent and passes a refined version to its 

children.

EXPLANATION:  Within  each  comoving  frame,  sibling  objects 

“following the leader(s)” have individual velocities relative to that frame and 

trajectories through gravitational fields, which together refine the inherited 

perception of  time and space that they,  in turn,  pass to their  own child 

objects in the nested succession. The nine properties are the measurable 

signatures of the pocket’s collective dynamics.

MATHEMATICAL COMMITMENT: Each property maps to a moment of 

distributions: angular momentum L^(α) = ∫ r × v dm, orbital elements (a, e, 

i, Ω, ω, M), center of mass X_CM = ∫ x dm / M, luminosity L = ∫ L(x) d³x, 

multipole expansion Φ(r) = -GM/r + …, field strengths B^(α) and E^(α), 

time-dependence dX_CM/dt ≠ 0, and inherited proper-time function τ^(α)

(history).



OBSERVATIONAL COMMITMENT: Properties (A)-(H) must match observed 

characteristics of astronomical structures at each scale; property (I), 

inherited time rate, must explain hereditary time and redshift mechanisms.

Significance: Enumerates the observable/measurable quantities that 

characterize a pocket as a physical entity within its parent frame.

P13: Observable Universe as a Pocket

Our observable universe is a spacetime pocket: finite in extent, bounded by 

our light cone, embedded in the parent pocket structure that extends 

beyond our horizon.

EXPLANATION: Our observable patch (radius ~46.5 Gly, mass ~10⁵³ 

kg) is  one specific instance of  the general  pocket  construct of  P11.  The 

parent  pocket  structure  continues  beyond  the  observable  horizon  and 

provides  the  gravitational  mesh  whose  dissipation  we  interpret  as  dark 

energy.

MATHEMATICAL COMMITMENT: For our observable universe (α = 

0): R^(0) ≈ 46.5 Gly, M^(0) ≈ 10⁵³ kg, σ_v^(0) ~ 300 km/s. Parent pocket 

(α  =  +1)  must  satisfy  R^(+1)   R^(0),  with  quantitative  scaling≫  

determined from observational constraints (bulk flows, CMB dipole).

OBSERVATIONAL COMMITMENT: Phenomena at  our observational 

horizon must be interpretable as local features of a larger structure, not 

fundamental  cosmic boundaries.  Bulk flows,  CMB dipole and large-angle 

anomalies,  and  the  KBC  supervoid  are  the  primary  signatures  of  our 

pocket’s embedding in the parent structure.

Significance: Identifies our observable patch as a specific instance of the 

general pocket construct, with parent pocket structure continuing beyond 

the horizon.



 CATEGORY IV: THE NATURE OF DARK ENERGY (P14-P19) 

P14:  Orbital  Decay  and  Gravitational  Mesh  Dissipation  No  orbit 

contains infinite  energy;  all  orbits  decay over time.  Some decay inward, 

most decay outward. As a result, the distances between objects at each level 

of the nested succession change, leading to a dissipation in the average 

strength  of  the  overlapping  gravitational  wells  that  define  that  frame. 

EXPLANATION:  All  gravitationally  bound  orbits  lose  energy  through 

radiation  (gravitational  waves,  tidal  friction,  electromagnetic  drag);  two-

body orbits  predominantly  decay outward due to  three-body interactions 

and dynamical friction, increasing inter-object separations.

MATHEMATICAL COMMITMENT: Gravitational binding energy U^(α) = -∑i 

∑{j>i} Gm_i m_j / r_{ij} evolves as dU^(α)/dt > 0 (becoming less negative), 

implying increasing separations dr_{ij}/dt > 0 statistically; overlapping 

gravitational potential Φ_mesh = ∑_i Φ_i decreases in magnitude as |

dΦ_mesh/dt| < 0.

OBSERVATIONAL COMMITMENT: Must reproduce observed acceleration 

parameter q_0 ≈ -0.55 without invoking vacuum energy; decay timescales 

must be consistent with observed galaxy cluster evolution and large-scale 

structure growth.

NOT this: This is not speculative, it is established long-term behavior of N-

body gravitational systems under GR.

P15: Apparent Expansion from Parent-Frame Mesh Change When this 

dissipation occurs across a nested succession of parent comoving frames, 

each providing a base perception of space and time to its child objects,  

observers at our scale factor would interpret the net effect as if the “fabric 

of spacetime” were being pulled apart.



EXPLANATION: Because each frame inherits its baseline proper-time and 

spatial metric from parent frames (P10), dissipation of parent-frame 

gravitational mesh (P14) propagates to child frames as an apparent 

stretching of space.

MATHEMATICAL COMMITMENT: Effective scale factor a_eff(t) emerges 

from cumulative dissipation across parent succession: da_eff/dt ∝ 

∑_{α=obs}^{∞} (dΦ_mesh^(α)/dt), where sum extends over all parent 

frames influencing our pocket.

OBSERVATIONAL COMMITMENT: Must reproduce Hubble law v = H₀ d for 

nearby galaxies without invoking FLRW metric expansion; effective Hubble 

parameter H_eff(z) must match observations.

P16:  Mesh  Dissipation  Equivalence  to  Observed  Expansion  Dark 

energy is not vacuum energy. Instead, it is related to the dissipation of the 

average gravitational tensor “mesh strength” across a nested succession of 

parent comoving frames of reference.

EXPLANATION: What ΛCDM attributes to constant vacuum energy density 

ρ_Λ, SCT reinterprets as time-varying weakening of the cumulative 

gravitational field network created by parent-frame mass distributions.

MATHEMATICAL COMMITMENT: Energy density ρ_DE emerges from 

second time derivative of mesh potential: ρ_DE ∝ ∂²Φ_mesh/∂t² rather than 

constant vacuum contribution; Einstein field equations acquire effective 

cosmological term Λ_eff g_μν = (8πG/c⁴) ρ_DE g_μν.

OBSERVATIONAL COMMITMENT: Λ_eff must be spatially and temporally 

variable, not constant; variations must be consistent with observed 

expansion history and structure formation.

NOT this: Dark energy is not a physical substance filling empty space.



P17: Dynamical Cosmological Ratio Therefore, the cosmological constant Λ 

in the Einstein field equations should be interpreted as a ratio between: (i) 

the localized strength of overlapping gravitational wells within a given 

pocket, and (ii) the cumulative influence of the succession of parent frames 

whose gravitational environments they are competing against.

EXPLANATION: Λ_eff quantifies the balance between local gravitational 

binding (resisting expansion) and parent-frame dissipation (driving 

apparent expansion); as parent frames decay, local binding becomes 

relatively weaker, increasing Λ_eff.

FORMULA: Λ_eff(x,t) = κ × [U_parent(x,t) / U_local(x,t)], where κ has 

units m⁻² and is calibrated to reproduce the observed Λ_obs ≈ 1.1 × 10⁻⁵² 

m⁻² when spatially averaged. MATHEMATICAL COMMITMENT: Λ_eff(x,t) = 

κ [U_parent(x,t) / U_local(x,t)], where κ is a dimensioned constant [κ] = L⁻², 

U_local represents local gravitational binding energy or potential strength 

within pocket α, and U_parent represents cumulative parent-frame binding 

energy from succession α+1, α+2, …

OBSERVATIONAL COMMITMENT: Spatial variations in Λ_eff must 

correlate with observed bulk flows and large-scale velocity fields; temporal 

evolution must account for part of the Hubble tension by explaining 

different H₀ values at different epochs.

NOT this: Not a fixed universal constant with no identified physical origin.

P18: Long-Term Exponential Cascade Over long enough time frames, the 

aggregated effects of dark energy being due to dissipations in the 

gravitational tensor mesh strength of a nested succession of parent pockets 

of spacetime would predict a rate of increase across large scales to increase 

exponentially as time goes on.



EXPLANATION: As the parent-frame mesh dissipates (P14), the cumulative 

inherited dissipation U_parent increases monotonically; if U_local remains 

approximately constant, Λ_eff ∝ U_parent grows; continued dissipation 

causes accelerating growth, yielding exponential behavior at long times.

MATHEMATICAL COMMITMENT: Asymptotic behavior d²a_eff/dt² ∝ 

exp(t/τ_decay) for some decay timescale τ_decay >> t_universe ≈ 13.8 Gyr, 

implying equation of state parameter w(t → ∞) → -∞ (phantom dark energy 

regime) (this is the asymptotic far-future t → ∞ limit; the present-day 

spatially-averaged equation of state is the thawing w₀ = −0.90 ± 0.03, w_a 

= −0.19 ± 0.07 of Paper 10, in the DESI DR2-preferred direction).

OBSERVATIONAL COMMITMENT: SCT adopts the quintessence-like, 

DESI-consistent equation of state of the companion Paper 10 (w₀ = −0.90 ± 

0.03, w_a = −0.19 ± 0.07), i.e. w > −1 today with a thawing trend, which is 

what  DESI  DR2  (2025)  prefers  (dynamical-dark-energy  preference  now 

~2.8-4.2σ, with phantom behavior at high z crossing to w > −1 at low z). 

The §VI.D long-term exponential-growth scenario predicting w < −1 at low 

redshift  (z  <  0.5)  is  therefore  currently  DISFAVORED  by  data  and  is 

retained only as a CONJECTURAL/OPEN late-time limit; it is NOT the form 

this  paper  adopts.  Future  observations  (DESI,  Euclid,  Roman)  test  the 

adopted (w₀, w_a) thawing form.

P19:  Short-Term  Local  Variability  (Hubble  Tension)  Since  Lambda 

now becomes  a  ratio  and  is  variable  in  different  parts  of  space  across 

different moments in time, although the average tendency over time will 

move  towards  an  exponentially  increasing  rate,  this  model  allows  for 

temporary  instances  where  the  rate  could  appear  to  slow  down  under 

certain conditions when either the localized overlapping wells are stronger 

than average, or the most direct parent structures are moving towards each 



other and not away from each other.  EXPLANATION: Because Λ_eff = κ 

U_parent/U_local  (P17),  fluctuations  in  either  the  parent  dissipation 

U_parent or the local mesh U_local (local gravitational clustering increasing 

U_local, which suppresses Λ_eff) cause spatial and temporal variations in 

apparent expansion rate.

MATHEMATICAL COMMITMENT: Λ_eff(x,t) exhibits fractional fluctuations 

ΔΛ/Λ ~ O(0.01-0.1) on timescales Δt ~ Gyr and spatial scales Δx ~ 100 Mpc, 

with correlation structure ⟨ΔΛ(x₁,t₁) ΔΛ(x₂,t₂)⟩ determined by parent-frame 

dynamics.

OBSERVATIONAL COMMITMENT: Explains Hubble tension as temporal 

variation: early universe (CMB decoupling, z ≈ 1100) had different Λ_eff 

than late universe (local H₀ measurements, z < 0.1), yielding H₀,CMB ≈ 67 

vs H₀,local ≈ 73; also predicts potential variability in dark energy equation 

of state w(z) with specific spatial patterns.

NOT this: No new particles or modified gravity is required.

 CATEGORY V: ORIGIN OF OUR VISIBLE UNIVERSE (P20-P49) 

P20: Local Character of the SR Speed Limit The speed of light c sets the 

maximum attainable speed for objects accelerated within our local nested 

succession of parent frames of reference.

EXPLANATION: Standard Special Relativity applies to all particles and 

objects accelerated from rest within our observable universe or its 

immediate parent frames; no local process can produce superluminal 

velocities.

MATHEMATICAL COMMITMENT: For objects accelerated from rest within 

frame α via local forces (gravity, electromagnetic, nuclear), relativistic 



momentum p = γm v approaches pc as kinetic energy → ∞, ensuring v_max 

→ c asymptotically.

OBSERVATIONAL COMMITMENT: All observed particle velocities, 

including galactic jets, cosmic rays, and stellar velocities must satisfy 

v_local ≤ c; no local process violates SR.

NOT this: This distinction is not a loophole, it is the definition of what SR 

claims and what it does not.

P21: Accepted Precedent in Standard Cosmology

Galaxies beyond the Hubble radius of approximately 14.4 gigalight-

years recede at velocities exceeding c under the standard expansion model. 

This is universally understood not to violate Special Relativity. SCT extends 

this  same  accepted  reasoning  to  the  collision  scenario:  superluminal 

relative velocities between independently formed pockets are the generic 

expectation  for  pockets  separated  by  distances  exceeding  c/H₀  ≈  14.4 

gigalight-years.

EXPLANATION:  The  cosmology  community  already  accepts  that 

distant galaxies recede faster than c without invoking new physics, this is 

standard ΛCDM, where v_recession = H₀·d can exceed c at d > c/H₀. SCT 

applies  precisely  the  same  reasoning  to  relative  velocities  between 

independently formed comoving pockets at vastly larger scales.

MATHEMATICAL COMMITMENT: Two pockets α and β with independent 

formation histories, separated by d > c/H₀ ≈ 14.4 Gly, can have relative 

velocity v_rel > c without violation of Special Relativity, because each 

pocket’s local SR remains valid; superluminal v_rel is a consequence of 

separation and independent kinematics, not of local acceleration.



OBSERVATIONAL  COMMITMENT:  This  premise  grounds  the  SCT 

collision  mechanism  in  a  precedent  already  accepted  in  mainstream 

cosmology. No new physics is invoked; what is invoked is the recognition 

that  the  same  kinematic  permissiveness  that  ΛCDM  allows  for  distant-

galaxy recession also applies to inter-pocket collision velocities.

Significance: Demonstrates that the key SCT claim of superluminal inter-

pocket relative velocities has an established precedent already accepted in 

mainstream cosmology.

P22: Physics of Superluminal Intersections No laws of physics are violated 

when two immense nested structures of comoving frames intersect the 

same region of spacetime with relative speeds exceeding twice the speed of 

light.

EXPLANATION: Intersection of two independently moving structures at 

v_rel > 2c involves no causality violation, signal propagation faster than c, 

or SR violation in either structure’s local frame; it is a kinematic possibility 

in GR.

MATHEMATICAL COMMITMENT: Two metrics g_μν^(α) and g_μν^(β) with 

different coordinate systems can intersect same spacetime region (x, t) with 

relative velocity v_rel = |v^(α) − v^(β)| > 2c; each metric separately 

satisfies Einstein equations and local SR; no unified “speed of light” limits 

relative velocities.

OBSERVATIONAL COMMITMENT: Collision physics must be worked out 

using shock dynamics and thermalization in the overlap region; such 

collisions are not forbidden a priori by fundamental physics.



NOT this: No energy condition is violated, the kinetic energy is real 

classical kinetic energy in the bulk motion of massive pockets, not vacuum 

energy or any exotic source.

P23: Collision Energy Regime Superluminal collisions between such 

immense structures can occur with kinetic energies far beyond twice the 

speed of light, potentially many times (e.g., 3, 7, 42, 67 c), introducing 

physical regimes and states of matter that are currently beyond our ability 

to simulate.

EXPLANATION: If two pockets of mass M ~ 10^{53} kg collide at v_rel ~ 

10c, the collision energy E ~ (1/2) M v_rel² exceeds rest mass energy Mc² 

by factors ~50, creating extreme high-energy-density states (quark-gluon 

plasmas, exotic hadrons, possibly non-equilibrium QCD matter).

MATHEMATICAL COMMITMENT: Collision energy E_collision = (1/2) 

M_pocket v_rel² with v_rel = v_pocket × γ_boost can exceed Mc² by 

arbitrarily large factors; energy density ε = E_collision / V_collision 

determines thermalization temperature and equation of state in collision 

region.

OBSERVATIONAL COMMITMENT: Exotic intermediate states during 

collision-thermalization must ultimately cool to reproduce observed CMB 

temperature (2.725 K), BBN abundances, and structure formation; models 

must address thermalization timescales and entropy evolution.

P24: Single Assumption Change Resolving Seven Mysteries When we 

replace the assumption of a single hot dense origin with a succession of 

superluminal collisions, many of the mysteries that current models and 

simulations struggle with can be addressed by this change in assumption.



EXPLANATION: Replacing ΛCDM’s Planck-scale singularity with multi-

stage collision thermalization provides alternative origin for: CMB 

homogeneity, BBN abundances, structure formation timescales, particle-

antiparticle asymmetry, and primordial perturbations.

MATHEMATICAL COMMITMENT: No new commitment; this premise 

identifies  the  conceptual  shift.  Specific  mechanisms  are  addressed  in 

subsequent premises P25-P41.

OBSERVATIONAL COMMITMENT: SCT must reproduce or improve upon 

ΛCDM’s fits to CMB power spectrum, large-scale structure, and BBN 

abundances while resolving tensions (H₀, early galaxies, etc.); if not, the 

collision assumption fails.

P25: Pre-existing Matter Thermalized by Collision These collisions provide 

both: (i) the catalyst that pulverizes existing mass into hot, dense, swirling 

plasma, and (ii) the pre-existing conditions that precede what we call “our 

Big Bang.”

EXPLANATION: Superluminal collision creates shock-heated thermalized 

plasma from pre-existing matter; this plasma, once cooled and evolved, 

appears phenomenologically identical to ΛCDM’s “Big Bang” conditions at 

very early times.

MATHEMATICAL COMMITMENT: Initial conditions for our observable 

universe are set by collision shock-front conditions at t = t_collision: 

temperature T_shock, energy density ε_shock, particle spectra, turbulence, 

magnetic fields; these become starting point for standard thermalization 

and nucleosynthesis.



OBSERVATIONAL COMMITMENT: CMB and BBN must emerge from 

collision thermalization; deviations from ΛCDM predictions in primordial 

spectra or isotope abundances could discriminate models.

NOT this: The collision did not create matter from nothing.

P26: Local Big Bang Our Big Bang did not create the entire universe; it 

created only an infinitesimal patch of spacetime relative to the larger 

structure.

EXPLANATION: The collision event creating our observable universe 

represents a local thermalization and structure-formation episode within the 

infinite universe; it is not a cosmic beginning.

MATHEMATICAL COMMITMENT: Observable universe volume V_obs ~ 

(46.5 Gly)³ is infinitesimal compared to parent pocket volume V_parent >> 

V_obs; extent of collision thermalization V_collision >> V_obs but << 

V_parent.

OBSERVATIONAL COMMITMENT: No observational implication; this is a 

boundary- condition statement establishing our local cosmic location.

NOT this: Beyond our observable horizon SCT predicts not empty space but 

continuation of parent pocket structure.

P27: Infinite Array of Big Bang Events Our Big Bang is one of an infinite 

number of Big Bang-like events that have occurred eternally.

EXPLANATION: The eternal universe contains infinite opportunities for 

pocket collisions at all epochs and locations; our collision is one of infinitely 

many similar thermalization events.



MATHEMATICAL COMMITMENT: Collision rate per comoving volume 

Γ_collision(t) ∝ collision cross-section × relative velocity density; integrated 

over all space and eternal time, total number of collision events → ∞.

OBSERVATIONAL COMMITMENT: Potential detection of external collision 

signatures (transients, CMB anomalies at horizon, relic radiation from 

distant collisions) would provide indirect evidence.

P28: Eternal Collision Cycle There was no first collision and there will 

be  no  last  collision.  In  an  infinite  universe,  there  is  an  eternal  cycle  of 

creation and slow dissipation, followed by new sequences of collisions.

EXPLANATION: Eternal time (P1) and infinite space (P2) ensure continuous 

collision activity throughout the universe; no temporal beginning or end to 

the collision cascade.

MATHEMATICAL COMMITMENT: No cosmological “arrow of time” from 

initial singularity; entropy increases locally through dissipation (P14), but 

global state is eternal and unchanging in character (though varying in 

spatial details).

OBSERVATIONAL COMMITMENT: No observational test; this is a 

boundary-condition statement about temporal structure of the universe.

P29: Thermodynamic State Sufficiency

Once  a  photon-baryon  plasma thermalizes,  its  subsequent  acoustic 

behavior is determined entirely by its thermodynamic state at decoupling, 

temperature, density, baryon-to-photon ratio, and the spectrum of density 

perturbations. The plasma has no memory of whether it was created by a 

singular  origin  or  by  a  cascade  of  superluminal  collisions.  Two plasmas 

arriving  at  the  same  thermodynamic  state  by  different  paths  produce 

acoustically identical CMB power spectra.



EXPLANATION:  This  is  the  Plasma  Equivalence  Proposition  (an 

argument,  not  a  rigorous theorem; the assumptions below are stated as 

assumptions),  a  consequence  of  the  tight-coupling  approximation  in  the 

photon-baryon Boltzmann hierarchy. The acoustic behavior of the plasma 

depends  only  on  its  thermodynamic  state,  not  on  its  formation  history. 

Whatever  set  the  initial  thermodynamic  state,  a  singular  Big  Bang or  a 

multi-stage collision cascade, the post-decoupling evolution is identical.

MATHEMATICAL COMMITMENT: The Boltzmann hierarchy for the photon-

baryon plasma, df/dt + p̂·∇f − Hp(df/dp) = C[f], depends on the initial state 

{T_dec, η, Y_p, τ_reion, k_eq, r_s} and not on the production history of that 

state.

NOT this: This is not an assumption, it is a consequence of the tight-

coupling approximation.

OBSERVATIONAL  COMMITMENT:  SCT’s  collision-origin  plasma 

reproduces  the  observed  CMB  scalar  power  spectrum  to  within  the 

perturbative corrections (~10⁻⁵) introduced by gravitational superposition 

at recombination. No distinguishing scalar signatures are expected at sub-

horizon scales.

Significance: Explains why SCT’s collision-origin plasma can reproduce the 

observed CMB scalar power spectrum at sub-horizon scales without 

distinguishing signatures.

P30: Six Thermodynamic State Parameters Determine CMB

The CMB power spectrum for multipoles  > 30 is determined by theℓ  

thermodynamic state at decoupling TOGETHER WITH the primordial scalar 

perturbation spectrum and the geometry/distance to last scattering: {T_dec, 

η, Y_p, τ_reion, k_eq, r_s} plus the scalar amplitude A_s, the tilt n_s (i.e. the 



full  P(k)),  and  the  angular-diameter  distance  D_A  to  last  scattering, 

regardless  of  origin  mechanism.  (The  earlier  statement  that  six 

thermodynamic parameters alone suffice was incomplete: A_s, n_s, and D_A 

are essential to the observed C_ .) There is one categorical exception to thisℓ  

erasure: angular momentum is a conserved vector quantity protected by an 

exact symmetry, Noether’s theorem guarantees it cannot be destroyed by 

thermalization, only redistributed. The collision history is therefore erased 

from  the  CMB  scalar  spectrum  but  written  into  the  rotation  of  every 

structure that forms from the post-collision plasma.

EXPLANATION: The six-parameter family describes everything about 

the photon-baryon plasma’s acoustic behavior at  sub-horizon scales after 

decoupling.  All  collision-cascade history is  erased except for the angular 

momentum  imprint,  which  Noether’s  theorem  protects.  The  angular 

momentum signature lives in galactic rotation, cluster spin, satellite-plane 

co-rotation,  and  quasar  polarization  alignment,  not  in  the  CMB  scalar 

spectrum.

FORMULA: {T_dec, η, Y_p, τ_reion, k_eq, r_s}

OBSERVATIONAL COMMITMENT: The CMB scalar power spectrum 

is  the  convergence  point,  both  ΛCDM and  SCT  must  reproduce  it.  The 

angular  momentum  signature  is  the  divergence  point:  SCT  predicts 

coherent  inheritance  of  J  at  all  scales,  ΛCDM predicts  incoherent  tidal-

torque accumulation at < 30-50 Mpc.

Significance: Identifies the angular momentum signature as the primary 

observational discriminant between SCT and ΛCDM.

P31: Grazing Collisions and Flat Rotation Curves



When two pockets collide with nonzero impact parameter b, angular 

momentum J = μ(b × v_rel) is deposited into the overlap volume, where μ is 

the reduced mass of  the colliding system. The inherited specific angular 

momentum j = J/M sets the centrifugal barrier for gravitational collapse. A 

centrifugal  barrier  in  a  self-gravitating  system is  ASSOCIATED with  an 

isothermal-like  density  profile  ρ(r)  ∝  r⁻²,  the  profile  that  generates  flat 

rotation curves. CAVEAT: a centrifugal barrier alone does not entail a global 

r⁻²  (singular  isothermal  sphere)  profile,  which  requires  a  specific 

thermodynamic/dynamical  equilibrium;  the  step  from  J-deposition  to  a 

global r⁻² profile is asserted here and derived in the companion rotation-

curve paper, not in this section.

EXPLANATION: A grazing collision deposits J into the overlap volume; 

the  centrifugal  barrier  this  creates  halts  collapse  at  a  finite  radius  and 

forces  isothermal  density  distribution.  ρ(r)  ∝  r⁻²  gives  M(<r)  ∝ r,  which 

gives  v_circ²  =  GM(<r)/r  ≈  const,  exactly  flat  rotation  curves.  No  dark 

matter halo required.

FORMULA: J = μ(b × v_rel); j = J/M; ρ(r) ∝ r⁻²

NOT this: This is not circular reasoning, the centrifugal barrier emerges 

from collision geometry, not from a tuned dark-matter halo profile.

OBSERVATIONAL  COMMITMENT:  Flat  rotation  curves  observed 

across  the  SPARC galaxy  sample  (~150 disk  galaxies),  satisfied without 

invoking  particle  dark  matter.  Tully-Fisher  scatter  reflects  collision-

determined angular momentum; rotation transition radius r_transition = 3 

R_d (confirmed across 24 SPARC galaxies at slope 2.908 ± 0.024, 0.09 σ).

Significance: No dark matter particles are required to seed the isothermal 

profile, the collision geometry provides it directly.



P32: Angular Momentum Inheritance Principle

Angular  momentum  conservation  operates  simultaneously  at  every 

level of the nested hierarchy. When structures at any scale condense from 

rotating material at the scale above, they inherit a fraction of the parent’s 

angular momentum proportional to their mass fraction and position. This is 

associated with the empirical scaling relation J ∝ M^(5/3), equivalently j = 

J/M ∝  M^(2/3),  observed  across  seven  decades  of  scale  from planetary 

systems to supercluster complexes. NOTE: within this paper J ∝ M^(5/3) is 

an empirical scaling pending the inheritance-dynamics derivation in Paper 

5;  it  is  not  derived  here.  (The  Tang  et  al.  2025  cluster-rotation  and 

Tudorache et al. 2025 filament-rotation significances are load-bearing and 

should  be  treated  as  provisional  pending  independent  confirmation.) 

Produces  coherent  spin  alignment  across  all  scales  simultaneously. 

Observed alignments extending to 30-100 megaparsec separations exceed 

tidal-torque-theory predictions by factors of 10-20.

EXPLANATION: SCT explains  the universal  J  ∝  M^(5/3)  scaling as 

natural consequences of inheritance from a common collision origin, rather 

than  coincidental  local  torquing  across  all  scales  independently.  Cluster 

rotation velocity scales 360 km/s at 10¹⁴ M  rising to 693 km/s at 10¹⁵ M☉ ☉ 

(Tang et al. 2025, > 100 σ aggregate). Filament bulk rotation ~ 110 km/s 

observed individually (Tudorache et al. 2025).

FORMULA: J ∝ M^{5/3} ⟺ j = J/M ∝ M^{2/3}

NOT this: Not reproduced as an assumed universal scaling law, derived 

from inheritance dynamics across the hierarchy.

OBSERVATIONAL COMMITMENT: Verified across seven decades of scale 

(planetary systems → galaxies → clusters → superclusters); galactic spin 



alignment extending to 30-100 Mpc; co-rotating satellite planes around six 

independent host systems (joint P ≈ 2 × 10⁻¹⁴); BCG-cluster shape 

alignment fully in place at z > 1.3 (Smith et al. 2023).

Significance: SCT explains the observed alignments as natural 

consequences of inheritance from a common collision origin, rather than 

coincidental local torquing.

P33: Head-On Collisions and Filament Formation

Near-zero  impact  parameter  collisions  convert  kinetic  energy 

primarily into heat and compression along the collision axis, with negligible 

retained angular momentum. Matter collapses freely in the perpendicular 

directions,  producing  elongated  high-density  filaments.  Filament  length 

scales with the combined pocket extent along the collision axis; filament 

width scales with the smaller pocket’s self-gravity.

EXPLANATION:  Direct  collisions  (b  ≈  0)  deposit  J  ≈  0;  without  a 

centrifugal  barrier,  perpendicular  collapse  produces  filamentary 

morphology.  The  cosmic  web’s  filaments  are  direct  collision-geometry 

signatures rather than dark-matter scaffolding.

MATHEMATICAL COMMITMENT: For b → 0, J/M → 0; filament length L_f 

scales with combined pocket extent along collision axis (L_f ∝ R_pocket(1) + 

R_pocket(2)); filament width W_f scales with the smaller pocket’s self-

gravity (W_f ~ min(R_pocket(1), R_pocket(2))).

OBSERVATIONAL COMMITMENT: Cosmic-web filament length distribution 

(50-100 Mpc typical, up to 400 Mpc for the Quipu superfilament); coherent 

rotation of largest filaments (~ 15 Mpc filaments with aligned angular 

momentum, MeerKAT 21-cm); spin-filament alignment ⟨|cos ψ|⟩ ≈ 0.75 ± 

0.05 from collision-axis inheritance.



Significance: Identifies the mechanism that produces the filamentary 

skeleton of the cosmic web.

P34: Full Cosmic Web from Collision Geometry Distribution

The  full  cosmic  web  emerges  from  the  full  parameter  space  of 

collision geometries: grazing collisions (geometrically more probable, since 

P(b) ∝ b) produce rotating halos; near-head-on collisions produce filaments 

and walls; collision nodes where filaments of different orientations intersect 

produce  the  most  massive  clusters.  The  scale  distribution  of  structures 

mirrors the scale-invariant hierarchy: grandparent-scale collisions produce 

gigaparsec superfilaments; parent-scale collisions produce 100-megaparsec 

filaments; sibling-scale collisions produce 10-50 megaparsec structures.

EXPLANATION: The cosmic web’s filament-wall-void-cluster topology 

emerges naturally from sampling the collision impact-parameter 

distribution P(b) ∝ b across multiple hierarchy levels. ΛCDM requires dark 

matter scaffolding to seed the same morphology; SCT requires only collision 

geometry.

FORMULA: P(b) ∝ b

NOT this: No dark matter scaffolding is needed.

OBSERVATIONAL  COMMITMENT:  Reproduces  SDSS,  2dFGRS, 

BOSS, DESI cosmic-web topology including filament lengths, void sizes, and 

cluster spatial distribution. Big Ring (~ 1.3 Gly diameter, z ≈ 0.8) and Giant 

Arc  (~  3.3  Gly,  z  ≈  0.8)  emerge  as  gigaparsec-scale  collision-geometry 

signatures (Λ_max ≈ 5 Gpc).

Significance: The geometry emerges directly from collision products with no 

dark matter particle scaffolding.

P35: Recombination Epoch with Collision Signatures



SCT’s collision-thermalized plasma produces a recombination epoch 

that  differs  from  ΛCDM in  subtle  but  in-principle  detectable  ways.  The 

collision geometry imprints density variations across the overlap volume: 

high-density regions (recombination rate ∝ n²) recombine faster; low-density 

peripheral  regions  recombine  slower.  The  sky-averaged  recombination 

redshift of approximately z = 1100 is preserved by the thermodynamic state 

parameters  of  P30.  The  SCT-specific  signatures  are  a  compressed 

recombination  epoch  duration  and  a  line-of-sight  dispersion  in  the 

decoupling redshift, producing specific non-Gaussian CMB contributions at 

angular scales corresponding to the collision region size.

EXPLANATION: The Plasma Equivalence Proposition (P29 + P30; an 

argument  under  the  stated  tight-coupling  assumptions,  not  a  rigorous 

theorem) preserves the scalar power spectrum at  > 30. The deviationsℓ  

from ΛCDM live at low  (collision-axis imprints, Cold Spot, hemisphericalℓ  

asymmetry,  axis  of  evil)  and in non-Gaussian statistics  at  angular  scales 

corresponding to the collision-region size.

MATHEMATICAL COMMITMENT: The recombination rate is ∝ n_e² where 

n_e = n_baryon + n_electron; the collision overlap volume’s density 

structure modulates the local recombination rate, producing ΔT/T 

deviations of order 10⁻⁵-10⁻⁴ at angular scales ~ 10° corresponding to the 

collision-region size.

OBSERVATIONAL COMMITMENT: The CMB Cold Spot (3 σ anomaly), 

the Axis of Evil (2.8 σ), the hemispherical power asymmetry (2.5 σ), and the 

low-  power deficit (~ 2 σ) are all SCT-predicted collision-axis imprints. Theℓ  

same  axis  should  emerge  from  independent  measurements  (CMB-S4 

polarization, Simons Observatory).



Significance: Predicts detectable, non-Gaussian CMB signatures tied to the 

collision region geometry.

P36: Multi-Stage Cascade Initiation

The initial superluminal collision produces a non-equilibrium plasma 

retaining  bulk  kinetic  energy  as  turbulence  and  large-scale  velocity 

gradients.  Successive  collisions  among  daughters  at  this  stage  involve 

comparable kinetic energies and similar geometric structure, distributing 

heat over the overlap volume in a way consistent with the observed CMB’s 

small-amplitude anisotropy.

EXPLANATION:  The  cascade  does  not  terminate  at  the  initial 

collision.  Daughter fragments retain superluminal  velocities and undergo 

secondary  collisions  (P37)  until  the  system  has  cooled  and  decohered 

enough that  v_rel  drops below c (P38).  The multi-stage cascade is  what 

distributes heat over the overlap volume rather than concentrating it at a 

single point.

MATHEMATICAL COMMITMENT: Each cascade stage releases energy E_n 

~ E_{n-1} within a factor ~ 2 (P29); the volume over which heat is 

distributed scales as V_n ~ R_pocket(n)³; the resulting baseline temperature 

T_CMB ~ (E_total / V_total / a_radiation)^(1/4) ≈ 2.725 K is preserved 

across the cascade.

OBSERVATIONAL COMMITMENT: The cumulative effect of multi-stage 

cascade thermalization, not a single instantaneous shock, accounts for the 

observed CMB temperature uniformity to ΔT/T  10⁻⁵ across causally-≲
disconnected regions, without requiring inflation.

Significance: Establishes that the initial thermalization event is not a single 

clean shock but initiates a multi-stage energy-dissipation process.



P37: Secondary Collisions from Daughter Fragments

Daughter fragments from the first stage are still moving at potentially 

superluminal relative velocities, producing secondary collisions.

EXPLANATION:  The  first  cascade  stage  deposits  matter  into  a 

turbulent,  non-equilibrium plasma whose constituent  daughter  fragments 

retain  bulk  velocities  of  order  v_rel(0)  <  c  (P22’s  overlap-volume 

thermalization is local;  the bulk fragments retain pre-collision velocities). 

These secondary collisions among daughters extend the cascade through 

additional stages.

MATHEMATICAL COMMITMENT: For a superluminal initial collision at 

v_rel(0) ~ 10c, daughter fragments retain bulk velocities of order v_rel(1) ~ 

v_rel(0)/η_collision where η_collision is the kinetic-to-thermal conversion 

efficiency at the first stage; if η_collision  1, as expected for superluminal ≪

collisions where thermalization is incomplete, daughter velocities can 

remain superluminal for several cascade stages.

OBSERVATIONAL COMMITMENT: The number of cascade stages N_stage 

is not directly observable from internal observables; SCT does not claim a 

specific N_stage but does claim N_stage > 1 with observational 

consequences distinct from a single-stage cascade.

Significance: Extends the cascade mechanism through successive stages.

P38: Cascade Termination at v < c

The  cascade  continues,  each  stage  dissipating  some  fraction  of 

remaining  kinetic  energy  into  heat,  until  relative  velocities  drop  below 

c. SCT does not claim to know the precise number of stages; it claims only 

that  more  than  one  occurred,  that  their  cumulative  effects  differ 



observationally from a single stage, and that this difference is in principle 

detectable.

EXPLANATION:  Each  cascade  stage  dissipates  kinetic  energy  into 

thermal energy. As thermal energy accumulates and cooling progresses, the 

surviving daughter fragments’ bulk velocities decrease. Eventually v_rel(n) 

< c and superluminal cascade dynamics terminate. From that point onward, 

the  universe  evolves  under  standard  subluminal  physics  from the  initial 

conditions the cascade produced.

MATHEMATICAL COMMITMENT: The cascade-termination condition 

v_rel(n_term) < c determines the number of stages n_term self-consistently 

from the dissipation per stage. SCT does not predict a specific n_term value, 

but sets a hard upper bound: n_term must be small enough that the cascade 

has terminated before BBN (t < 1 s, T < 10⁹ K).

NOT this: SCT does not claim to know the precise number of stages.

OBSERVATIONAL COMMITMENT: The cumulative effects of multi-stage 

cascade differ observationally from a single-stage cascade in: (1) CMB low-ℓ 

multipole structure (collision-axis imprints; P64); (2) primordial non-

Gaussianity at f_NL ~ 10⁻²; (3) BBN abundance ratios (the pre-BBN cascade 

termination must not perturb D/H, Y_p, or ³He/H beyond observed 

precision).

Significance: Establishes the termination condition of the cascade, 

subluminal relative velocities, and the observational consequence of multi-

stage dissipation.

P39: Quark-Gluon Plasma Phase at T > T_QCD



During the highest-energy phases of the cascade, temperatures exceed 

T_QCD ≈ 1.7 × 10¹² K, placing the plasma into a quark-gluon plasma phase 

governed by QCD at finite baryon density.

EXPLANATION:  The  kinetic  energy  deposited  at  the  early  cascade 

stages produces a plasma temperature far above the QCD scale. The plasma 

is then in a quark-gluon plasma phase, governed by QCD at finite baryon 

density, before cooling through the QCD transition into the baryon-photon-

electron plasma that subsequently produces BBN and recombination.

MATHEMATICAL COMMITMENT: For a pocket of mass M ≈ 10⁵³ kg 

colliding  at  v_rel  ~  10c,  the  kinetic  energy  density  at  the  first  stage 

corresponds  to  temperatures  reaching  T_QCD  ≈  1.7  ×  10¹²  K  and 

potentially  the electroweak scale  T_EW ≈ 10¹⁵  K in  compressed hotspot 

regions.  The  QGP  phase  is  governed  by  lattice  QCD  at  finite  baryon 

chemical  potential;  the equation of  state is  calibrated against  RHIC and 

LHC heavy-ion-collision results.

OBSERVATIONAL COMMITMENT: The QGP phase places the early 

cascade in the same physical regime as heavy-ion collision experiments at 

CERN  and  RHIC.  There  is  no  requirement  for  new  physics;  the  QGP 

equation of  state at  finite  baryon density  is  the relevant  standard-model 

calculation.

Significance: Connects cascade microphysics to the established Standard 

Model QCD regime studied in heavy-ion collision experiments at CERN and 

RHIC.

P40: Cascade Termination Before t ≈ 1 Second



Three independent observational constraints establish that the entire 

cascade terminated before t ≈ 1 second after the effective Big Bang, far 

before recombination:

(1) BBN abundance constraints (D/H = 2.527 ± 0.030 × 10⁻⁵, Y_p = 0.2449 

± 0.0040) require thermal equilibrium weak interactions at t ≈ 1 second 

with no active collision energy injection;

(2) COBE/FIRAS spectral purity (|y| < 1.5 × 10⁻⁵) requires all non-standard 

energy injection to have concluded before z ≈ 5 × 10⁴;

(3) Planck 2018 acoustic peak positions require no perturbation sources 

between the end of the cascade and recombination at z ≈ 1100.

All three constraints independently require cascade termination at t < 

approximately 1 second.

EXPLANATION:  After  cascade  termination,  the  universe  evolves 

under standard physics from the initial conditions the cascade produced. 

The exotic creation physics is ancient relative to everything we can directly 

observe.

MATHEMATICAL COMMITMENT: Cascade-termination redshift z_cascade 

> 5 × 10⁴ from FIRAS; cascade-termination time t_cascade < 1 s from BBN.

OBSERVATIONAL COMMITMENT: The observed primordial element 

abundances  (D/H,  Y_p,  ³He/H,  Li-7)  match  standard  BBN  predictions, 

confirming that no significant perturbation sources operated between the 

cascade and recombination. Spectral purity of CMB blackbody is preserved 

to FIRAS bounds.

Significance:  After  this  point  the  universe  evolves  under  standard 

physics  from  the  initial  conditions  the  cascade  produced.  The  exotic 

creation physics is ancient relative to everything we can directly observe.



FTL  Transit  Signatures  (observational  note):  SCT  permits  rare 

external objects from outside our visible patch to traverse our region at 

superluminal  velocities,  typically  the  residual  ejecta  from  sibling-pocket 

collisions in our shared parent frame (P58, P59, P60). Such traversals would 

produce optical transients whose phenomenology depends on the impacted 

material:  passage  through  nebular  gas  should  ignite  fast  cooling  (blue-

optical  transient  signatures,  FBOT  class)  or  slow  diffusive  cooling  (red 

transient signatures),  with luminosity L_transient ∝ E_impact × f_eff and 

timescale Δt ∝ /v where  is  cloud size and v is  traversal  velocity.  Theℓ ℓ  

expected  event  rate  is  Γ_FTL  ~  collision-rate  ×  impact-area  /  pocket-

volume, of order 10⁻¹⁰ to 10⁻¹² per galaxy per Gyr. Detection of such an 

event  is  a  direct-evidence  falsifier  for  “isolated  universe”  assumptions; 

current  FBOT  and  red-transient  surveys  (ZTF,  ATLAS,  LSST)  remain 

consistent with this rate but do not yet constrain it discriminatively.

P41:  Geometric  Production  of  Baryon Asymmetry.  SCT satisfies  all 

three Sakharov conditions using only Standard Model physics, enhanced by 

the extreme non-equilibrium environment of the collision.

EXPLANATION:  (1)  Baryon  number  violation:  sphaleron  processes, 

whose  rate  is  exponentially  enhanced  in  the  non-equilibrium  shock 

environment, provide baryon number violation at a rate far exceeding the 

equilibrium value. (2) CP violation: the angular momentum vector J = mu(b 

x v_rel) defines a preferred spatial axis that distinguishes left from right in 

the collision plane, an effective geometric orientation of magnitude of order 

10^-2 to 10^-3. NOTE [DOWNGRADED - Class D]: a geometric axis is a 

parity/handedness object, not a CP-odd Jarlskog phase, so equating it with 

the  CP  measure  is  not  justified  here;  the  relevant  Standard-Model  CP-

violation strength is the Jarlskog invariant J ≈ 3 × 10^-5 (NOT 10^-20), and 



the dimensionless baryon-asymmetry-relevant measure is comparably small, 

not  18  orders  below.  (3)  Departure  from  equilibrium:  the  superluminal 

intersection  is  an  extreme non-equilibrium environment  by  construction. 

The connection from this geometry to eta_B is CONJECTURED, not derived; 

a full  CP-odd, B-violating,  out-of-equilibrium calculation is  an OPEN task 

requiring future work.

MATHEMATICAL  COMMITMENT  [CONJECTURAL  /  OPEN  - 

calculation pending]:  a geometric orientation of order 10^-2 to 10^-3 is 

posited; the Standard-Model CP-violation strength is the Jarlskog invariant J 

≈ 3 x 10^-5 (NOT 10^-20). A target output baryon-to-photon asymmetry 

eta_B of (6.097 plus-or-minus 0.019) x 10^-10 is asserted, but no derivation 

links the collision geometry to eta_B; this is an OPEN task, not a completed 

result.

OBSERVATIONAL COMMITMENT: The mechanism must reproduce eta_B = 

(6.097 plus-or-minus 0.019) x 10^-10 without beyond-Standard-Model 

particle content; spatial variation of eta_B must remain compatible with 

geometric production from a single deposited collision axis.

CAVEAT  [DOWNGRADED  -  Class  D]:  The  earlier  claim  that  the 

collision  geometry  amplifies  Standard  Model  CP  violation  by  “nearly 

eighteen orders of magnitude” rests on the incorrect figure delta_CKM ~ 

10^-20; the correct Standard-Model CP measure is the Jarlskog invariant J 

≈ 3 × 10^-5, so the “eighteen orders” statement is withdrawn. Whether 

beyond-Standard-Model  physics  is  required  is  OPEN;  Sakharov-condition 

satisfaction here is CONJECTURED, calculation pending.

P42: BBN at Thermal Equilibrium. Big Bang Nucleosynthesis proceeds 

under standard Standard Model thermodynamics with weak interactions in 



thermal equilibrium at t of order 1 second, producing the observed D/H and 

Y_p abundances without any active collision energy injection.

EXPLANATION: Because the cascade has terminated before 

nucleosynthesis begins (P40), SCT reproduces the BBN abundance 

predictions of the standard framework exactly; the expansion rate at T = 1 

MeV matches the standard rate to extreme precision.

MATHEMATICAL COMMITMENT: D/H = (2.527 plus-or-minus 0.030) x 

10^-5 and Y_p = 0.2449 plus-or-minus 0.0040 must emerge from the 

standard reaction network evolved under the SCT expansion history.

OBSERVATIONAL COMMITMENT: Any deviation of predicted light-element 

abundances from observation beyond current measurement precision would 

indicate that the SCT expansion history disturbs BBN chemistry and would 

falsify the cascade-termination chain.

P43:  Instantaneous  Distant  Heating.  Superluminal  phase-velocity 

shock fronts from collisions can propagate heating faster than light-travel 

time, producing statistical homogeneity across regions that have never had 

causal light-speed contact.

EXPLANATION: This resolves the horizon problem without inflation 

and produces CMB isotropy naturally. The phase velocity of the intersection 

front exceeds c; the information-carrying group velocity remains bounded 

by c.

MATHEMATICAL COMMITMENT: v_phase > c (phase velocity); v_group 

less than or equal to c (information-carrying group velocity preserves 

causality).



OBSERVATIONAL COMMITMENT: CMB temperature uniformity below the 

10^-5 level across regions outside one another's particle horizons must 

follow from simultaneous thermalization of the overlap volume.

NOT THIS: Phase-velocity superluminality does not violate causality; 

information does not propagate faster than c.

P44:  Multi-Phase  Thermalization.  Thermalization  in  the  multi-stage 

collision sequence is multi-phase: different regions thermalize at different 

rates  depending  on  density  and  geometry,  producing  statistical 

homogeneity with residual anisotropies.

EXPLANATION: The observed CMB anisotropies are collision-phase 

thermalization residuals imprinted by the geometry of the overlap volume, 

rather than primordial quantum fluctuations stretched by inflation.

MATHEMATICAL COMMITMENT: Thermalization time tau_therm of order 

1/(n sigma v), varying spatially with local density and cross-section.

OBSERVATIONAL COMMITMENT: The anisotropy spectrum must be 

consistent with the observed CMB power spectrum at the thermodynamic-

state level (P29, P30), with collision-geometry signatures confined to the 

largest angular scales.

NOT THIS: CMB anisotropies are not primordial quantum fluctuations; they 

are collision-phase thermalization residuals.

P45:  Non-Equilibrium  Nucleosynthesis.  Nucleosynthesis  in  the 

superluminal  collision  regime  proceeds  under  extreme  non-equilibrium 

conditions;  standard  cross-sections  may  not  apply  at  collision-sequence 

extremes,  and  multi-phase  processing  can  suppress  or  enhance  specific 

elements.



EXPLANATION: This premise addresses possible element-specific 

anomalies: a non-equilibrium multi-phase sequence may suppress lithium-7 

production, although SCT registers the lithium problem as an open question 

shared with the standard framework rather than claiming a resolution.

MATHEMATICAL COMMITMENT: sigma(E, non-equilibrium) not equal to 

sigma(E, thermal); the multi-phase sequence permits multiple rounds of 

element formation prior to cascade termination.

OBSERVATIONAL COMMITMENT: Any element-specific deviation must 

remain compatible with the equilibrium BBN outputs of P42 for deuterium 

and helium, which are precision-confirmed.

NOT THIS: This is not standard equilibrium nucleosynthesis; collision-phase 

dynamics may modify yields only before cascade termination.

P46:  Seeded Compact  Object  Formation.  Superluminal  collisions at 

extreme  speeds  create  exotic  matter  states  and  directly  seed  massive 

compact objects, including supermassive black hole seeds and neutron-star 

progenitors; multiple collision events in the same region can trigger direct 

collapse.

EXPLANATION: This explains JWST's early supermassive black holes 

(M_BH > 10^9 M_sun at z of 6 to 10) without super-Eddington accretion or 

exotic seeding mechanisms: the seeds are deposited by collision geometry 

rather than grown from stellar remnants.

MATHEMATICAL COMMITMENT: Seed mass M_seed scales with collision 

energy density and volume; head-on geometries can produce M_BH,seed of 

order 10^3 to 10^5 M_sun directly, with the full deposition spectrum 

extending to 10^7 to 10^9 M_sun for pocket-scale events.



OBSERVATIONAL COMMITMENT: The high-redshift black hole census 

must follow the collision mass function's power-law decline rather than the 

exponential suppression of halo-growth statistics.

NOT THIS: No exotic seeding mechanism or super-Eddington accretion is 

required; compact objects emerge from collisions.

P47:  Post-Collision  Reheating.  After  initial  plasma  cooling,  later 

collision events can reheat local regions, creating multi-epoch reionization 

and structure reheating.

EXPLANATION: This explains observations suggesting a multi-phase 

reionization history: early collisions heat plasma, cooling and recombination 

follow, and later collision events reheat staggered regions.

MATHEMATICAL COMMITMENT: Multi-epoch structure t_reheat(1), 

t_reheat(2), and so on, with different spatial extents per episode.

OBSERVATIONAL COMMITMENT: The reionization history must be 

extended and patchy, reconciling the CMB optical depth with the late 

neutral islands observed in quasar spectra.

NOT THIS: Reionization is not a single smooth epoch; the multi-phase 

collision sequence produces staggered reionization.

P48: Collision Axis Imprints.  The geometry of the primary collision 

(direction  of  impact,  tilt,  rotational  orientation)  leaves  long-lasting 

observational  imprints  on  cosmic  structure:  preferred  axes,  dipole 

asymmetries, and hemispherical power asymmetries in the CMB and large-

scale structure.

EXPLANATION: This premise accounts for the CMB axis of evil, the Cold 

Spot, and hemispherical asymmetries as physical collision remnants sharing 

one deposited axis.



MATHEMATICAL COMMITMENT: A preferred axis n_coll imprints on the 

quadrupole and octupole moments and on large-scale-structure orientation 

statistics.

OBSERVATIONAL COMMITMENT: The anomaly axes (quadrupole-octupole 

alignment, hemispherical asymmetry, Cold Spot direction) must be mutually 

consistent with a single collision axis; demonstrated mutual inconsistency at 

high significance falsifies the imprint mechanism.

NOT THIS: These anisotropies are not statistical flukes; they are physical 

imprints of collision geometry.

P49: Constructive Interference of Gravitational Waves. Gravitational 

waves  from multiple  sources  in  the  same  comoving  frame  can  undergo 

constructive  interference,  amplifying  gravitational  effects  over  regions 

where coherence is maintained.

EXPLANATION: This provides a second mechanism for dark-matter-like 

amplification, complementing the static-field superposition of P50 through 

P54.

MATHEMATICAL COMMITMENT: h_total equals the in-phase sum over 

sources; the amplification factor is proportional to N for N coherent 

sources.

OBSERVATIONAL COMMITMENT: Coherent-source regions must show 

enhanced effective gravity correlated with the kinematic coherence of the 

source population.

NOT THIS: This does not invoke modified gravity theories, gravitons, or 

quantum gravity.

CATEGORY VI: THE NATURE OF DARK MATTER (P50-P56)



P50: Constructive Superposition of  Comoving Fields.  When sources 

share the same bulk motion, their field contributions arrive with correlated 

phases and can add constructively, producing a total approaching the full 

linear sum; randomly moving sources instead produce partial cancellation 

growing only as the square root of the source count.

EXPLANATION: For  gravitational  fields  the same principle  applies: 

comoving massive bodies in a shared frame contribute constructively to the 

gravitational  potential  at  points  within that  frame.  The nested comoving 

frame hierarchy provides exactly the velocity coherence required, so the 

hierarchy of  parent frames contributes a coherent mesh potential  rather 

than an incoherent noise floor.

MATHEMATICAL COMMITMENT: Coherent total approaches N x Phi_1 for 

N comoving sources; incoherent total approaches sqrt(N) x Phi_1.

OBSERVATIONAL COMMITMENT: Apparent dark-matter signatures must 

track the kinematic coherence of the visible source population rather than 

any independent particle distribution.

P51:  Effective  Gravitational  Potential.  The  effective  gravitational 

potential at any point in our observable patch is Phi_eff(r) = Phi_local(r) + 

Phi_mesh(r), where Phi_local is the potential from visible matter within our 

pocket and Phi_mesh is  the coherent  superposition contribution from all 

parent frames.

EXPLANATION: The mesh term develops tidal gradients strongest where 

Phi_local is weakest, precisely at the outskirts of galaxies and clusters, 

where dark-matter effects are most observationally prominent.

MATHEMATICAL COMMITMENT: Phi_eff(r) = Phi_local(r) + Phi_mesh(r).



OBSERVATIONAL COMMITMENT: Rotation curves, lensing maps, and 

dwarf-galaxy kinematics must be reproducible from the visible matter plus 

the mesh term, with the mesh contribution dominating in the outskirts.

P52: Coherent Enhancement Factor and Halo Shape. For N coherent 

parent  frames  each  contributing  potential  Phi_1,  the  coherent  total 

approaches N x Phi_1,  compared with the incoherent result of  sqrt(N) x 

Phi_1;  the  spatial  variation  of  this  enhancement  naturally  produces  the 

observed dark-matter halo profile shape.

EXPLANATION: The enhancement is  largest in the outskirts where 

local  gravity  is  weakest  and negligible  in  the  inner  regions  where  local 

gravity dominates. This is not an assumed NFW profile: it is the interference 

pattern of the coherent mesh, with one fewer free parameter than NFW.

MATHEMATICAL COMMITMENT: Enhancement factor of approximately 

sqrt(N) for N of order 10 to 100 parent frames yields dark-matter fractions 

of 3 to 10 times the visible contribution, consistent with the observed range 

across galaxy and cluster scales; the virialized fixed point is A* = 6.173 = 

1/f_b (Paper 12).

OBSERVATIONAL COMMITMENT: Halo profile shapes must follow the 

coherence structure of each system, with amplification falling toward unity 

in kinematically stirred (decoherent) systems such as tidally disrupted ultra-

diffuse galaxies.

NOT THIS: This is not an assumed NFW profile.

P53: Coherent Superposition Function Modifies the Field Equations. 

The  second SCT modification  places  a  coherent  superposition  function  f 

around the stress-energy tensor: G_munu + Lambda_eff(x,t) g_munu = (8 pi 

G / c^4) x f[N(x,t), alpha(x,t), r] x T_munu(matter), where N is the number 



of coherently comoving sources, alpha is the velocity coherence parameter, 

and r is position relative to the local mass concentration.

EXPLANATION:  In  the  limit  N  =  1,  f  =  1  and  standard  General 

Relativity  is  recovered  exactly.  In  the  limit  of  many  perfectly  comoving 

bodies, f approaches the full constructive enhancement, approximately 5 to 

10 in cluster outskirts and void boundaries and approximately 1 in inner 

galactic regions.

MATHEMATICAL COMMITMENT: G_munu + Lambda_eff(x,t) g_munu = (8 

pi G / c^4) f[N, alpha, r] T_munu(matter); f = 1 recovers GR in the single-

body limit.

OBSERVATIONAL COMMITMENT: Lensing mass profiles must match the f-

enhanced visible distribution without any dark-matter particle distribution.

NOT THIS: This is not a new field or a new particle.

P54:  Structure  Without  Dark  Matter  Particles.  Dark  matter  was 

assigned  two  roles  in  standard  structure  formation,  providing  extra 

gravitational attraction and seeding overdense regions; SCT addresses both 

through  separate  mechanisms,  with  constructive  superposition  providing 

the effective gravity and collision-cascade geometry producing the cosmic 

web directly.

EXPLANATION:  No  dark-matter  gravitational  wells  are  needed  to 

seed the web, because the collision itself deposits baryon overdensities at 

all relevant scales simultaneously. The SCT matter power spectrum differs 

from the  standard  prediction  in  specific,  testable  ways,  including  scale-

dependent suppression at high wavenumbers.



MATHEMATICAL COMMITMENT: The matter power spectrum carries 

suppression at wavenumbers beyond the coherence-decoherence scale, 

partially compensated by the f-factor enhancement at large scales.

OBSERVATIONAL COMMITMENT: No dark-matter particle may ever be 

detected; any confirmed direct, indirect, or collider detection of a dark-

matter particle falsifies this premise outright.

NOT THIS: No dark-matter particle distribution is required.

P55: Large-Scale Anomalous Structures. The first and largest collision 

stage deposited density perturbations at the scale of the colliding pockets, 

characteristic  scales  of  several  gigaparsecs,  as  macroscopic  density 

enhancements from collision geometry.

EXPLANATION: The collision geometry produces a ring-and-filament 

pattern: elongated structures along the collision axis and ring structures 

perpendicular  to  it,  consistent  with  the  geometry  of  shock-compressed 

shells. The Big Ring (approximately 1.3 Gly, z of about 0.8) and the Giant 

Arc (approximately 3.3 Gly, z of about 0.8) are precisely this type.

MATHEMATICAL COMMITMENT: The predicted characteristic scale is 

Lambda_max of approximately 2 x R_pocket, about 5 Gpc, for the first 

collision stage.

OBSERVATIONAL COMMITMENT: Gigaparsec structures must exist (they 

are predictions here, anomalies elsewhere) and must cap near the first-

stage scale; confirmed coherent structure substantially beyond 5 Gpc would 

break the parent-pocket hierarchy.

NOT THIS: The existence of gigaparsec structures is not evidence against a 

cosmological principle in SCT, which applies to the infinite-space average 

rather than to individual patches.



P56:  Collision-Seeded  Structure  Formation.  Structure  formation 

proceeds from collision-seeded over-densities  rather than from a smooth 

primordial perturbation spectrum; collision geometry determines the initial 

density perturbations.

EXPLANATION: This reinterprets the initial conditions of structure 

formation: the deposit defines delta(x, t_collision) directly, and gravity 

evolves it forward under standard physics.

MATHEMATICAL COMMITMENT: delta(x, t_collision) is determined by 

collision geometry, not by a scale-invariant Harrison-Zel'dovich spectrum; 

the effective spectral index emerges from the cascade's scale hierarchy as 

n_s = 1 - 1/L with L of approximately 29 nesting levels.

OBSERVATIONAL COMMITMENT: The observed n_s of approximately 

0.965 must emerge from the cascade hierarchy; a measured n_s 

incompatible with n_s = 1 - 1/L for any plausible L between 20 and 40 

falsifies the mechanism.

NOT THIS: Initial perturbations are not quantum fluctuations inflated to 

cosmic scales; the collision imprint defines the initial density field.

CATEGORY VII: OUR PLACE IN THE UNIVERSE AND THE UNIFIED 

FIELD EQUATION (P57-P69)

The 13 premises P57-P69 close the SCT foundation, covering large-scale-

structure alignment from coherent inheritance, sibling and cousin pocket 

dynamics, the residual frame velocity producing the CMB dipole, the unified 

field equation with three identified GR modifications, the QCD lower-

boundary domain restriction at 0.08 fm, the central conceptual shift, and 

the unbounded nested hierarchy following from scale-free GR.

P57: Large-Scale Structure Alignment



Gravitational superposition explains observed large-scale structure 

alignments, galaxy spins, filament orientations, cluster axes, as products of 

coherent motion in comoving frames rather than random orientation.

EXPLANATION: When multiple structures share a parent comoving frame 

and inherit angular momentum from a common collision origin, their 

orientation correlation function ξ(θ) remains positive over large scales, 

reflecting ongoing coherent dynamics rather than primordially imprinted 

noise.

MATHEMATICAL COMMITMENT: Alignment correlation function ξ(θ) > 0 

over large scales, with the correlation length set by the parent-frame 

coherence scale.

OBSERVATIONAL COMMITMENT: Quasar polarization vector alignment 

over  1 Gpc (Hutsemékers et al.), VLBI 3D jet alignment at 400-900 Mpc ≳
(Mandarakas et al. 2021, > 99.5%), and BCG-cluster shape alignment fully 

in place at z > 1.3 (Smith et al. 2023, ~10⁻⁶ random significance) all 

express the same underlying mechanism. ΛCDM tidal-torque-theory ceilings 

of 30-50 Mpc are exceeded by factors of 20-30.

NOT this: Large-scale structure alignments are not primordially imprinted 

noise, they are a consequence of ongoing coherent dynamics within the 

parent frame.

P58: Sibling Pocket Probability

Material  outside the primary collision overlap volume also receives 

momentum kicks from the propagating shock and fragments into daughter 

clumps under the collision’s angular momentum. The probability that the 

collision  geometry  was  so  precisely  head-on  that  it  produced  only  our 

pocket with no significant sibling material requires impact parameter b < 



b_iso  ≈  0.05  R_min,  giving  P(isolated  creation)  ≈  (0.05)²  ≈  0.25%,  or 

roughly one in four hundred.

EXPLANATION:  For  two  pockets  to  collide  and  produce  only  one 

observable patch (ours) with no sibling material, the impact parameter must 

be near exactly zero, a 5%-of-radius window. The geometric probability of 

that constraint is the area of the b < b_iso disk divided by the full impact 

cross-section, which gives the cited ≈ 0.25%.

MATHEMATICAL  COMMITMENT:  P(isolated  creation)  ≈  (b_iso  / 

R_min)² ≈ (0.05)² ≈ 0.25%. The expected outcome of a generic collision is a 

system of multiple sibling pockets, not a single isolated creation.

OBSERVATIONAL COMMITMENT: Sibling-induced anisotropies at scales of 

order 1 Gpc are the predicted signature; their absence at high significance 

would shrink the b < b_iso window further, but cannot drive it to zero 

without violating the collision-probability geometry.

NOT this: Isolated creation is not forbidden, it is rare. The expected 

generic outcome is multiple siblings sharing our parent comoving frame.

P59: Multi-Pocket Gravitationally Coupled System

Our  patch  is  therefore  not  an  isolated  FLRW  universe.  It  is  one 

component of a multi-pocket gravitationally coupled system whose siblings 

were created by the same event, inherit the same J vector, and evolve in the 

gravitational field of our patch and each other.

EXPLANATION: P58 establishes that  single-pocket creation is  rare. 

P59 states the consequence: any observational search for sibling influence 

is  searching  for  the  statistically  expected  case,  not  a  rare  outlier.  Our 

universe’s  large-scale  dynamics  must  be  solved  as  part  of  a  multi-body 



problem at  the  parent-frame level  rather  than as  a  single  closed FLRW 

solution.

MATHEMATICAL  COMMITMENT:  The  boundary  conditions  of  our 

pocket include non-zero gravitational potentials sourced by sibling pockets 

at  finite  separations.  The single-component  FLRW assumption cannot  be 

exact at scales approaching the sibling separation distance.

OBSERVATIONAL COMMITMENT: Bulk flows at 100-300 Mpc that exceed 

single-component ΛCDM expectations, and large-scale CMB low-multipole 

anomalies (quadrupole suppression, octupole-dipole alignment), are the 

predicted observational signatures.

NOT this: Our patch is not an isolated FLRW universe.

P60: Sibling Pockets in the Shared Parent Frame

Sibling pockets share our parent comoving frame because momentum 

conservation in the cascade means all  daughter fragments received bulk 

velocities in the grandparent frame differing from each other by at most 

v_rel(final)/c rather than the original v_rel(0) ≈ 10c. All siblings therefore 

comove at the grandparent level. For typical sibling separations of d_sibling 

≈  1-2  gigaparsecs  and  the  effective  Hubble  parameter  H_eff  ≈  H₀,  the 

recession velocity of the nearest sibling is v_recession ≈ 0.23c to 0.47c, 

subluminal, meaning nearest siblings are within our Hubble sphere and in 

principle detectable through their gravitational influence. Siblings share our 

Λ_eff variation: any temporal change in our parent-frame mesh dissipation 

propagates to all of us through the same hereditary chain.

EXPLANATION:  Cascade  momentum  conservation  forces  final 

daughter  velocities  to  be  a  small  fraction  of  the  original  superluminal 

collision  velocity.  This  caps  inter-sibling  recession  velocities  below  c  at 



typical  separations  of  1-2  Gpc,  placing  nearest  siblings  inside  our 

observable horizon as gravitationally coupled influences.

MATHEMATICAL COMMITMENT: For sibling separation d_sibling ∈ [1, 2] 

Gpc and H_eff ≈ H₀, v_recession = H₀ × d_sibling lies in the range 0.23c to 

0.47c.

OBSERVATIONAL  COMMITMENT:  Predicts  a  specific  large-scale 

structure correlation at approximately 1 gigaparsec scales with no ΛCDM 

analog.  Large-scale  bulk  flows,  CMB  large-angle  anomalies  (quadrupole 

suppression,  octupole-dipole  alignment),  and  correlated  expansion-rate 

variations at gigaparsec scales are all predicted signatures.

P61: Cousin Pockets at Higher Hierarchy Tiers

Higher-order relatives, cousins from grandparent collisions at separations 

of order 10-20 gigaparsecs, contribute progressively smaller gravitational 

corrections.

EXPLANATION:  Successive  parent-frame  tiers  contribute  mesh 

potential at their respective separation scales. Each tier’s contribution is 

suppressed by both larger separation and smaller boost factor, producing a 

hierarchical decrease in cousin contributions to the local mesh.

MATHEMATICAL COMMITMENT: Mesh potential  contribution from 

tier n falls as Φ_n ∝ G M_n / d_n where M_n and d_n grow with tier index. 

The convergence properties are analyzed in P62.

OBSERVATIONAL COMMITMENT: Cousin contributions are too small 

to dominate local-mesh observables. Their imprint is primarily in CMB low-

multipole modes (   64) and in residual large-scale-bulk-flow componentsℓ ≪  

beyond the sibling-tier contribution of P60.

P62: Convergent Mesh Sum



The sum over higher-tier relatives converges rapidly: the dark matter signal 

is dominated by the nearest two or three tiers and is insensitive to unknown 

higher-tier details.

EXPLANATION:  Even  though  the  parent  hierarchy  extends 

indefinitely (P7), the gravitational influence of distant tiers is suppressed 

enough that the dominant contribution to mesh phenomena (dark-matter-

like  effects)  comes  from  the  nearest  2-3  tiers.  SCT’s  predictions  are 

therefore robust against uncertainty in the distant hierarchy structure.

MATHEMATICAL COMMITMENT: Σ_n Φ_n converges with a tail that 

contributes < 5% of the total mesh potential beyond tier 3, given the 

hierarchical scaling imposed by GR and observed at scales of currently 

cataloged cosmic structure.

OBSERVATIONAL COMMITMENT: SCT’s quantitative predictions for 

dark-matter-like phenomena (rotation curves, lensing convergence, cluster 

dynamics) depend on calibration of the nearest 2-3 hierarchy tiers, not on 

parameters  of  arbitrarily-distant  ancestors.  This  makes  the  framework 

predictively falsifiable despite the formally-infinite parent chain.

P63: Residual Frame Velocity from Collision Geometry

Our pocket has a residual bulk velocity within its parent frame set by 

the collision geometry:  v_frame ≈ v_rel(final)  × (b/R_min).  The observed 

CMB dipole of 369 km/s constrains the combination of impact parameter 

and final relative velocity.

EXPLANATION: The collision that created our pocket and its siblings 

imparts  a  residual  bulk  velocity  to  each  daughter  pocket,  with  the 

magnitude set by the impact parameter b normalized to the smaller pocket 

radius R_min. The observed CMB dipole is the combined signature of this 



residual  frame  velocity  plus  our  local-group  peculiar  motion  within  our 

pocket.

MATHEMATICAL COMMITMENT: v_frame ≈ v_rel(final) × (b/R_min). 

For an observed CMB dipole of 369 km/s and known local-group peculiar 

motion,  the  SCT  residual  frame  velocity  can  be  inferred  and  used  to 

constrain b/R_min.

OBSERVATIONAL COMMITMENT: The measured CMB dipole amplitude 

(369 km/s) and direction (Galactic l = 264°, b = 48°) provide a direct 

kinematic constraint on the parent-collision impact parameter relative to 

our pocket radius.

P64: CMB Dipole Perpendicular to Angular Momentum Axis

The CMB dipole direction is predicted by SCT to be approximately 

perpendicular to the large-scale angular momentum coherence axis, since 

the frame velocity is  parallel  to the impact parameter vector b which is 

perpendicular to J = μ(b × v_rel). This geometric cross-check, CMB dipole 

direction  versus  the  quasar  polarization  alignment  axis,  is  a  specific, 

testable SCT prediction requiring only comparison of known observational 

quantities.

EXPLANATION: The impact-parameter vector b lies in the collision 

plane  and  is  perpendicular  by  definition  to  J  =  μ(b  ×  v_rel).  Because 

v_frame  ∥  b  (P63),  v_frame  is  also  perpendicular  to  J.  The  CMB dipole 

direction  (set  by  v_frame)  should  therefore  be  perpendicular  to  the  J 

coherence axis traced by quasar polarization (P57).

MATHEMATICAL COMMITMENT: J = μ(b × v_rel) and v_frame ∥ b 

imply v_frame ⊥ J. The angular separation between the CMB dipole and the 



large-scale polarization-coherence axis should be 90° within observational 

uncertainty.

OBSERVATIONAL  COMMITMENT:  Direct  cross-check  between  the 

published  CMB  dipole  direction  and  the  published  Hutsemékers 

polarization-alignment  axis.  A  measured  perpendicularity  within 

observational error supports SCT; a parallel or random orientation falsifies 

P63 + P64 jointly.

P65: Unified EFE Structure with Three Modifications

SCT proposes three modifications to the Einstein field equations, each 

operating at a distinct physical scale, each reducing to the standard result 

in the appropriate limit, and together constituting a coherent generalization 

of GR that does not replace it.

EXPLANATION: The three modifications are (1)  Λ_eff(x,t)  replacing 

the fundamental cosmological constant Λ via P17-P19 (cosmological scale); 

(2)  the  coherent-superposition  function  f[N,  α,  r]  modifying  the  stress-

energy tensor via P50-P54 (galactic / cluster scale); and (3) the QCD lower-

boundary domain restriction r ≥ 0.08 fm replacing the classical singularity 

via P66 (compact-object scale). Each modification recovers standard GR in 

its respective limiting case (Λ_eff → constant in unstructured regions, f → 1 

in single-body or incoherent limits, the domain restriction trivially absent at 

r  0.08 fm).≫

MATHEMATICAL COMMITMENT: The unified field equation is P67. 

Each  modification  carries  a  closed-form  scale  separation  between  the 

regime  where  it  is  non-trivial  and  the  regime  where  standard  GR  is 

recovered.



OBSERVATIONAL  COMMITMENT:  Each  modification  is 

independently testable at its own scale and is constrained by current data 

within its respective domain. The structural claim, that all three are needed 

and no others are needed, is itself a falsifiable empirical claim.

NOT this: A coherent generalization of GR that does not replace it. 

SCT’s modifications extend GR; they do not propose a different theory.

P66: QCD Domain Boundary at r = 0.08 fm

The domain specifier [0.08 fm ≤ r] declares the lower boundary of 

GR’s  domain  of  validity.  At  densities  above  approximately  5-10  times 

nuclear saturation density (n₀ ≈ 0.16 fm⁻³), the Fermi degeneracy pressure 

P_deg  ~  (ℏc/4)(3π²)^(1/3)  n_q^(4/3)  grows  faster  than  gravitational 

pressure  for  sufficiently  stiff  equations  of  state,  preventing  singularity 

formation.  At  the  centers  of  black  holes,  SCT  predicts  stable  compact 

polyquark states rather than singularities.

EXPLANATION: Singularities are not a prediction of physics, they are 

a signal that a model has been applied outside its domain of validity. Lattice 

QCD  and  finite-density  quark-matter  equations  of  state  predict  that 

degeneracy pressure rises with density at a rate sufficient to halt collapse 

before the classical Schwarzschild singularity. The 0.08-fm scale is the point 

at which this degeneracy pressure dominates over gravitational pressure for 

any QCD-compatible equation of state.

MATHEMATICAL  COMMITMENT:  [0.08  fm  ≤  r];  P_deg  ~  (ℏc/4)

(3π²)^(1/3)  n_q^(4/3);  n₀  ≈  0.16  fm⁻³.  Stable  polyquark  cores  have 

compactness  C  =  GM/(c²R)  in  the  range  0.244-0.347  (well  below  the 

Buchdahl  limit  4/9  ≈  0.444),  with  maximum  masses  depending  on  the 

specific QCD-compatible EOS in the band defined in Paper 16.



OBSERVATIONAL  COMMITMENT:  Maximum  neutron-star  and 

compact-object  masses  are  constrained  by  NICER  X-ray  timing  (PSR 

J0740+6620: M = 2.08 ± 0.07 M , R = 12.35 ± 0.75 km) and GW170817☉  

tidal  deformability  Λ_1.4  <  800.  The  polyquark  mass-radius  band  falls 

within these observational windows. GW post-merger echo signatures and 

modified  quasi-normal-mode  frequencies  provide  future  discriminators 

(Einstein Telescope, LIGO-Voyager).

NOT this:  This  is  not  an  ad  hoc  cutoff.  It  is  a  domain  restriction 

identified by the QCD equation of state at finite baryon density.

P67: Complete Unified Field Equation

The complete unified field equation of SCT is:

[0.08 fm ≤ r] : G_μν + Λ_eff(x,t) g_μν = (8πG/c⁴) × f[N, α, r] × T^μν_matter

Three modifications, all that the 69-premise chain requires, bring GR into 

closer alignment with the universe P1-P66 describes.

EXPLANATION:  The  domain  specifier  [0.08  fm  ≤  r]  is  the  third 

modification.  The  dynamical  Λ_eff(x,t)  is  the  first  modification.  The 

coherent-superposition function f[N, α, r] surrounding T^μν_matter is the 

second modification. Each modification reduces to a standard GR feature in 

its limiting case (Λ_eff → constant, f → 1, domain restriction trivially absent 

at r  0.08 fm). Combined, they form a single equation that reproduces all≫  

of  standard  GR’s  empirical  successes  in  their  relevant  regimes  while 

extending  GR to  handle  the  cosmological,  galactic-cluster,  and compact-

object regimes where standard GR alone is incomplete.

MATHEMATICAL  COMMITMENT:  Self-consistency  requires  the 

Bianchi identity ∇^μ G_μν = 0 to be preserved when Λ_eff varies in space 

and  time.  Paper  8  derives  the  resulting  self-consistency  constraint  ∇^μ 



T^sup_μν = (∂^μ A) T^bary_μν: the divergence is absorbed by the spatial 

gradient of the amplification factor A.

OBSERVATIONAL COMMITMENT: The equation reduces to standard 

GR in every limiting case where standard GR has been tested (solar-system 

tests, binary-pulsar timing, GW170817 c_T = c, etc.). Discriminating tests 

live  in  the  regimes  where  each  modification  is  non-trivial:  cosmological 

expansion  history  (Λ_eff),  galactic-cluster  lensing  and  rotation  curves  (f-

function), and compact-object interiors (QCD boundary).

P68: Key Conceptual Shift

The central conceptual shift of SCT: from “universe as object” (with 

particles, fields, dark matter / dark energy) to “universe as structure and 

geometry” (nested frames, collision sequences, gravitational superposition). 

Observables emerge from structural dynamics, not exotic substance.

EXPLANATION: ΛCDM treats the cosmos as a population of objects: 

baryons, photons, neutrinos, plus the inferred-but-undetected dark matter 

particle  and  the  unmeasured-and-unexplained  vacuum-energy  substance. 

SCT removes both inferred substances and replaces them with derivable 

consequences  of  nested-frame  structure.  Dark  matter  is  replaced  by 

gravitational  superposition  of  ordinary  baryons  in  coherent  comoving 

structures (P50-P54). Dark energy is replaced by mesh dissipation of the 

parent-frame  hierarchy  (P14-P19).  The  cosmological  constant  fine-tuning 

problem (120-orders-of-magnitude QFT vs. observation) dissolves because Λ 

is no longer a fundamental constant, it is an emergent ratio.

MATHEMATICAL COMMITMENT: Ontology:  substance → structure. 

Explanation:  particles  →  geometry.  The  95%  of  the  universe’s  energy 

density that ΛCDM attributes to dark sector (~26% dark matter + ~69% 



dark  energy)  is  reinterpreted  as  a  consequence  of  geometric  coherence 

among the visible 5%, propagated through the nested hierarchy.

OBSERVATIONAL COMMITMENT: Discriminating predictions appear 

in  every  domain  where  dark  matter  /  dark  energy  are  inferred,  direct-

detection experiments (LZ, XENONnT) returning null  at 5+ σ across the 

WIMP mass range is a corroborating signature, not a falsification. Detection 

of a compelling dark-matter particle would falsify P50-P54 + P68.

NOT this: NOT incremental modification of ΛCDM; this is a wholesale 

replacement of foundational assumptions of the kind Kuhn described.

P69: Unbounded Nested Hierarchy from Einstein Field Equations

An  unbounded  hierarchy  of  nested  comoving  frames  follows  from 

applying Einstein’s field equations, which contain no preferred length scale, 

to  an  unbounded  matter  distribution.  At  each  scale,  the  virial  theorem 

defines a characteristic  mass for gravitationally coherent structures,  and 

these masses form a discrete ladder because the virial condition produces a 

finite number of stable configurations per decade of mass.

EXPLANATION: GR’s field equations are scale-free: the same equation 

governs  solar-system  orbits,  galactic  dynamics,  cluster  dynamics,  and 

cosmological expansion. Applied to an unbounded matter distribution (P2 + 

P5), GR produces gravitationally coherent structures at every scale where 

the virial theorem 2K + U = 0 has stable solutions. The resulting hierarchy 

is  not  assumed;  it  is  derived.  The  discreteness  of  the  mass  ladder  is  a 

consequence of the finite number of stable virial equilibria per decade, not 

of an externally-imposed quantization.

MATHEMATICAL  COMMITMENT:  2K  +  U  =  0  (virial  condition 

applied at each hierarchy level). The characteristic mass at level n is set by 



the matter density and length scale at that level; successive levels related 

by gravitational clustering dynamics under GR.

OBSERVATIONAL  COMMITMENT:  The  observed  hierarchy  of 

structures (planetary systems → stars → galaxies → groups → clusters → 

superclusters → filaments → …) reflects this  discrete virial  ladder,  not  a 

continuous distribution. Empirical mass functions across decades of scale 

(initial mass function, halo mass function, cluster mass function) all show a 

power-law  shape  with  cutoffs  at  the  upper  end,  consistent  with  virial 

discreteness rather than scale-dependent statistical chance.

NOT this: Not postulated arbitrarily. Not a continuous distribution of 

masses. The hierarchy is a derived consequence of scale-free GR + virial 

stability.

 THEORETICAL CONSTRAINT STATEMENT 

All subsequent sections of this paper are constrained to derive 

consequences, make predictions, and propose observational tests using 

ONLY:

(I) The 69 premises stated above (P1-P69), and

(II) Standard General Relativity and Special Relativity as established 

physics.

EXPLICIT PROHIBITION ON SPECULATIVE PHYSICS:

No speculative mechanisms, undiscovered particles, or modifications 

to fundamental interactions beyond what P1-P69 explicitly require will be 

introduced. Specifically prohibited:

• New scalar, vector, or tensor fields beyond GR and SM (unless required 

by P1-P69) • Particles beyond the Standard Model (unless required by P1-



P69) • Extra spatial dimensions (unless required by P1-P69) • Modifications 

to quantum mechanics or special relativity local structure (unless required 

by P1-P69) • Anthropic reasoning or fine-tuning acceptance (SCT explains 

through geometry) • Ad hoc initial condition fine-tuning (collision cascade 

replaces singularity)

TREATMENT OF UNDERDETERMINED PROBLEMS:

Where mathematical derivations remain incomplete or observational data 

are insufficient, these gaps will be explicitly flagged with language such as:

• “REQUIRES DERIVATION:” [specific mathematical task] • “REQUIRES 

OBSERVATIONAL CONSTRAINT:” [specific measurement] • 

“MATHEMATICAL GAP:” [underdetermined quantity] • “DEGENERACY:” 

[non-unique solution]

Gaps will NOT be filled with speculative mechanisms or unjustified 

assumptions.

INTERNAL CONSISTENCY REQUIREMENTS:

All derived quantities must satisfy:

1. Einstein Field Equations: G_μν + Λ_eff g_μν = (8πG/c⁴) f[N,β] T_μν (with 

modifications specified in P17, P45, P56)

2. Energy-Momentum Conservation: ∇_μ T^μν = 0 in each frame α

3. Bianchi Identities: ∇_μ (G_μν + Λ_eff g_μν) = 0

4. Causality: No signal propagation exceeds c within local frame (P20)

5. Entropy Growth: dS_total/dt ≥ 0 across all collision stages

6. Mass-Energy Balance: Total energy in collision E_in = E_thermal + 

E_kinetic



• E_radiation + E_gravitational

VIABILITY CRITERIA:

SCT’s ultimate validation or refutation depends on satisfaction of three 

criteria:

• Mathematical Completeness: All claimed phenomena must be rigorously 

derivable from P1-P69 + GR/SR without logical gaps or hidden assumptions.

• Observational Adequacy: Derived predictions must match existing 

observations (CMB, LSS, BBN, H₀, etc.) within stated uncertainties and 

resolve identified ΛCDM tensions.

• Empirical Discrimination: Novel SCT predictions must permit 

observational tests that definitively distinguish SCT from ΛCDM and 

alternative models (modified gravity, varying constants, multiverse).

Failure to satisfy any of these three criteria falsifies SCT and requires either 

revision or abandonment of the theory.

SECTION III: GEOMETRIC STRUCTURE OF NESTED 

SPACETIME POCKETS

The geometric foundation of Successive Collision Theory rests on the 

application  of  General  Relativity’s  scale-invariant  field  equations  to  an 

eternal,  infinite  universe.  This  section  describes  the  hierarchical  nested 

structure  of  spacetime  pockets,  defines  the  mathematical  objects 

characterizing each pocket, establishes coordinate transformation protocols 

between  nested  frames,  and  identifies  consistency  requirements  with 

Einstein’s field equations and conservation laws.

III.A, NESTED POCKET HIERARCHY: DEFINITION AND STRUCTURE  

Conceptual Foundation (P7, P8, P11)



Premise  P7  establishes  that  gravitational  dynamics  proceed 

hierarchically  at  all  scales  through  “follow-the-leader”  gravitational 

clustering  governed  by  Einstein’s  scale-independent  field  equations. 

Premise P8 specifies that applying GR+SR to eternal infinite spacetime (P1-

P2) yields nested comoving frames rather than isolated bubble universes. 

Premise P11 defines each such comoving frame as a “pocket” of spacetime, 

a gravitationally  and kinematically  coherent  collection of  objects  sharing 

approximate collective motion.

Pocket Index Notation

We denote spacetime pockets by index α ∈ ℤ, where: • α = 0 designates our 

observable universe • α = -1, -2, -3, … designate smaller nested structures 

(galaxies, stars, planets, etc.) contained within our universe • α = +1, +2, 

+3, … designate larger nested structures (parent pocket, grandparent 

pocket, etc.) containing our universe

MATHEMATICAL COMMITMENT: The pocket index α must be well-

defined  by  specifying  boundary  criteria  in  phase  space.  A  pocket  α  is 

characterized by: • Characteristic radius R^(α), spatial extent of the pocket 

• Total mass M^(α) = ∫_V^(α) ρ d³x • Velocity dispersion σ_v^(α) = √⟨(v - 

v_CM)²⟩ • Gravitational binding energy U^(α) = -G ∫∫ ρ(x₁) ρ(x₂) / |x₁ - x₂| 

d³x₁ d³x₂

OBSERVATIONAL COMMITMENT: For our observable universe (α = 0): 

R^(0) ≈ 46.5 Gly (comoving particle horizon) M^(0) ≈ 10^{53} kg 

(observable matter content) σ_v^(0) ~ 300 km/s (large-scale velocity 

dispersion) U^(0) ~ -GM(0)²/R(0) ~ -10^{70} J



Parent pocket (α = +1) must satisfy R^(+1) >> R^(0), with quantitative 

scaling to be determined from observational constraints (bulk flows, CMB 

dipole).

Hierarchical Scaling Relations

From P7 (scale invariance of GR), pocket properties scale approximately as 

power laws across hierarchy levels:

R^(α+1) / R^(α) ≈ λ_R (radius scaling factor) M^(α+1) / M^(α) ≈ λ_M 

(mass scaling factor)

where λ_R and λ_M are dimensionless scaling parameters.

MATHEMATICAL REQUIREMENT: Consistency with observed hierarchy 

(Solar System → Galaxy → Local Group → Virgo Supercluster → …) requires: 

λ_R ~ 10³ to 10⁵ λ_M ~ 10⁹ to 10^{15}

These values must be derived from GR dynamics and observational 

constraints rather than assumed a priori.

GR CONSISTENCY CHECK REQUIRED: Demonstrate that hierarchical 

scaling emerges self-consistently from gravitational clustering dynamics 

governed by G_μν = (8πG/c⁴) T_μν without fine-tuning initial conditions.

 III.B, METRIC STRUCTURE WITHIN AND BETWEEN POCKETS  Local 

Metric Within Pocket α (P8, P13)

Each  pocket  α  is  characterized  by  a  metric  g_μν^(α)(x,  t)  that 

describes local  spacetime geometry.  For sufficiently small  regions within 

pocket α (much smaller than R^(α)), the metric can be approximated by a 

weak-field expansion around Minkowski spacetime:

g_μν^(α) = η_μν + h_μν^(α)



where η_μν = diag(-1, 1, 1, 1) is the Minkowski metric and h_μν^(α) 

represents gravitational perturbations satisfying |h_μν^(α)| << 1.

For regions comparable to or exceeding R^(α), full GR treatment is 

required.  The  most  general  spherically  symmetric  metric  describing  a 

pocket’s gravitational field is:

ds² = -[1 + 2Φ^(α)/c²] c² dt² + [1 - 2Φ^(α)/c²]^{-1} dr² + r² dΩ²

where Φ^(α)(r, t) is the Newtonian potential satisfying Poisson’s equation:

∇²Φ^(α) = 4πG ρ^(α)

MATHEMATICAL COMMITMENT: The metric g_μν^(α) must satisfy 

Einstein’s field equations within pocket α:

G_μν^(α) + Λ_eff^(α) g_μν^(α) = (8πG/c⁴) T_μν^(α)

where: • G_μν^(α) = R_μν^(α) - (1/2) R^(α) g_μν^(α) is the Einstein tensor 

• Λ_eff^(α) is the effective cosmological constant for pocket α (from P17) • 

T_μν^(α) is the stress-energy tensor for matter within pocket α

GR  CONSISTENCY  CHECK  REQUIRED:  Solutions  g_μν^(α)  must 

satisfy:  1.  Bianchi  identities:  ∇_μ  G^μν  =  0  2.  Energy-momentum 

conservation: ∇_μ T^μν = 0 3. Positive energy conditions where applicable 

4. Asymptotic flatness at large distances (r >> R^(α))

Coordinate Transformation Between Nested Pockets (P8, P9)

Objects  in  pocket  α move with collective  velocity  v^(α)  relative to 

parent pocket α+1. The transformation between pocket α rest frame and 

parent pocket α+1 rest frame involves:

1. Lorentz boost with velocity β^(α) = v^(α)/c

2. Gravitational redshift from potential difference between pockets



3. Spatial translation to align origins

Standard Lorentz transformation for velocity boost:

Λμ_ν(β(α)) = [γ^(α) -γ(α)β(α) 0 0 ] [-γ(α)β(α) γ^(α) 0 0 ] [0 0 1 0 ] [0 0 0 1 ]

where γ^(α) = 1/√(1 - β²^(α)) is the Lorentz factor.

Transformation of spacetime coordinates:

x^μ_(α+1) = Λμ_ν(β(α)) x^ν_(α) + b^μ

where b^μ represents spatial and temporal offsets.

Metric transformation:

g_μν^(α+1) = Λ^ρ_μ Λ^σ_ν g_ρσ^(α) × exp[2(Φ^(α+1) - Φ^(α))/c²]

The exponential factor accounts for gravitational time dilation between 

pockets (P9, P10).

MATHEMATICAL REQUIREMENT: Must derive explicit transformation law 

relating metrics across all pocket levels:

g_μν^(α+n) = T^(α→α+n)_μν[g_ρσ^(α), {β^(α+k)}, {Φ^(α+k)}]

where T is the composition of n successive Lorentz boosts and gravitational 

redshift factors.

CONSERVATION LAW CHECK REQUIRED: Energy-momentum 

conservation must hold in each frame independently: ∇^(α)_μ T^(α)μν = 0 

(conservation in frame α) ∇^(α+1)_μ T^(α+1)μν = 0 (conservation in frame 

α+1)

Transformations must preserve this local conservation.

 III.C, COLLECTIVE PROPERTIES OF POCKETS (P13) 

Premise  P13  specifies  that  each  pocket  possesses  approximate 

collective properties when viewed from its parent frame. These properties 



characterize the pocket as a single coherent entity and provide boundary 

conditions for field equations.

A) Rotation: Angular Momentum L^(α)

Total angular momentum of pocket α about its center of mass:

L^(α) = ∫_V^(α) r × (ρ v) d³x

where integration extends over pocket volume V^(α).

Average rotation rate: Ω^(α) = L^(α) / I^(α)

where I^(α) ≈ (2/5) M^(α) R^(α)² is moment of inertia (assuming 

approximately spherical mass distribution).

Rotation axis direction: n̂^(α) = L^(α) / |L^(α)|

OBSERVATIONAL COMMITMENT: For our observable universe (α = 0), any 

net rotation must be consistent with CMB observations: Ω^(0) < 10^{-9} 

rad/yr from dipole and quadrupole anisotropy constraints.

B) Orbital Motion Within Parent Frame

Pocket α moves within parent pocket α+1 along an orbital trajectory 

characterized by: • Orbital radius a^(α), semi-major axis • Eccentricity 

e^(α) • Orbital period T^(α) = 2π√(a³/GM^(α+1)) • Instantaneous velocity 

v^(α)(t) and acceleration a^(α)(t)

Orbital elements evolve due to: • Gravitational interactions with sibling 

pockets (P34, P51) • Orbital decay from gravitational radiation (P14) • 

Three-body and N-body perturbations

MATHEMATICAL REQUIREMENT: Orbital dynamics must be derivable 

from N-body gravitational equations:

d²x_i/dt² = -G Σ_{j≠i} m_j (x_i - x_j) / |x_i - x_j|³



for all pockets i, j at given hierarchical level.

CONSERVATION CHECK: Total energy and angular momentum of multi-

pocket system must be conserved in absence of external forces.

C) Center of Mass and Center of Gravity

Center of mass: X_CM^(α) = (1/M^(α)) ∫_V^(α) ρ(x) x d³x

Center of gravity (accounting for tidal forces): X_CG^(α) = (1/W^(α)) 

∫_V^(α) ρ(x) Φ^(α+1)(x) x d³x

where W^(α) = ∫ ρ Φ^(α+1) d³x is total gravitational weight in parent 

potential.

For extended pockets in non-uniform parent gravitational field, X_CG ≠ 

X_CM generically (tidal offset).

MATHEMATICAL REQUIREMENT: Tidal effects from parent pocket must be 

computed:

Tidal tensor: T_ij^(α) = ∂²Φ^(α+1)/∂x_i ∂x_j |_(X_CM)

Tidal forces cause differential acceleration across pocket α, potentially 

leading to: • Pocket elongation along tidal axis • Precession of rotation axis 

• Internal heating from tidal friction

D) Luminosity and Thermal Signature

Total electromagnetic luminosity: L_EM^(α) = ∫_V^(α) j_EM(x) d³x

where j_EM is local emissivity.

Thermal radiation from collision-heated plasma (P25, P29): L_thermal^(α) ∝ 

σ_SB T⁴ × A_surface^(α)

where σ_SB is Stefan-Boltzmann constant and A_surface ~ 4π R^(α)².



OBSERVATIONAL COMMITMENT: For α = 0 (our universe), thermal 

signature is the CMB: T_CMB^(0) ≈ 2.725 K L_thermal^(0) ~ σ_SB (2.725 

K)⁴ × 4π (46.5 Gly)² ≈ 10^{52} W

Parent pocket (α = +1) thermal signature must be computed from collision 

thermalization model (P29).

E) Gravitational Field Multipole Expansion

Gravitational potential exterior to pocket α (r > R^(α)):

Φ^(α)(r, θ, φ) = -GM^(α)/r × [1 + Σ_{ =1}^∞ Σ_{m=- }^{+ } (Rℓ ℓ ℓ (α)/r)  ℓ

Q_ m Y_ m(θ,φ)]ℓ ℓ

where: • Q_ m are multipole moments • Y_ m are spherical harmonics •  =ℓ ℓ ℓ  

1: dipole (measures offset of center of mass from origin) •  = 2: quadrupoleℓ  

(measures oblateness, tidal distortion) •  ≥ 3: higher multipoles (measure ℓ

detailed mass distribution)

MATHEMATICAL REQUIREMENT: Multipole moments must be computed 

from mass distribution:

Q_ m = ∫_V^(α) ρ(x) r^  Y_ m^*(θ,φ) d³xℓ ℓ ℓ

GR CONSISTENCY: In full GR (strong-field regime), multipole expansion 

must be replaced by exact solution to Einstein equations, e.g., Kerr metric 

for rotating pocket.

F) Magnetic Field

Collective magnetic field from moving charges and currents within pocket 

α:

B^(α)(x) = (μ₀/4π) ∫_V^(α) J(x’) × (x - x’)/|x - x’|³ d³x’

where J is current density.



For astrophysical pockets, magnetic field arises from: • Dynamo action in 

rotating plasma (stars, galaxies) • Primordial fields from collision (P25, P29) 

• Turbulent amplification during structure formation

OBSERVATIONAL COMMITMENT: Galactic magnetic fields B ~ μG 

observed; larger-scale (supercluster, cosmic web) fields predicted but not 

yet conclusively detected.

MATHEMATICAL GAP: Magnetic field generation and evolution during 

superluminal collision (P23, P25) requires detailed magnetohydrodynamic 

(MHD) simulation beyond current scope.

G) Electric Field

Net electric field arises if pocket has charge imbalance:

Q_net^(α) = ∫V^(α) (ρ+ - ρ_-) d³x

For quasi-neutral plasma (ρ_+ ≈ ρ_-), Q_net ~ 0, and electric fields are 

primarily local (within stars, accretion disks) rather than global.

OBSERVATIONAL COMMITMENT: Large-scale charge neutrality expected 

from plasma screening; deviations ΔQ/Q << 10^{-20} from observational 

bounds on cosmic charge asymmetry.

H) Evolving Center

Center of mass X_CM^(α)(t) evolves according to:

dX_CM^(α)/dt = V_CM^(α) = (1/M^(α)) ∫_V^(α) ρ(x) v(x) d³x

dV_CM^(α)/dt = (1/M^(α)) F_ext^(α)

where F_ext^(α) is total external force from parent pocket and siblings.

For isolated pocket in approximately uniform external field, V_CM ≈ 

constant (inertial motion). For pocket in non-uniform parent potential:



F_ext^(α) = -M^(α) ∇Φ^(α+1)|_(X_CM) + tidal corrections

MATHEMATICAL REQUIREMENT: Trajectory X_CM^(α)(t) must be solved 

from equations of motion in parent potential.

I) Acquired Spacetime Perception (P9, P10, P12)

The most fundamental collective property: each pocket possesses an 

“inherited” perception of space and time determined by the nested 

succession of parent pockets.

This is formalized through the hereditary proper-time function τ^(α), 

detailed in Section IV (Relativistic Inheritance). Key points:

• Proper time in pocket α depends on cumulative Lorentz factors and 

gravitational potentials from all parent pockets • Observers in pocket α 

measure time intervals and spatial distances using g_μν^(α), which encodes 

inheritance history • Cosmological redshift is produced by metric expansion 

(λ_obs/λ_emit = a_obs/a_emit); the proper-time differences between pockets 

(P10) provide a consistency reinterpretation within the expanding metric, 

not a replacement for it

MATHEMATICAL REQUIREMENT: Must derive τ^(α) from recursion 

relation:

τ^(α) = ∫ dτ^(α+1) × √(1 - β²^(α)) × exp[Φ^(α)/c²]

where integration extends over parent pocket history.

 III.D, BOUNDARY CONDITIONS AND POCKET INTERFACES 

Pocket Boundary Definition

The  boundary  ∂V^(α)  of  pocket  α  is  defined  operationally  by:  1. 

Gravitational  binding:  objects  within ∂V^(α)  are  gravitationally  bound to 

pocket α (total energy E < 0 in pocket rest frame) 2. Velocity coherence: 



velocity  dispersion  relative  to  pocket  center-of-mass  frame  satisfies  |v  - 

V_CM|  <  σ_v^(α)  3.  Phase-space  density:  objects  lie  within  contour  of 

constant phase-space density f(x, v) in (x, v) space

MATHEMATICAL  GAP:  Rigorous  definition  of  ∂V^(α)  requires 

specifying phase-space distribution function f(x, v, t) and threshold criteria. 

This  is  analogous to  defining “virial  radius”  or  “tidal  radius”  in  galactic 

dynamics, but extended to cosmological scales.

Interface Between Adjacent Pockets

At  interface  between  sibling  pockets  α  and  α’  (same  hierarchical 

level), three scenarios: 1. Well-separated pockets: |X_CM^(α) - X_CM^(α’)| 

>> R^(α) + R^(α’)|  → Pockets interact gravitationally  only;  no material 

overlap

2. Marginally overlapping: |X_CM^(α) - X_CM^(α’)| ~ R^(α) + R^(α’)| → 

Tidal forces significant; potential mass exchange

3. Colliding pockets: |X_CM^(α) - X_CM^(α’)| < R^(α) + R^(α’)| → Direct 

collision; thermalization and merger (P20-P41)

MATHEMATICAL REQUIREMENT: For colliding pockets, must solve 

coupled hydrodynamics + GR: • Continuity equation: ∂ρ/∂t + ∇·(ρv) = 0 • 

Euler equation: ∂v/∂t + (v·∇)v = -∇P/ρ - ∇Φ • Poisson equation: ∇²Φ = 4πGρ • 

Energy equation: ∂U/∂t + ∇·(U v) = -P ∇·v + heating/cooling

with appropriate boundary and initial conditions from collision geometry 

(P30-P32).

CONSERVATION CHECK: Total mass, energy, momentum, and angular 

momentum must be conserved across interface in absence of external 

forces.



 III.E, CONSISTENCY REQUIREMENTS AND MATHEMATICAL 

TASKS 

Required Mathematical Derivations

1. Hierarchical scaling relations (R(α+1)/R(α), M(α+1)/M(α), etc.) STATUS: Not 

yet derived; requires gravitational clustering simulations

2. Metric transformation law g_μν^(α+n) = T[g_μν^(α), parameters] 

STATUS: Formal structure established; explicit functional form requires 

calculation

3. Pocket boundary criteria in phase space STATUS: Conceptual definition 

given; rigorous mathematical specification required

4. Effective cosmological constant Λ_eff^(α) from P14-P19 STATUS: 

Deferred to Section VI (Dark Energy)

5. Tidal tensor effects on pocket structure and evolution STATUS: 

Formalism established; numerical solutions required for realistic 

configurations

Required GR Consistency Checks

1. Einstein equations satisfied within each pocket α CHECK: Solutions 

g_μν^(α) must satisfy G_μν^(α) + Λ_eff^(α) g_μν^(α) = (8πG/c⁴) T_μν^(α)

2. Bianchi identities hold: ∇_μ (G^μν + Λ_eff g^μν) = 0 CHECK: Automatic 

if G_μν computed correctly from g_μν; Λ_eff variation must be consistent

3. Energy-momentum conservation in each frame: ∇_μ T^μν = 0 CHECK: 

Must verify for matter distribution in each pocket

4. Positive energy conditions where applicable CHECK: Dominant energy 

condition (DEC), weak energy condition (WEC) must hold for ordinary 

matter; may be violated during exotic collision states (P37)



5. Asymptotic flatness at large distances CHECK: g_μν^(α) → η_μν as r → ∞ 

in each pocket’s frame

Required Conservation Law Checks

1. Local energy-momentum conservation in each pocket frame α

2. Angular momentum conservation during pocket interactions and 

collisions

3. Mass conservation (baryon number conservation) during thermalization

4. Charge conservation (if charge asymmetries present)

5. Entropy evolution during collisions: dS_total/dt ≥ 0 (addressed in Section 

V)

SECTION IV: GEOMETRIC STRUCTURE OF NESTED 

SPACETIME POCKETS

This  section  describes  the  geometric  framework  underlying 

Successive  Collision  Theory  using  standard  General  Relativity  concepts: 

worldlines, reference frames, proper time, and metric structure. We identify 

what  must  be  mathematically  proven  and  what  consistency  checks  are 

required.

SUBSECTION IV.1: DEFINING SPACETIME POCKETS

From Premises P7-P8, P11:

A spacetime pocket is a comoving frame, a collection of gravitationally 

bound or kinematically associated objects sharing approximate collective 

motion, considered as a spacetime region with shared metric properties.

FORMAL DEFINITION:



Let {x_i^μ(τ)} be worldlines of N objects (galaxies, stars, gas clouds) in 4D 

spacetime with coordinates x^μ = (ct, x, y, z).

Pocket α is defined as the set: α = {x_i^μ : |u_i^μ - ⟨u^μ⟩_α| < ε_v}

where: • u_i^μ = dx_i^μ/dτ_i is four-velocity of object i • ⟨u^μ⟩_α = (1/N) 

Σ_i u_i^μ is average four-velocity in pocket α • ε_v is velocity dispersion 

threshold (defines “comoving” criterion)

TIED TO PREMISES: • P7: Objects “follow the leader” → small velocity 

dispersion around leader’s motion defines pocket membership • P8: Nested 

frames emerge from GR applied to eternal infinite spacetime • P11: Each 

comoving frame treated as “pocket” of spacetime

MATHEMATICAL REQUIREMENTS:  Must specify ε_v criterion: - ⚠

Physical: ε_v ~ virial velocity v_virial = √(GM/R) for gravitationally bound 

systems - Kinematic: ε_v ~ 1σ velocity dispersion for kinematic groups

 Must define pocket boundaries: - Sharp boundary (ε_v threshold) or ⚠

smooth transition (weight function)? - Overlapping pockets allowed? 

(Objects can belong to multiple pockets at different scales)

 Must verify pocket definition is coordinate-independent (covariant): - u^μ⚠  

u_μ = -c² maintained for all objects - Pocket membership invariant under 

Lorentz transformations

SUBSECTION IV.2: NESTED SUCCESSION HIERARCHY

From Premises P7-P8, P10-P11:

Pockets organize hierarchically: smaller pockets nest within larger pockets, 

forming a succession extending from smallest gravitationally bound systems 

to arbitrarily large scales.

HIERARCHICAL STRUCTURE:



Define nesting relation: α ⊂ β (pocket α nested within pocket β) if: 1. 

Spatial containment: All objects in α lie within spatial extent of β 2. Velocity 

hierarchy:  ε_v(α)  <  ε_v(β)  (tighter  comoving  criterion  in  child)  3.  Scale 

hierarchy: R_α < R_β (α smaller than β)

Example hierarchy (our observable location): Solar System ⊂ Milky Way ⊂ 

Local Group ⊂ Virgo Supercluster ⊂ Laniakea ⊂ larger structure ⊂ … → ∞

POCKET DEPTH INDEX:

Define n_α = number of parent pockets above α in succession.

For  observational  convenience,  set  n  = 0  at  some reference  scale 

(e.g., our observable universe). Then: • n < 0: child pockets (galaxies, stars, 

planets within our observable universe) • n = 0: our observable universe 

pocket • n > 0: parent pockets (larger structures containing our observable 

universe)

TIED TO PREMISES: • P7: Scale-invariant follow-the-leader → nesting 

extends indefinitely • P8: Nested succession of larger and larger comoving 

frames • P10: Time inheritance through succession → depth n matters • P2-

P3: Infinite space → no maximum nesting level (n → ∞ allowed)

MATHEMATICAL REQUIREMENTS:  Must prove nesting relation is ⚠

transitive: If α ⊂ β and β ⊂ γ, then α ⊂ γ

 Must verify scale hierarchy consistency: R_α < R_β < R_γ for α ⊂ β ⊂ γ ⚠

M_α < M_β < M_γ (typically, with exceptions for compact objects)

 Must address infinite regress (P1-P3): - Is there a “root” pocket (n_max) ⚠

or does succession extend infinitely upward? - If infinite: do observables 

converge as n → ∞? - Answer from P2-P3: succession extends infinitely; 

observables must have well-defined statistical properties (P6)



CONSISTENCY CHECKS:  Verify nesting preserves causality: light cones ✓
don’t close  Verify hierarchical structure consistent with observed large-✓
scale structure (galaxy groups → clusters → superclusters → filaments)

SUBSECTION IV.3: METRIC STRUCTURE IN POCKETS

From Premises P8, P11:

Each pocket α has associated metric tensor g_μν^(α) describing spacetime 

geometry within that pocket.

METRIC ANSATZ:

For pocket α, the metric can be written (in appropriate coordinates):

g_μν^(α) = η_μν + h_μν^(α)

where: • η_μν = diag(-1, +1, +1, +1) is Minkowski metric (flat spacetime 

background per P6 at large scales) • h_μν^(α) represents curvature from 

matter/energy in pocket α and contributions from parent pockets

PERTURBATION STRUCTURE:

The perturbation h_μν^(α) includes: 1. Local curvature: h_μν^(local)

(α)  from matter  distribution within  α 2.  Parent  influence:  h_μν^(parent)

(β→α)  from  embedding  in  parent  pocket  β  3.  Sibling  influence: 

h_μν^(sibling)(α_i) from nearby sibling pockets (typically small)

Total: h_μν^(α) = h_μν^(local)(α) + h_μν^(parent)(β→α) + h_μν^(sibling)

(α_i) + …

TIED TO PREMISES: • P8: Nested frames → metric includes parent 

influence • P11: Each pocket is spacetime region → has metric • P6: Large-

scale limit → Minkowski (η_μν) • P13E: Each pocket has gravitational field → 

encoded in h_μν



MATHEMATICAL  REQUIREMENTS:   CRITICAL  DERIVATION⚠  

NEEDED (Section XV Tier 2): Must specify functional form of h_μν^(parent)

(β→α):  -  How does  parent  pocket  β’s  curvature,  matter  distribution,  and 

motion influence metric in child pocket α? - Is influence tidal (quadrupole 

field)? Monopole correction? Both? - How does influence scale with distance 

from parent center?

 Must solve Einstein field equations in pocket α: G_μν^(α) + Λ_eff^(α) ⚠

g_μν^(α) = (8πG/c⁴) F(T_μν^(α), M_bodies^(α))

where: - G_μν^(α) = Einstein tensor computed from g_μν^(α) - Λ_eff^(α) 

from P14-P17 (Tier 1 derivation required) - F(T_μν, M_bodies) from P40-P43 

(Tier 1 derivation required)

 Must verify weak-field limit: For h_μν  1: Einstein equations → Poisson ⚠ ≪

equation ∇² Φ = 4πG ρ (Newtonian gravity recovered)

CONSISTENCY CHECKS:  Signature: g_μν^(α) must have Lorentzian ✓
signature (-,+,+,+) everywhere  Regularity: g_μν^(α) must be smooth (C² ✓
or better) except at singularities (which P54 prevents)  Asymptotic ✓
flatness: lim(r→∞) g_μν^(α) → η_μν (far from matter)  Energy conditions: ✓
Which does T_μν^(α) satisfy? - Weak energy condition: T_μν u^μ u^ν ≥ 0 

for all timelike u^μ - Dominant energy condition: T_μν u^μ is non-spacelike 

- Strong energy condition: (T_μν - ½T g_μν) u^μ u^ν ≥ 0 Answer depends 

on whether Λ_eff and F(T_μν, M_bodies) preserve conditions

SUBSECTION IV.4: TRANSFORMATIONS BETWEEN 

POCKETS

From Premises P8, P9, P10, P12:



Observers  in  different  pockets  measure  different  proper  times  and 

spatial  intervals  due  to  relative  motion  and  gravitational  potentials. 

Transformations Λ^μ_ν(α→β) relate coordinates between pockets.

TRANSFORMATION TENSOR:

For pockets α nested in β, define transformation:

x^μ_(β) = Λ^μ_ν(α→β) x^ν_(α) + b^μ_(α→β)

where: • Λ^μ_ν(α→β) is 4×4 transformation matrix • b^μ_(α→β) is offset 

vector (centers of mass typically don’t coincide)

COMPONENTS OF Λ^μ_ν:

The transformation includes: 1. Lorentz boost: from relative velocity 

v_αβ between pocket centers 2. Spatial rotation: if pocket axes not aligned 

3. Gravitational redshift factor: from potential difference Δφ = φ_β - φ_α

Explicitly (to leading order):

Λ⁰_₀ = γ_αβ √(g₀₀^(β) / g₀₀^(α)) Λⁱ_ⱼ = R^i_j (rotation matrix) Λ⁰_ᵢ = -γ_αβ 

(v_αβ)^i / c Λⁱ_₀ = -γ_αβ (v_αβ)_i / c

where γ_αβ = 1/√(1 - v_αβ²/c²) is Lorentz factor.

TIED TO PREMISES: • P8: Nested frames → transformations connect them 

• P9: Each frame has own time/space perception → Λ^μ_ν needed • P10: 

Time is hereditary → Λ⁰_₀ component critical • P12: Individual velocities and 

potentials refine transformation

MATHEMATICAL REQUIREMENTS:  Must specify Λ^μ_ν(α→β) explicitly: ⚠

- Full functional form including gravitational contributions - How does 

g_μν^(α) and g_μν^(β) enter? - Weak-field approximation sufficient or need 

exact form?



 Must verify composition rule: Λ^μ_ν(α→γ) = Λ^μ_ρ(β→γ) Λ^ρ_ν(α→β) for ⚠

α ⊂ β ⊂ γ (Transformations compose associatively through succession)

 Must verify metric preservation or controlled modification: g_μν^(β) = ⚠

Λ^ρ_μ(α→β) Λ^σ_ν(α→β) g_ρσ^(α) + corrections What are corrections? 

(Parent influence h_μν^(parent))

 Must verify inverse exists: Λ^μ_ν(β→α) = [Λ^ν_μ(α→β)]^(-1)⚠

CONSISTENCY CHECKS:  Lorentz invariance preserved within each ✓
pocket  Four-velocity magnitude preserved: u^μ u_μ = -c² after ✓
transformation  Causality: timelike curves remain timelike, null remain ✓
null, spacelike remain spacelike  No closed timelike curves created by ✓
composition Λ(α→β→γ→…→α)

SUBSECTION IV.5: WORLDLINES AND GEODESICS IN 

NESTED GEOMETRY

From Premises P7, P12:

Objects follow geodesics (or nearly geodesics with local forces) in their local 

pocket metric g_μν^(α). “Follow-the-leader” means smaller objects 

approximately follow geodesics in the effective spacetime curved by larger 

objects.

GEODESIC EQUATION IN POCKET α:

d²x^μ/dτ² + Γ^μ_νρ(α) (dxν/dτ)(dxρ/dτ) = f^μ_external / m

where: • Γ^μ_νρ(α) are Christoffel symbols computed from g_μν^(α) • 

f^μ_external = non-gravitational forces (electromagnetic, pressure, etc.) • 

For “free-fall” objects: f^μ_external = 0 (pure geodesic motion)

LEADER-FOLLOWER DYNAMICS:



In pocket β containing leader mass M_leader and follower objects {m_i}: • 

Leader’s worldline x^μ_leader(τ) approximately defines pocket β’s 

trajectory • Follower geodesics in effective metric: g_μν^(eff) ≈ 

Schwarzschild metric of M_leader + tidal corrections • Followers orbit 

leader or stream toward it (gravitational attraction)

TIED TO PREMISES: • P7: Follow-the-leader process → smaller masses 

follow geodesics in leader’s field • P12: Individual trajectories through 

gravitational fields refine inherited time perception • P8: GR field equations 

govern at all scales

MATHEMATICAL REQUIREMENTS:  Must show “follow-the-leader” ⚠

emerges from geodesic equation: - Derive effective potential for followers in 

leader’s field - Show stable orbits exist (Kepler problem in GR) - Verify 

hierarchical stability: perturbations from parent pocket don’t disrupt child 

pocket structure

 Must compute Christoffel symbols: Γ^μ_νρ(α) = ½ g^μσ(α) [∂_ν g_σρ(α) ⚠

+ ∂_ρ g_νσ(α) - ∂_σ g_νρ(α)] from g_μν^(α) specified in Subsection IV.3

CONSISTENCY CHECKS:  Equivalence principle: freely falling observers ✓
in pocket α experience local inertial frames  Geodesic deviation: tidal ✓
forces from parent pocket appear as spacetime curvature in child pocket  ✓
Energy-momentum conservation along worldlines: ∇_μ T^μν = 0

SUBSECTION IV.6: POCKET BOUNDARIES AND 

TRANSITION REGIONS

From Premises P11, P8:

Pockets don’t have sharp boundaries. Transition regions exist where 

objects belong partially to pocket α and partially to parent β.



BOUNDARY CHARACTERIZATION:

Define pocket α’s core region: R_core(α) = region where ≥90% of α’s mass 

resides and velocity dispersion σ_v < ε_v

Define transition region: R_transition(α↔β) = region where objects have 

velocities intermediate between ⟨u^μ⟩_α and ⟨u^μ⟩_β

Example: Milky Way (α) embedded in Local Group (β): • Core: r < 30 kpc 

(Milky Way disk and halo) • Transition: 30 kpc < r < 500 kpc (Magellanic 

Stream, diffuse satellites) • Parent domain: r > 500 kpc (Local Group 

medium)

TIED TO PREMISES: • P11: Pockets are spacetime regions with 

approximate properties • P8: Nested frames blend smoothly (no 

discontinuities)

MATHEMATICAL REQUIREMENTS:  Must define membership function: ⚠

w_α(x^μ) = weight of object at x^μ belonging to pocket α Properties: 0 ≤ 

w_α ≤ 1, Σ_pockets w_α = 1 at each point

 Must show metric transitions smoothly: g_μν(x) blends from g_μν^(α) in ⚠

core to g_μν^(β) in parent No discontinuities in g_μν or derivatives ∂_ρ g_μν

CONSISTENCY CHECKS:  No singularities at boundaries (contrary to ✓
“bubble universe” models with domain walls)  Observable properties ✓
(density, velocity dispersion) vary smoothly across transitions

SUBSECTION IV.7: OBSERVABLE UNIVERSE AS POCKET 

AT SPECIFIC DEPTH

From Premises P3, P11, P24, P32, P47-P52:

Our observable universe (particle horizon ~46 Gly, comoving) is one pocket 

at specific nesting level n = n_obs in the infinite succession.



OBSERVATIONAL POCKET PROPERTIES:

Set n_obs = 0 for convenience. Then: • Pocket radius: R_obs ≈ 46 Gly 

(comoving horizon) • Mass: M_obs ≈ 10²³ M_  ≈ 2 × 10⁵³ kg (observable☉  

baryonic  +  inferred  “dark”  matter;  consistent  with  the  ~10⁵³  kg  value 

quoted  in  P11/P13,  expressed  here  in  solar  masses  for  one  consistent 

convention) • Velocity dispersion: σ_v(obs) ≈ 600 km/s (large-scale flows, 

Hubble flow residual) • Age: t_obs ≈ 13.8 Gyr (time since collision sequence 

creating this pocket, per P23-P24)

PARENT POCKET (n = +1):

Our parent pocket β contains: • Our observable universe α plus siblings 

(N_siblings per P32, P48-P52) • Estimated radius: R_parent ~ 10³ to 10⁵ 

R_obs (speculative, observationally inaccessible) • Estimated mass: 

M_parent ~ 10³ to 10⁵ M_obs

TIED TO PREMISES: • P24: Our Big Bang created infinitesimal patch 

relative to larger structure • P32: Siblings exist in same parent pocket • 

P47: Not created in isolation • P48-P52: Low probability of being unique; 

likely siblings and cousins

MATHEMATICAL REQUIREMENTS:  Must estimate parent pocket⚠  

properties  from observables:  -  CMB dipole  (v_CMB ≈  370  km/s)  →  our 

motion in  what  frame? Parent  pocket?  Grandparent?  -  Large-scale  flows 

(v_bulk ≈ 600 km/s toward Great Attractor) → parent motion signature? - 

CMB low-multipole alignments → parent frame rotation axis (P13A)?

 Must relate observables to pocket depth: - Redshift z as function of Δn = ⚠

n_source - n_obs (Section VIII) - Λ_eff dependence on n_obs (Section VII) - 

Anisotropies from parent frame properties (P63)



OBSERVATIONAL COMMITMENTS: • CMB rest frame defines approximate 

parent pocket frame • Large-scale structure alignments trace parent/sibling 

geometry (Section XII) • Hubble tension may reflect calibration differences 

between n-levels (Section VII)

SUBSECTION IV.8: GEOMETRY SUMMARY AND OPEN 

MATHEMATICAL TASKS

SUMMARY:

SCT’s  geometric  structure  consists  of:  1.  Spacetime  pockets: 

comoving  frames  with  shared  metric  properties  2.  Nested  succession: 

hierarchical  embedding  α  ⊂  β  ⊂  γ  ⊂  …  extending  infinitely  3.  Pocket 

metrics:  g_μν^(α)  =  η_μν  +  h_μν^(local)  +  h_μν^(parent)  +  …  4. 

Transformations:  Λ^μ_ν(α→β)  including  Lorentz  boost  +  gravitational 

redshift 5. Geodesic motion: follow-the-leader via GR equations 6. Smooth 

transitions: no sharp boundaries between pockets 7. Observable universe: 

one pocket at depth n_obs = 0

CRITICAL MATHEMATICAL TASKS (must complete for geometric 

foundation):

TIER  2,  POCKET  GEOMETRY  (Section  XV):  1.  Specify  g_μν^(α) 

including  parent  influence  h_μν^(parent)(β→α)  Dependencies:  Matter 

distribution T_μν^(α),  parent  properties  (M_β,  R_β,  v_β)  Output:  Explicit 

metric in suitable coordinates

2. Specify Λ^μ_ν(α→β) transformation tensor Dependencies: Relative 

velocity v_αβ, potential difference Δφ_αβ Output: 4×4 matrix with 

gravitational and kinematic components Verification: Composition rule, 

metric compatibility, inverse exists



3. Solve modified Einstein equations in pocket α: G_μν^(α) + Λ_eff^(α) 

g_μν^(α) = (8πG/c⁴) F(T_μν^(α), M_bodies^(α)) Dependencies: Λ_eff from 

P14-P17 (Tier 1), F from P40-P43 (Tier 1) Output: Self-consistent solution 

for g_μν^(α)

SECTION V: RELATIVISTIC INHERITANCE OF TIME AND 

SPACE PERCEPTION

This  section  derives  how  proper  time  and  spatial  measurement 

standards  propagate  through  the  nested  pocket  succession  via  Special 

Relativity’s  time  dilation  and  length  contraction  combined  with  General 

Relativity’s gravitational redshift. We show what is derivable from premises 

and identify gaps requiring mathematical completion.

SUBSECTION V.1: PROPER TIME IN A SINGLE POCKET

From Premises P9, P11:

Observers at rest in pocket α measure proper time τ_α along their 

worldlines according to the metric g_μν^(α) defined in Section IV.

STANDARD GR PROPER TIME:

For worldline x^μ(λ) in pocket α with metric g_μν^(α):

dτ_α = √(-g_μν^(α) dx^μ dx^ν)

For observer at rest in pocket α’s rest frame (dx^i = 0):

dτ_α = √(-g_00^(α)) dt

where t is coordinate time in pocket α.

GRAVITATIONAL TIME DILATION:

For weak-field metric g_00^(α) ≈ -(1 + 2Φ_α/c²):

dτ_α/dt = √(1 + 2Φ_α/c²) ≈ 1 + Φ_α/c²



where Φ_α < 0 is gravitational potential (negative for attractive gravity).

Observer deep in gravitational well (more negative Φ_α) experiences slower 

proper time relative to coordinate time.

TIED TO PREMISES: • P9: Each frame has own perception of time • P11: 

Each pocket has metric g_μν^(α) • Standard GR: No new physics

MATHEMATICAL STATUS:  DERIVABLE from GR given g_μν^(α)  ✓ ⚠

Requires g_μν^(α) from Section IV.3 (Tier 2 task)

SUBSECTION V.2: KINEMATIC TIME DILATION BETWEEN 

POCKETS

From Premises P9, P12:

Objects moving with velocity v relative to pocket α’s rest frame experience 

Special Relativity time dilation.

LORENTZ TIME DILATION:

For object moving with velocity v^i in pocket α:

dτ_moving/dτ_rest = 1/γ = √(1 - v²/c²)

where γ = 1/√(1 - v²/c²) is Lorentz factor.

Moving observer’s clock runs slower: dτ_moving < dτ_rest for v > 0.

POCKET-TO-POCKET KINEMATIC EFFECT:

Consider pocket α (child) moving with velocity v_αβ relative to pocket 

β (parent) rest frame. Observer at rest in α has velocity v_αβ in β’s frame:

dτ_α/dτ_β|_kinematic = √(1 - v_αβ²/c²)

TYPICAL VALUES:



• Solar System (α) moving in Milky Way (β): v_αβ ~ 220 km/s → γ ≈ 

1.0000003 → Δτ/τ ~ 10⁻⁷ (tiny effect)

• Galaxy (α) in cluster (β): v_αβ ~ 500-1000 km/s → γ ≈ 1.000001 to 

1.000006 → Δτ/τ ~ 10⁻⁶ to 10⁻⁵

• Cluster (α) in supercluster (β): v_αβ ~ 300-600 km/s → similar magnitude

CUMULATIVE EFFECT:

Through N nesting levels with velocities v_1, v_2, …, v_N:

dτ_child/dτ_root = ∏_{i=1}^N √(1 - v_i²/c²)

For small v_i  c:≪

ln(dτ_child/dτ_root) ≈ -½ Σ_i v_i²/c²

Even for N = 10 levels with v_i ~ 500 km/s: Δτ/τ ~ 10 × (500 km/s / c)² ~ 10 

× 10⁻⁶ ~ 10⁻⁵

TIED TO PREMISES: • P9: Motion through space slows motion through 

time (explicit SR citation) • P12: Individual velocities refine inherited time 

perception • Standard SR: No new physics

MATHEMATICAL STATUS:  DERIVABLE from SR given relative velocities ✓
v_αβ  Requires specification of v_αβ from pocket dynamics (Section IV.4)⚠

SUBSECTION V.3: GRAVITATIONAL TIME DILATION 

BETWEEN POCKETS

From Premises P9, P10, P12, P13E:

Observer in child pocket α sits deeper in parent pocket β’s gravitational 

potential well, experiencing additional gravitational time dilation beyond 

local effects.

GRAVITATIONAL REDSHIFT FACTOR:



For observer at gravitational potential Φ_α in pocket α and Φ_β in parent 

pocket β:

dτ_α/dτ_β|_gravitational = √(g_00(α)/g_00(β))

In weak-field limit: g_00^(α) ≈ -(1 + 2Φ_α/c²) g_00^(β) ≈ -(1 + 2Φ_β/c²)

Therefore: dτ_α/dτ_β|_gravitational ≈ √[(1 + 2Φ_α/c²)/(1 + 2Φ_β/c²)] ≈ 1 + 

(Φ_α - Φ_β)/c² = 1 + ΔΦ_αβ/c²

where ΔΦ_αβ = Φ_α - Φ_β is potential difference.

INTERPRETATION:

If child pocket α sits in deeper potential well (Φ_α more negative), then 

ΔΦ_αβ < 0 and dτ_α < dτ_β → time runs slower in child pocket.

CUMULATIVE GRAVITATIONAL EFFECT:

Through nested succession with potential differences ΔΦ_1, ΔΦ_2, …, ΔΦ_N:

dτ_child/dτ_root|_gravitational = ∏_i exp(ΔΦ_i/c²) ≈ exp(Σ_i ΔΦ_i/c²)

Total potential difference: ΔΦ_total = Σ_i ΔΦ_i

ESTIMATION:

For pocket at distance R from parent’s center of mass M_parent: Φ_pocket 

≈ -GM_parent/R

Potential difference between child at R_child and parent edge at R_parent: 

ΔΦ ≈ GM_parent(1/R_child - 1/R_parent)

Example: Observable universe (M_obs ~ 10²³ M_ , R_obs ~ 46 Gly) ☉

embedded at distance R ~ 1000 R_obs in parent pocket (M_parent ~ 10²⁶ 

M_ ):☉

ΔΦ ~ G(10²⁶ M_ )(1/1000 R_obs - 1/R_parent)☉

If R_parent  R_obs: ΔΦ ~ G(10²⁶ M_ )/(10³ × 46 Gly)≫ ☉



Converting: ΔΦ/c² ~ (G M_parent)/(c² R) ~ (Schwarzschild radius)/(2R) ~ 

(10²⁶ M_  × 3 km/M_ )/(2 × 10³ × 46 Gly) ~ (3×10²⁹ km)/(10² × 46 × 10⁹ ☉ ☉

ly × 10¹³ km/ly) ~ 10⁻⁸ to 10⁻⁷ (small effect per level)

Through N ~ 5-10 parent levels: cumulative ΔΦ_total/c² ~ 10⁻⁷ to 10⁻⁵

TIED TO PREMISES: • P9: Each frame has own time perception • P10: Time 

is hereditary, child inherits from parent modified by environment • P12: 

Trajectories through gravitational fields refine time • P13E: Each pocket 

has gravitational field • Standard GR: gravitational time dilation

MATHEMATICAL STATUS:  DERIVABLE from GR given g_μν^(α), ✓
g_μν^(β)  Requires pocket metrics from Section IV.3  Requires ⚠ ⚠

specification of pocket positions within parent (R_child/R_parent)

SUBSECTION V.4: HEREDITARY TIME, COMBINING 

EFFECTS

From Premise P10 (critical premise for time inheritance):

Time is hereditary: each pocket inherits base proper time from parent, 

modified by kinematic and gravitational effects.

COMBINED TIME DILATION FORMULA:

For pocket α nested in parent pocket β:

dτ_α/dτ_β = √(1 - v_αβ²/c²) × √[(1 + 2Φ_α/c²)/(1 + 2Φ_β/c²)]

Combining: dτ_α/dτ_β ≈ (1 - v_αβ²/2c²) × (1 + ΔΦ_αβ/c²) ≈ 1 - v_αβ²/2c² + 

ΔΦ_αβ/c² + O(v⁴/c⁴, v²Φ/c⁴)

Dropping higher-order terms:

dτ_α ≈ dτ_β [1 - v_αβ²/2c² + ΔΦ_αβ/c²]

RECURSIVE INHERITANCE:



For nested succession child → parent → grandparent → …:

dτ_child = dτ_parent [1 - v_child-parent²/2c² + ΔΦ_child-parent/c²]

dτ_parent = dτ_grandparent [1 - v_parent-grandparent²/2c² + ΔΦ_parent-

grandparent/c²]

…

Composing:

dτ_child = dτ_root × ∏_{i=1}^N [1 - v_i²/2c² + ΔΦ_i/c²]

For small corrections:

ln(dτ_child/dτ_root) ≈ Σ_{i=1}^N [-v_i²/2c² + ΔΦ_i/c²]

dτ_child/dτ_root ≈ exp[Σ_i (-v_i²/2c² + ΔΦ_i/c²)] ≈ 1 + Σ_i (-v_i²/2c² + 

ΔΦ_i/c²)

TIED TO PREMISES: • P10: Time is hereditary (CORE PREMISE for this 

section) • P9: Motion and gravity affect time (mechanism) • P12: Individual 

refinements compound through succession

MATHEMATICAL STATUS:  DERIVABLE in principle from SR + GR  ✓ ⚠

CRITICAL GAP: Functional form needs rigorous derivation  Must specify: ⚠

Does “hereditary time” mean more than just cumulative SR+GR effects?  ⚠

If additional effect beyond standard relativity: MUST SPECIFY and JUSTIFY 

from premises

SUBSECTION V.5: LORENTZ TRANSFORMATIONS 

THROUGH NESTED SUCCESSION

From Premises P8, P9, P10, P12:

When comparing observations between pockets that are NOT directly 

nested  (e.g.,  two  galaxies  in  different  galaxy  clusters),  Lorentz 



transformations cannot be applied directly. Instead, transformations must 

be composed through the nested succession by first identifying a common 

ancestor pocket.

CRITICAL MODIFICATION TO STANDARD SR PROTOCOL:

In standard Special Relativity between two inertial frames A and B: • Direct 

Lorentz transformation Λ(A→B) connects observations • Assumes flat 

spacetime and direct kinematic relationship

In Successive Collision Theory with nested pockets: • Pockets α and ω may 

not share direct nesting relationship • Transformations must traverse 

through succession hierarchy • REQUIRES: Identify lowest common 

ancestor pocket β

PATH-FINDING ALGORITHM:

To compare observations between pockets α and ω:

STEP 1: Identify lowest common ancestor pocket β - Trace α’s parent chain: 

α → parent₁(α) → parent₂(α) → … → β - Trace ω’s parent chain: ω → 

parent₁(ω) → parent₂(ω) → … → β - β is first pocket appearing in both chains

STEP 2: Compose transformations UP from α to β Λ(α→β) = Λ(parentₙ→β) ∘ 

… ∘ Λ(parent₁→β) ∘ Λ(α→parent₁)

STEP 3: Compose transformations DOWN from β to ω Λ(β→ω) = 

Λ(parent₁→ω)⁻¹ ∘ Λ(parent₂→ω)⁻¹ ∘ … ∘ Λ(parentₘ→ω)⁻¹

STEP 4: Complete transformation Λ(α→ω) = Λ(β→ω) ∘ Λ(α→β)

EXAMPLE:

Consider comparing time scales between: • α = Solar System (in Milky Way, 

in Local Group, in Virgo Supercluster) • ω = System in Andromeda (also in 

Local Group, in Virgo Supercluster)



Common ancestor β = Local Group (both are members)

Transformation chain: Solar System → Milky Way → Local Group → 

Andromeda → Target System

Λ(Solar→Target) = Λ(LG→Andromeda)⁻¹ ∘ Λ(Milky Way→LG) ∘ 

Λ(Solar→Milky Way)

Each component includes: • Lorentz boost from relative velocity • 

Gravitational redshift factor from potential difference • Spatial rotation if 

coordinate axes not aligned

MATHEMATICAL FORMULATION:

For pockets at depths n_α and n_ω in succession hierarchy, with common 

ancestor at depth n_β (where n_β < n_α and n_β < n_ω):

Λ^μ_ν(α→ω) = [∏_{i=n_ω}^{n_β+1} Λ^μ_ρ(i→i-1)] ∘ [∏_{j=n_α}^{n_β+1} 

Λ^ρ_ν(j→j-1)]⁻¹

This is NOT simply Λ(v_αω) where v_αω is relative velocity between α and 

ω.

WHY THIS MATTERS:

1. TIME SCALE COMPARISONS: When computing dτ_α/dτ_ω, cannot use 

direct formula. Must compute: dτ_α/dτ_ω = (dτ_α/dτ_β) × (dτ_β/dτ_ω) = 

(dτ_α/dτ_β) / (dτ_ω/dτ_β)

2. VELOCITY COMPOSITIONS: Velocities don’t add linearly. For pockets α 

→ β → ω: v_αω ≠ v_αβ + v_βω

Instead, relativistic velocity addition: v_αω = (v_αβ + v_βω)/(1 + v_αβ 

v_βω/c²)

But in curved spacetime with nested succession, even this is modified by 

gravitational contributions from intermediate pockets.



3. NON-COMMUTATIVITY OF BOOSTS: Successive Lorentz boosts in non-

parallel directions produce Wigner rotation: Λ(v₁) ∘ Λ(v₂) ≠ Λ(v₂) ∘ Λ(v₁) 

when v₁ not parallel to v₂

Cumulative rotation angle through succession: θ_Wigner = accumulated 

rotation from non-collinear velocity changes

This could produce OBSERVABLE ANISOTROPIES in redshift 

measurements if parent pocket velocities vary by direction (see P52).

4. PATH DEPENDENCE: Question: Does transformation Λ(α→ω) depend on 

which common ancestor β is chosen?

Answer: Should NOT depend (due to associativity of transformations), BUT: 

- Numerical precision issues in long chains - Possible systematic effects if 

pocket boundaries fuzzy (Section IV.6) - Requires verification: composition 

rule associative through all paths

TIED TO PREMISES: • P8: Nested succession of frames requires 

hierarchical transformations • P9: Time/space perception differs between 

pockets → transformations needed • P10: Time is hereditary through 

succession → must trace inheritance path • P12: Individual velocities and 

potentials → each link in chain matters

OBSERVATIONAL IMPLICATIONS:

1. REDSHIFT CALCULATIONS (Section VIII): For photon from source in 

pocket α to observer in pocket ω:

– Must trace photon path through succession hierarchy

– Accumulate redshift contributions from each pocket boundary crossing

– Cannot use simple z = v/c formula



2. VELOCITY MEASUREMENTS: Peculiar velocities of galaxies must 

account for:

– Parent frame motions (Local Group, Virgo, Laniakea, …)

– Inherited velocities through succession

– Gravitational contributions from all parent pockets along path

3. ANISOTROPY PREDICTIONS: If parent frame has bulk velocity v_parent 

in grandparent frame (P63):

– Sources at different angles experience different accumulated boosts

– Predicted dipole pattern in redshift-distance relation

– Testable with precision surveys

MATHEMATICAL STATUS:  ALGORITHM SPECIFIED: Path-finding ✓
through succession tree  COMPOSITION RULE STATED: Λ(α→ω) via ✓
common ancestor  REQUIRES VERIFICATION: - Associativity: ⚠

independent of path choice - Convergence: finite result for infinite 

succession (n_β → ∞) - Wigner rotation accumulation: observably 

significant?  REQUIRES FROM SECTION IV: - Explicit Λ^μ_ν(α→β) ⚠

functional form - Pocket hierarchy structure (parent relationships) - Velocity 

and potential data for each link

SUBSECTION V.6: SPATIAL MEASUREMENT 

INHERITANCE

From Premises P9 (length contraction), P12:

Just as time perception is inherited, spatial measurement standards are also 

modified through nested succession via SR length contraction and GR 

spatial curvature.



LORENTZ LENGTH CONTRACTION:

Object of rest length L₀ in pocket α, measured by observer in pocket β 

moving at velocity v_αβ:

L_measured = L₀ √(1 - v_αβ²/c²) = L₀/γ_αβ

Length contracts along direction of relative motion.

GRAVITATIONAL SPATIAL DISTORTION:

In curved spacetime with metric g_ij (spatial part):

dl² = g_ij dx^i dx^j

For Schwarzschild metric (example): g_rr = (1 - 2GM/rc²)⁻¹

Radial distances stretched near massive object.

CUMULATIVE SPATIAL EFFECT:

Through nested succession, spatial scales transform via:

dx^i_(child) = [Λ^i_j(parent→child)] dx^j_(parent) × [1 + curvature 

corrections]

Following path-finding algorithm from Subsection V.5, spatial 

measurements between non-nested pockets must also traverse common 

ancestor.

TIED TO PREMISES: • P9: Motion through space affects space perception 

(SR length contraction) • P12: Trajectories through gravitational fields 

refine space perception

MATHEMATICAL STATUS:  DERIVABLE from SR + GR transformations ✓ ⚠ 

Requires Λ^μ_ν(α→β) from Section IV.4  Less critical than time ⚠

inheritance for redshift (Section VIII focuses on time)



SUBSECTION V.7: CONNECTION TO COSMOLOGICAL 

REDSHIFT

From Premises P9, P10, P13I:

Cumulative proper time differences across nested pocket succession are the 

foundation for cosmological redshift in SCT.

PHOTON FREQUENCY AND TIME:

Photon frequency ν relates to proper time via:

ν = dφ/dτ

where φ is phase of electromagnetic wave.

For photon emitted in source pocket α with frequency ν_source (measured 

in α’s proper time τ_α) and received in observer pocket β with frequency 

ν_obs (measured in β’s proper time τ_β):

ν_obs/ν_source = dτ_α/dτ_β

Redshift defined as:

z = (ν_source - ν_obs)/ν_obs = ν_source/ν_obs - 1

Therefore:

1 + z = ν_source/ν_obs = dτ_β/dτ_α

INTERPRETATION:

If observer’s proper time runs faster than source’s (dτ_β > dτ_α), then 

photon is redshifted (z > 0).

From Subsection V.4: if source is in deeper nested pocket succession (more 

parent levels with cumulative time dilation), then dτ_source < dτ_observer 

→ z > 0.



CUMULATIVE REDSHIFT THROUGH SUCCESSION:

For photon traveling from source in pocket at depth n_source to observer at 

depth n_obs, passing through intermediate pockets:

1 + z_total = (dτ_obs/dτ_source)cumulative = ∏{i=n_source}

^{n_obs} (dτ_i+1/dτ_i)

From Subsection V.4:

1 + z_total ≈ exp[-Σ_i (v_i²/2c² - ΔΦ_i/c²)]

For n_obs > n_source (observer in shallower pocket succession): Σ_i ΔΦ_i < 

0 (cumulative deeper potential) Σ_i v_i²/2c² > 0 (cumulative kinematic)

Net effect depends on whether gravitational or kinematic dominates.

CRITICAL NOTE ON PATH TRACING:

Following Subsection V.5, redshift calculation between source in pocket α 

and observer in pocket ω requires:

1. Identify photon path through succession hierarchy

2. Determine common ancestor pocket β (or multiple ancestors if path 

complex)

3. Accumulate time dilation factors along path:

1 + z = (dτ_ω/dτ_β) / (dτ_α/dτ_β) = ∏(path β→ω) (dτ_i+1/dτ_i) / 

∏(path β→α) (dτ_j+1/dτ_j)

This is NOT simply a function of distance d, but depends on: • Specific 

pocket path through succession hierarchy • Velocities along each segment • 

Gravitational potentials at each pocket • Accumulated Wigner rotations 

(directional effects)



TIED TO PREMISES: • P10: Hereditary time differences → frequency shift • 

P13I: Acquired perception of space/time from parent succession (KEY for 

redshift) • P9: Mechanism via SR + GR

MATHEMATICAL STATUS:  CONNECTION ESTABLISHED between ✓
hereditary time and redshift  CRITICAL TIER 1 DERIVATION REQUIRED ⚠

(Section VIII): Must derive explicit z = f(n_source, n_obs, pocket 

parameters, path) Must show statistical emergence of Hubble law z ∝ d 

Must predict deviations from ΛCDM at high z

SUBSECTION V.8: OBSERVATIONAL CONSEQUENCES OF 

TIME INHERITANCE

From Premises P10, P13I:

If time perception is inherited through nested succession with cumulative 

modifications, several observational consequences follow:

CONSEQUENCE 1: REDSHIFT-DISTANCE RELATION

Deeper pockets (larger n) → slower proper time → larger redshift when 

observed from shallower pocket.

If distance d correlates with depth difference Δn = n_source - n_obs: z ∝ Δn 

∝ d (statistical Hubble law)

Derivation required (Section VIII).

CONSEQUENCE 2: CLOCK RATE VARIATIONS

Atomic clocks at different nesting levels would tick at different rates if 

compared directly.

GPS satellites already show this (gravitational + kinematic): Δτ/τ ~ 10⁻⁹ per 

day (corrected in GPS algorithms)



Extended to cosmic scales: Clocks in different galaxy clusters may have Δτ/τ 

~ 10⁻⁵ to 10⁻⁴ differences from different parent frame embeddings.

Currently unobservable (can’t synchronize clocks across Mpc scales), but 

principle established.

CONSEQUENCE 3: ANISOTROPIES FROM PARENT FRAME

If our observable universe has velocity v_obs relative to parent frame (P63), 

and different source directions correspond to different relative velocities in 

parent frame, then:

z(direction) varies with angle

Dipole anisotropy in redshift-distance relation: Δz/z ~ (v_obs/c) cos(θ) ~ 

10⁻³ × cos(θ)

for v_obs ~ 600 km/s (observed large-scale flow).

TESTABLE with future precision redshift surveys.

TIED TO PREMISES: • P10: Time is hereditary • P13I: Acquired time 

perception • P52: Our frame has velocity in parent frame

MATHEMATICAL STATUS:  QUALITATIVE predictions identified  ✓ ⚠

QUANTITATIVE predictions require Tier 1 derivations (Sections VII, VIII)

SUBSECTION V.9: CRITICAL GAPS AND DERIVATION 

REQUIREMENTS

WHAT WE HAVE DERIVED:

 Proper time in single pocket: dτ = √(-g_μν dx^μ dx^ν), STANDARD GR  ✓ ✓
Kinematic time dilation between pockets: factor √(1 - v²/c²), STANDARD SR 

 Gravitational time dilation between pockets: factor √(g_00✓ α/g_00β), 

STANDARD GR  Combined effect: dτ_α/dτ_β ≈ 1 - v²/2c² + ΔΦ/c², ✓



DERIVABLE from SR+GR  Connection to redshift: 1 + z = ✓
dτ_obs/dτ_source, STANDARD GR  Path-finding algorithm through ✓
succession tree (Subsection V.5)  Transformation composition via common✓  

ancestor

WHAT REQUIRES COMPLETION:

 TIER 2 DERIVATION (Section XV):⚠

HEREDITARY TIME FUNCTIONAL FORM

P10 states “time is hereditary” and “each pocket inherits base proper time 

from parent and passes refined version to child.”

Question: Is this MORE than cumulative SR+GR effects derived above, or IS 

IT EXACTLY the cumulative SR+GR?

Option A: Hereditary time = cumulative SR+GR (no new physics) Then: 

τ_child = τ_parent × [1 - v²/2c² + ΔΦ/c²] as derived Status:  COMPLETE ✓
(just standard relativity applied recursively)

Option B: Hereditary time includes additional effect beyond SR+GR Then: 

MUST SPECIFY what additional effect is MUST JUSTIFY from premises why 

SR+GR insufficient MUST DERIVE modified formula Status:  NOT ⚠

SPECIFIED, would require new physics (violates premise constraint “only 

GR+SR”)

RESOLUTION:  Adopt  Option  A  (hereditary  time  =  cumulative 

SR+GR).  P10’s  “hereditary”  language  describes  the  RECURSIVE 

APPLICATION of  standard  relativistic  effects  through nested  succession, 

not a new physical mechanism.

Action: Specify explicitly in Section XV that: τ_α(τ_β, v_αβ, ΔΦ_αβ) = τ_β × 

[1 - v_αβ²/2c² + ΔΦ_αβ/c²] is the COMPLETE functional form satisfying P10.



 TIER 1 DERIVATION (Section VIII, Redshift):⚠

Must derive z = f(n_source, n_obs, {v_i}, {ΔΦ_i}, pocket_path)

Given cumulative time dilation formula from above, must: 1. Integrate 

along photon path through nested pockets 2. Sum contributions from each 

pocket boundary crossing 3.  Account for path through common ancestor 

(Subsection V.5 algorithm) 4.  Show statistical  average yields Hubble-like 

relation z ≈ H₀ d/c 5. Identify deviations from ΛCDM (anisotropies, high-z 

departures)

This is CRITICAL for testability.

 VERIFICATION REQUIREMENTS (Section XV):⚠

TRANSFORMATION COMPOSITION ASSOCIATIVITY

Must prove that Λ(α→ω) is independent of path choice through succession 

tree: - For any two paths from α to ω through different common ancestors - 

Result should be identical (associativity of composition) - If path-dependent: 

physical meaning? (different light paths?)

WIGNER ROTATION ACCUMULATION

Must compute accumulated rotation from successive non-collinear boosts: - 

θ_total = Σ_i θ_Wigner(v_i, v_{i+1}, angle between) - Is this observably 

significant? (∼ 10⁻⁶ rad cumulative?) - Produces quadrupole anisotropy 

pattern?

CONVERGENCE FOR INFINITE SUCCESSION

For n_β → ∞ (common ancestor infinitely far up succession): - Does Λ(α→ω) 

converge to finite limit? - Does cumulative time dilation converge? - Physical 

interpretation if divergent

 REQUIRES FROM SECTION IV:⚠



• Pocket metrics g_μν^(α) • Transformation tensors Λ^μ_ν(α→β) • Relative 

velocities v_αβ from pocket dynamics • Potential differences ΔΦ_αβ from 

pocket gravitational fields • Hierarchical structure (parent-child 

relationships)

Without these, hereditary time formula incomplete.

SUBSECTION V.10: SUMMARY, RELATIVISTIC 

INHERITANCE

ESTABLISHED IN THIS SECTION:

 Proper time in each pocket governed by metric g_μν^(α) (standard GR)✓

 Time dilation between pockets combines SR kinematic (γ factor) and GR ✓
gravitational (√(g_00α/g_00β)) effects

 Hereditary time P10 realized as recursive application of SR+GR time ✓
dilation through nested succession:

dτ_child/dτ_parent = √(1 - v²/c²) × √(g_00child/g_00parent)

 Cumulative time differences through N nesting levels:✓

dτ_deepest/dτ_shallowest = exp[Σ_i (-v_i²/2c² + ΔΦ_i/c²)]

 Connection to redshift established: 1 + z = dτ_obs/dτ_source✓

 CRITICAL ADDITION: Lorentz transformations between non-nested ✓
pockets require path-finding through succession hierarchy via common 

ancestor (Subsection V.5)

• Cannot apply direct transformation between arbitrary pockets • Must 

compose transformations: α → parent → … → ancestor → … → ω • Produces 

accumulated effects: non-commutativity, Wigner rotation • Enables 

anisotropic predictions from parent frame velocity



 Observational predictions identified: - Redshift-distance relation from ✓
depth correlation - Anisotropies from parent frame velocity (P63) - Path-

dependent redshift effects - Possible clock rate variations (unobservable at 

current precision)

TIED TO PREMISES: • P9: Motion affects time (SR), gravity affects time 

(GR) • P10: Time is hereditary (recursive SR+GR) • P12: Individual 

velocities and potentials refine inheritance • P13I: Acquired time perception 

from parent succession • P8: Nested succession structure enables 

hierarchical transformations

CRITICAL DEPENDENCIES: • Section IV pocket geometry (g_μν, Λ^μ_ν, 

v_αβ, ΔΦ_αβ) • Section VIII redshift derivation (z from cumulative dτ along 

paths) • Section XV verification of transformation associativity and 

convergence

NO NEW PHYSICS INTRODUCED:  All formulas derive from standard SR ✓
and GR  “Hereditary time” is conceptual framework, not new equation  ✓ ✓
Path-finding algorithm is consequence of nested structure, not new physics 

 Novelty is in APPLICATION (recursive through infinite nested succession,✓  

with transformation composition via common ancestors), not in mechanism 

(which is standard relativity)

REMAINING TASKS:  Complete pocket geometry (Section IV Tier 2)  ⚠ ⚠

Derive explicit redshift formula (Section VIII Tier 1)  Verify transformation⚠  

composition properties (Section XV)  Specify pocket parameters from ⚠

observations

 SECTION IV: RELATIVISTIC INHERITANCE OF PROPER TIME AND 

SPACETIME PERCEPTION 



The nested hierarchy of spacetime pockets established in Section III 

creates  a  fundamental  consequence:  each  pocket  inherits  its  baseline 

proper-time behavior from its parent pocket and passes a refined version to 

its child objects. This section formalizes the mechanism of hereditary time 

transmission  (P10),  derives  the  mathematical  framework for  proper-time 

inheritance through Special and General Relativistic effects (P9, P12), and 

identifies critical derivations required to connect inherited proper time to 

observable cosmological redshift.

 IV.A, CONCEPTUAL FOUNDATION: TIME AS HEREDITARY (P9, P10, 

P12) 

Premise Foundation

P9 establishes that each comoving frame possesses a shared perception of 

time arising from Special Relativistic time dilation: objects moving together 

at velocity v relative to a parent frame experience the same time dilation 

factor γ = 1/√(1 - v²/c²), creating a common “clock rate” for that frame.

P10 introduces the hereditary principle: proper-time behavior propagates 

through the nested hierarchy like a recursive function, with each pocket 

inheriting a baseline from its parent and transmitting a modified version to 

its children.

P12 specifies the refinement mechanism: within a pocket, individual objects 

have local velocities and gravitational trajectories that further adjust the 

inherited proper-time baseline before passing it to child objects.

Operational Meaning

An  observer  in  pocket  α  experiences  time  flow  at  rate  dτ^(α)/dt 

determined by: 1. Cumulative Lorentz factors from all parent pockets (α+1, 

α+2,  α+3,  …)  2.  Cumulative  gravitational  redshift  from  all  parent 



gravitational potentials 3. Local refinements from motion and gravity within 

pocket α itself

This creates a proper-time “pedigree” where the observer’s clock rate 

encodes the entire history of nested frame motions and gravitational 

environments.

Connection to Observables

Hereditary proper-time differences between distant observers (in different 

pockets or at different depths in the hierarchy) manifest as cosmological 

redshift, replacing ΛCDM’s metric expansion interpretation with a proper-

time differential interpretation (detailed in Section VII).

 IV.B, SPECIAL RELATIVISTIC TIME DILATION ACROSS NESTED 

SUCCESSION 

Single-Level Time Dilation (P9)

Consider observer in pocket α moving at  velocity v^(α) relative to 

parent pocket α+1. Standard SR time dilation:

dτ^(α) = dτ^(α+1) √(1 - v²^(α)/c²) = dτ^(α+1) / γ^(α)

where: • dτ^(α) is proper time interval measured by observer in pocket α • 

dτ^(α+1) is proper time interval measured by observer at rest in pocket 

α+1 • γ^(α) = 1/√(1 - β²^(α)) with β^(α) = v^(α)/c is Lorentz factor

DERIVATION  FROM  SR:  Direct  consequence  of  Lorentz 

transformation invariance of spacetime interval ds² = -c²dt² + dx² + dy² + 

dz². For observer moving at velocity v in x-direction:

ds² = -c²dt’² = -c²dt² + v²dt² = -c²dt² (1 - v²/c²)

→ dt’ = dt √(1 - v²/c²) = dt / γ

This is standard SR; no new physics invoked.



Multi-Level Cumulative Time Dilation (P10)

For observer in pocket α embedded within succession α+1, α+2, α+3, …, 

proper time accumulates through recursive application:

dτ^(α) = dτ^(α+1) / γ^(α) dτ^(α+1) = dτ^(α+2) / γ^(α+1) dτ^(α+2) = 

dτ^(α+3) / γ^(α+2) …

Composing these relations:

dτ^(α) = dτ^(α+n) × ∏_{k=0}^{n-1} [1 / γ^(α+k)]

 = dτ^(α+n) × ∏_{k=0}^{n-1} √(1 - β²^(α+k))

This shows proper-time ratio between pocket α and distant ancestor pocket 

α+n depends on product of all intermediate Lorentz factors.

MATHEMATICAL COMMITMENT: The infinite product ∏_{k=0}^{∞} 

√(1 - β²^(α+k)) must converge for hereditary time to be well-defined. This 

requires:

Σ_{k=0}^{∞} β²^(α+k) < ∞

Physically reasonable if relative velocities decrease at higher hierarchical 

levels (β^(α+k) → 0 as k → ∞), consistent with large-scale homogeneity (P6).

DERIVABILITY REQUIREMENT: Must prove convergence from hierarchical 

dynamics and verify consistency with observed velocity dispersions at 

different scales.

Velocity Composition Across Levels

Relativistic velocity addition for successive frames:

v_total = (v₁ + v₂) / (1 + v₁v₂/c²)

For small velocities (v << c), approximately additive: v_total ≈ v₁ + v₂

For large velocities approaching c, saturates at c due to denominator.



In nested succession with N levels, total relative velocity between innermost 

and outermost frame:

v_rel(α, α+N) = v^(α) ⊕ v^(α+1) ⊕ … ⊕ v^(α+N-1)

where ⊕ denotes relativistic velocity addition.

MATHEMATICAL REQUIREMENT: Must compute cumulative velocity 

composition and verify that it remains subluminal for all locally accelerated 

objects (P20), while permitting superluminal relative velocities between 

independently formed pockets (P21).

 IV.C, GRAVITATIONAL TIME DILATION ACROSS NESTED 

SUCCESSION 

Single-Potential Gravitational Redshift

Observer in gravitational potential Φ^(α) experiences gravitational time 

dilation relative to observer at infinity (or in weaker potential):

dτ_grav = dt √(g_00) ≈ dt √(1 + 2Φ/c²) ≈ dt (1 + Φ/c²)

where g_00 = -(1 + 2Φ/c²) is time-time component of metric in weak-field 

limit.

For observer deep in potential well Φ < 0 (negative potential), proper time 

runs slower: dτ < dt.

DERIVATION FROM GR: Schwarzschild metric for spherically symmetric 

mass M:

ds² = -(1 - 2GM/rc²) c²dt² + (1 - 2GM/rc²)^{-1} dr² + r²dΩ²

At fixed spatial position (dr = dΩ = 0), proper time element:

dτ = √(g_00) dt = √(1 - 2GM/rc²) dt

For r >> r_s (Schwarzschild radius), weak-field approximation:



Φ = -GM/r → dτ ≈ (1 + Φ/c²) dt

Standard GR result; no new physics.

Multi-Potential Cumulative Gravitational Redshift (P10, P13)

Observer  in  pocket  α  experiences  gravitational  potentials  from:  1. 

Local  potential  Φ_local^(α)  within pocket α 2.  Parent potential  Φ^(α+1) 

from parent  pocket  3.  Grandparent potential  Φ^(α+2) from grandparent 

pocket 4. All higher-level potentials Φ^(α+3), Φ^(α+4), …

Total gravitational time dilation (weak-field limit):

dτ_grav^(α) ≈ dt [1 + Φ_total^(α)/c²]

where:

Φ_total^(α) = Φ_local^(α) + Φ^(α+1) + Φ^(α+2) + … = Σ_{k=α}^{∞} 

Φ^(k)

MATHEMATICAL  COMMITMENT:  The  infinite  sum  Σ_{k=α}^{∞} 

Φ^(k)  must  converge.  Physical  expectation:  gravitational  potential  from 

distant pockets decreases as Φ^(k) ∝ -GM(k)/r(k), and if pocket separations 

grow faster than masses, convergence is ensured.

DERIVABILITY REQUIREMENT: Must prove convergence from hierarchical 

structure (scaling relations from Section III) and verify that total potential 

remains finite.

Combination: SR + GR Time Dilation

Combining Special Relativistic velocity-induced time dilation and General 

Relativistic gravitational time dilation:

dτ^(α) = dt × [kinematic factor] × [gravitational factor]

  = dt × √(1 - v²_total/c²) × (1 + Φ_total/c²)



where: • v_total is cumulative velocity from all parent motions • Φ_total is 

cumulative gravitational potential from all parent structures

More precisely, for observer in pocket α:

dτ^(α) = dτ^(α+n) × ∏_{k=0}^{n-1} √(1 - β²^(α+k)) × exp[Σ_{k=α}

^{α+n-1} Φ^(k)/c²]

Taking n → ∞ (comparing to “absolute rest” at infinite hierarchical 

distance):

dτ^(α) = dτ_∞ × [∏_{k=0}^{∞} √(1 - β²^(α+k))] × exp[Σ_{k=α}^{∞} 

Φ^(k)/c²]

MATHEMATICAL REQUIREMENT: Both infinite product and infinite sum 

must converge for hereditary proper time to be well-defined.

 IV.D, LOCAL REFINEMENTS WITHIN POCKET (P12) 

Individual Object Trajectories

Premise P12 specifies that objects within pocket α possess individual 

velocities v_local and gravitational trajectories that refine the inherited 

baseline proper time before transmission to child objects.

Observer  at  position  x  within  pocket  α  experiences:  1.  Inherited 

baseline  τ_inherited^(α)  from  parent  succession  (Section  IV.B,  IV.C)  2. 

Local velocity correction from motion relative to pocket center-of-mass 3. 

Local gravitational correction from pocket’s own gravitational field

Total proper time:

dτ_observer = dτ_inherited^(α) × √(1 - v²_local/c²) × (1 + Φ_local(x)/c²)

where: • v_local = |v_observer - V_CM^(α)| is velocity relative to pocket 

rest frame • Φ_local(x) is gravitational potential at observer position x 

within pocket α



Time Differential Across Pocket

Two observers at different positions x₁, x₂ within same pocket α experience 

proper-time differential:

Δτ / τ ≈ [v₁² - v₂²] / (2c²) + [Φ(x₁) - Φ(x₂)] / c²

For observers in different gravitational environments (e.g., surface of galaxy 

vs intergalactic void):

ΔΦ ~ GM_galaxy / R_galaxy ~ 10^{-6} c²

→ Δτ / τ ~ 10^{-6}

This is small but measurable over cosmological timescales (billions of 

years).

OBSERVATIONAL COMMITMENT: Differential proper-time accumulation 

across large-scale structure could contribute to observed redshift scatter 

and peculiar velocities beyond simple Hubble flow.

Transmission to Child Objects

When observer forms child pocket (e.g., star system forms within galaxy), 

the child inherits observer’s refined proper time as its new baseline:

τ_baseline^(α-1) = τ_observer^(α)

Child pocket then applies its own local refinements:

τ^(α-1) = τ_baseline^(α-1) × [local corrections for pocket α-1]

This creates multi-generational proper-time pedigree encoding entire 

ancestry of nested motions and gravitational environments.

 IV.E, MATHEMATICAL FORMALISM: PROPER-TIME RECURSION 

RELATION 

General Recursion Formula (P10)



Combining all effects (SR velocity, GR gravity, local refinements), proper-

time relation between pocket α and parent α+1:

dτ^(α) = dτ^(α+1) × K^(α)

where K^(α) is total modification factor:

K^(α) = √(1 - β²^(α)) × exp[Φ^(α)/c²] × [1 + local corrections]

For pocket embedded n levels deep:

dτ^(α) = dτ^(α+n) × ∏_{k=0}^{n-1} K^(α+k)

Differential Form

Converting to differential equation for proper time as function of 

hierarchical depth:

dτ^(α) / dτ^(α+1) = K^(α)

Taking logarithm:

d ln τ^(α) / dα = ln K^(α)

If K^(α) varies slowly with α, can approximate:

τ^(α) ≈ τ^(α+n) × exp[∫_{α}^{α+n} ln K(α’) dα’]

MATHEMATICAL REQUIREMENT: Must specify functional form K(α) 

from  hierarchical  dynamics.  This  requires:  1.  Velocity  distribution  β(α) 

across  hierarchy  2.  Gravitational  potential  distribution  Φ(α)  across 

hierarchy 3. Pocket spacing and mass scaling relations

DERIVABILITY  GAP:  Explicit  functional  forms  β(α),  Φ(α)  must  be 

derived  from  N-body  gravitational  dynamics  and  large-scale  structure 

formation. This is a major outstanding calculation.

 IV.F, INHERITED QUANTITIES BEYOND PROPER TIME 



While  proper  time  is  the  primary  inherited  quantity  (P10),  P13 

specifies that pockets inherit entire “perception of space and time” from 

parent succession. This includes:

1. Spatial Metric Inheritance

Spatial distances measured in pocket α depend on inherited metric from 

parent:

d _measured^(α) = √(g_ij^(α) dx^i dx^j)ℓ

where spatial metric components g_ij^(α) are influenced by parent frame 

motion (length contraction) and parent gravitational field (spatial 

curvature).

Lorentz contraction from parent motion:

_parallel = _rest / γ^(α) (along direction of motion) _perpendicular = ℓ ℓ ℓ

_rest (perpendicular to motion)ℓ

DERIVABILITY REQUIREMENT: Must derive full spatial metric g_ij^(α) 

from parent frame transformations and gravitational fields.

2. Light-Cone Structure Inheritance

The causal light-cone structure (which events can influence which others) is 

determined by metric g_μν^(α), which is inherited from parent frames.

Null geodesics (light paths) satisfy:

ds² = g_μν^(α) dx^μ dx^ν = 0

Light-cone opening angle and propagation speed in local coordinates 

depend on inherited metric structure.

GR CONSISTENCY REQUIREMENT: Null geodesics must be continuous 

across pocket boundaries; no causality violations permitted.



3. Angular Momentum Orientation

Preferred axes and orientations (e.g., rotation axes, orbital planes) in pocket 

α may inherit alignment from parent pocket structure (P13A).

Observed large-scale alignment of galaxy spins and filament orientations 

could reflect this inheritance.

OBSERVATIONAL COMMITMENT: Statistical alignment of structures 

across large scales testable through galaxy shape correlations, cosmic web 

topology, and CMB anisotropy patterns.

4. Electromagnetic Environment

Magnetic and electric field configurations (P13F, P13G) may be partially 

inherited from parent pocket fields, then modified by local dynamics.

Primordial magnetic fields in our universe could have originated from 

parent pocket fields, amplified during collision (P25).

MATHEMATICAL GAP: Transformation of EM fields across nested frames 

requires full relativistic treatment; explicit derivation not yet completed.

 IV.G, CONNECTION TO OBSERVATIONAL COSMOLOGY 

Redshift from Hereditary Time (Preview of Section VII)

Two observers at different positions or depths in nested hierarchy measure 

different proper-time intervals for same physical process (e.g., atomic 

transition).

Redshift parameter z defined by:

1 + z = λ_observed / λ_emitted = ν_emitted / ν_observed

If photon emitted at time t_emit by source with proper-time rate dτ_source 

and observed at time t_obs by observer with proper-time rate dτ_obs, then:



1 + z = (dτ_obs / dt) / (dτ_source / dt) = dτ_obs / dτ_source

From hereditary time framework:

1 + z = [∏ K_obs] / [∏ K_source]

where products extend over all nested frames influencing observer vs 

source.

DERIVABILITY REQUIREMENT: Must show that statistical distribution of 

(∏ K_obs) / (∏ K_source) over cosmological distances produces Hubble-like 

linear relation z ∝ d for nearby sources (Section VII).

CMB Temperature Variations

Hereditary proper-time differences across sky create temperature 

anisotropies in CMB:

ΔT / T ≈ Δτ / τ ~ [Δv² / c² + ΔΦ / c²]

Dipole anisotropy: ΔT/T ~ 10^{-3} from our motion relative to parent frame 

(P54) Higher multipoles: ΔT/T ~ 10^{-5} from density perturbations and 

peculiar velocities

OBSERVATIONAL COMMITMENT: Predicted anisotropy pattern must 

match Planck CMB observations; deviations would falsify SCT’s hereditary 

time framework.

 IV.H, REQUIRED DERIVATIONS AND CONSISTENCY CHECKS 

Required Mathematical Derivations

1. Convergence of infinite products and sums TASK: Prove that ∏{k=0}

^{∞} √(1 - β²^(k)) and Σ{k=0}^{∞} Φ^(k) converge STATUS: Not yet 

proven; requires hierarchical velocity and potential scaling



2. Functional form K(α) TASK: Derive explicit K(α) = √(1 - β²(α)) 

exp[Φ(α)/c²] from dynamics STATUS: Requires solving for β(α), Φ(α) from N-

body simulations

3. Proper-time recursion solution TASK: Solve τ^(α) = τ^(α+n) ∏ K^(k) for 

arbitrary n, α STATUS: Formal structure established; explicit solution 

requires K(α)

4. Spatial metric g_ij^(α) TASK: Derive full 3-metric from parent frame 

transformations STATUS: Lorentz transformation structure known; 

gravitational corrections require calculation

5. Redshift-distance relation z(d) TASK: Derive Hubble law z ∝ d from 

statistical distribution of τ ratios STATUS: Deferred to Section VII; major 

outstanding derivation

Required GR/SR Consistency Checks

1. Lorentz invariance preservation CHECK: Verify that proper-time 

transformations preserve spacetime interval ds²

2. Einstein equations satisfied CHECK: Metrics g_μν^(α) must satisfy G_μν 

+ Λ_eff g_μν = (8πG/c⁴) T_μν in each frame

3. Causality preservation CHECK: Light-cone structure must be consistent 

across all frames; no closed timelike curves

4. Energy-momentum conservation CHECK: ∇_μ T^μν = 0 must hold in 

each pocket frame

5. Clock synchronization protocol CHECK: Operational definition of 

“simultaneous” events must be consistent with inherited proper time

Required Observational Consistency Checks



1. CMB dipole amplitude Our velocity relative to parent frame must match 

observed dipole ΔT/T ≈ 3.36 × 10^{-3}

2. Local Hubble flow Predicted τ(z) relation must reproduce H₀ ≈ 67-73 

km/s/Mpc

3. Gravitational time dilation tests GPS satellites, pulsar timing, 

gravitational redshift experiments must be consistent with GR predictions

4. Large-scale velocity dispersions Predicted β(α) distribution must match 

observed bulk flows and peculiar velocities

 SECTION V: SUCCESSIVE SUPERLUMINAL COLLISIONS: 

REPLACING THE HOT DENSE ORIGIN 

The Lambda-CDM model attributes the hot dense early universe to 

backward  extrapolation  from  an  initial  singularity  at  t  =  0,  requiring 

unverified  quantum  gravity  and  fine-tuned  initial  conditions.  Successive 

Collision Theory replaces this singular origin with a cascade of superluminal 

collisions  between  pre-existing  nested  spacetime  pockets  (P20-P41), 

producing the hot dense plasma through shock thermalization of existing 

matter rather than creation ex nihilo. This section formalizes the collision 

mechanism,  analyzes  energy  and  entropy  budgets,  identifies  curvature 

evolution  requirements,  and  specifies  mathematical  tasks  needed  for 

quantitative predictions.

 V.A, CONCEPTUAL FOUNDATION: SUPERLUMINAL COLLISIONS 

WITHOUT SR VIOLATION 

Local vs Global Speed-of-Light Constraint (P20, P21, P22)

Premise P20 establishes that Special Relativity constrains local 

acceleration: objects accelerated from rest within our nested succession 

cannot exceed c.



Premise P21 specifies that SR does NOT constrain relative velocities 

between independently formed immense pockets whose scales exceed ours 

by factors ~10⁴-10⁵. Two such pockets can have relative velocity v_rel > c 

without violating SR locally within either pocket.

Premise P22 confirms that no physical laws are violated when two nested 

structures intersect with v_rel > 2c.

Physical Justification from GR

In  General  Relativity,  the  speed-of-light  constraint  applies  to  local 

measurement  within  a  single  coordinate  patch.  Two  distant  objects  in 

different  coordinate  patches  can  have  coordinate  velocities  exceeding  c 

without causality violation.

Consider two pockets A and B,  each with proper metric  g_μν^(A), 

g_μν^(B).  Within  pocket  A,  all  locally  measured  velocities  satisfy  v  < 

c. Within pocket B, all locally measured velocities satisfy v < c. However, 

the relative velocity between pockets’ centers of mass, v_rel = |v_A - v_B|, 

can exceed c because:

1. v_A and v_B are measured in different local frames

2. No signal propagates from A to B faster than c in any local frame

3. Causality is preserved: light cones remain timelike in each pocket’s 

metric

This is analogous to cosmological horizons in ΛCDM: distant galaxies recede 

faster than c due to metric expansion, yet SR is not violated locally.

GR  CONSISTENCY  REQUIREMENT:  Must  verify  that  collision 

geometry preserves local light-cone structure in each pocket independently. 

No closed timelike curves or causality violations permitted.



Collision Kinematics (P23)

Premise P23 allows collision velocities far exceeding 2c (potentially 3c, 7c, 

42c, 67c), creating extreme kinetic energy regimes:

E_kinetic = (1/2) M_pocket v_rel²

For M_pocket ~ 10^{53} kg (mass of observable universe) and v_rel ~ 10c:

E_kinetic ~ (1/2) × 10^{53} kg × (10 × 3×10⁸ m/s)² ~ 5 × 10^{70} J ~ 10³ 

× (M_pocket c²)

Collision energy exceeds rest-mass energy by factors 10³ or more, creating 

energy densities:

ε_collision ~ E_kinetic / V_collision ~ 10^{70} J / (10⁶⁸ m³) ~ 10² J/m³

This corresponds to temperatures (via ε ~ a_radiation T⁴):

T_collision ~ (ε / a_radiation)^{1/4} ~ 10^{30} K

Such temperatures vastly exceed QCD phase transition (~10^{12} K) and 

electroweak symmetry breaking (~10^{15} K), creating quark-gluon 

plasma and exotic hadron states (P37).

MATHEMATICAL REQUIREMENT: Must compute collision energy 

deposition, shock heating, and thermalization timescales from 

hydrodynamic shock equations.

 V.B, COLLISION SEQUENCE AND THERMALIZATION (P24-P29, 

P35-P40) 

Multi-Stage Collision Cascade (P29, P35, P36)

Premise P29 specifies that multiple collisions with similar kinetic energies 

create our observable universe: • First collision: pockets A and B intersect 

at v_rel(1) > c • Second collision: debris from stage 1 collides with pocket C 



at v_rel(2) > c • Third collision: further intersections at v_rel(3) > c • N-th 

collision: eventually v_rel(N) < c as system dissipates energy

Premise P35 confirms early stages (1, 2, 3, possibly 4) are superluminal 

before slowing.

Premise P36 introduces observational degeneracy: we may be observing 

results of 4th, 5th, or 6th collision stage, not necessarily the first.

Energy Distribution Across Stages

For comparable kinetic energies E_kinetic(n) ≈ E_kinetic(n-1), total energy 

deposited:

E_total = Σ_{n=1}^{N} E_kinetic(n) ≈ N × E_kinetic(1)

Distributed over volume V_thermalized ~ (few × R_pocket)³, this creates 

approximately homogeneous energy density:

ε_avg ~ N × E_kinetic / V_thermalized

Small-scale inhomogeneities arise from random collision geometry (impact 

parameters, orientations), producing density fluctuations:

δρ / ρ ~ geometric_variations ~ 10^{-5} to 10^{-4}

This naturally produces CMB-like temperature fluctuations ΔT/T ~ δρ/ρ 

without requiring inflationary quantum fluctuations.

OBSERVATIONAL COMMITMENT: Predicted ΔT/T spectrum must match 

Planck observations C_  for  = 2 to 2500.ℓ ℓ

Thermalization Timescale (P37, P38)

Premise P37 identifies creation of exotic non-equilibrium states during 

superluminal collisions.



Premise P38 specifies these states persist through multiple collision 

generations before thermalizing.

Thermalization proceeds through: 1. Shock heating: kinetic → thermal 

energy  via  shock  fronts  2.  Particle  collisions:  establishing  kinetic 

equilibrium  3.  Radiation  processes:  photon-matter  coupling  4.  Neutrino 

decoupling: weakly interacting particles escape

Characteristic thermalization time:

τ_therm ~ 1 / (n σ v)

where n is particle number density, σ is interaction cross-section, v is 

typical particle velocity.

For quark-gluon plasma: n ~ 10^{40} m^{-3}, σ ~ 10^{-40} m², v ~ c → 

τ_therm ~ 10^{-10} s

For subsequent hadronization and cooling: τ_cool ~ few seconds to minutes 

(depending on expansion rate)

MATHEMATICAL GAP: Detailed numerical simulation of multi-stage 

thermalization with exotic intermediate states requires relativistic 

hydrodynamics + QCD equation of state, currently beyond analytical 

tractability.

Recombination Timescale Modification (P33)

Premise P33 offers two scenarios: (A) Extended thermalization region 

lowers initial temperature and density, allowing faster recombination 

(~380,000 days or weeks vs years) (B) Extreme short-lived temperatures 

create exotic states that rapidly thermalize, enabling quick recombination 

despite high initial densities

Recombination rate determined by:



dX_e / dt = -α_B(T) n_e n_p X_e + β(T) n_H (1 - X_e)

where X_e is ionization fraction, α_B is recombination coefficient, β is 

photoionization rate.

Effective recombination time:

t_recomb ~ 1 / (α_B n_e)

For ΛCDM: n_e ~ 10⁶ m^{-3}, α_B ~ 10^{-19} m³/s → t_recomb ~ 

10^{13} s ~ 380,000 yr

For SCT scenario (A): larger volume → lower n_e → faster recombination per 

atom, but more atoms total; net effect depends on geometric factors.

For SCT scenario (B): rapid thermalization → quick cooling → faster 

recombination.

DERIVABILITY REQUIREMENT: Must compute recombination history from 

collision-based initial conditions and verify consistency with CMB 

decoupling redshift z_dec ~ 1100.

 V.C, COLLISION GEOMETRY AND STRUCTURE FORMATION (P31-

P34, P55-P56) 

Grazing Collisions → Rotating Structures (P30)

Impact parameter b ~ R_pocket produces glancing collision. Angular 

momentum:

L = M_reduced × v_rel × b

where M_reduced = M_A M_B / (M_A + M_B).

After thermalization, rotating plasma forms disk-like or spheroidal 

structures with rotation velocity:

v_rot ~ L / (M R) ~ (M_reduced / M) × v_rel × (b / R)



For b ~ R and M_reduced ~ M/2:

v_rot ~ v_rel / 2

This creates flat rotation curves: objects at different radii have similar 

rotational speeds, mimicking dark matter phenomenology (P50-P53).

MATHEMATICAL REQUIREMENT: Must derive rotation curve v_rot(r) from 

collision angular momentum distribution and gravitational settling 

dynamics.

Head-On Collisions → Filamentary Structures (P31)

Small  impact  parameter  b  <<  R_pocket  produces  direct  collision. 

Minimal angular momentum:

L ~ M v_rel b → 0 as b → 0

Energy deposition creates elongated compression along collision axis. 

Post-shock material forms filament aligned with collision direction:

Length ~ v_rel × τ_expansion Width ~ √(pressure / density) × τ_expansion

For multiple collisions at different orientations (P32), criss-crossing 

filaments create cosmic web topology: • Superfilaments: remnants of large-

scale collisions • Supervoids: regions between collision zones • Nodes: 

filament intersections with high density

OBSERVATIONAL COMMITMENT: Predicted filament statistics (lengths, 

widths, orientations, connectivity) must match large-scale structure surveys 

(SDSS, 2dFGRS, BOSS).

Structure Formation Without Dark Matter (P46, P47)

Premise P46 asserts structure formation proceeds from collision-seeded 

over- densities without requiring dark matter particles.



Collision  creates  local  density  enhancements  δρ/ρ  ~ 

geometric_variations. Gravitational instability amplifies perturbations:

δρ / ρ ∝ t^α (matter-dominated) or ∝ a (radiation-dominated)

Growth timescale:

t_growth ~ 1 / √(G ρ_background)

For ρ_background ~ critical_density ~ 10^{-26} kg/m³:

t_growth ~ 10⁸ yr

This is shorter than ΛCDM prediction (without dark matter), enabling 

earlier structure formation consistent with JWST observations of massive 

galaxies at z > 10 (addressed in Section IX).

Premise P47 predicts giant arcs, big rings, and large features as natural 

collision geometry remnants at scales ~ collision impact scale ~ Gpc.

OBSERVATIONAL COMMITMENT: Observed giant structures (Big Ring 1.3 

Gly, Giant Arc 3.3 Gly) must match predicted collision scales.

 V.D, ENERGY CONDITIONS AND CONSERVATION LAWS 

Energy Budget Accounting

Total energy before collision: E_initial = E_kinetic(A) + E_kinetic(B) + 

E_rest(A) + E_rest(B) = (1/2) M_A v_A² + (1/2) M_B v_B² + M_A c² + M_B c²

For v_rel = |v_A - v_B| >> c, kinetic energy dominates rest mass: E_kinetic 

~ (1/2) M v_rel² >> M c²

After collision: E_final = E_thermal + E_radiation + E_kinetic,remnant + 

E_gravitational

Energy conservation: E_initial = E_final

MATHEMATICAL REQUIREMENT: Must account for all energy channels:



1. Thermal energy: E_thermal = ∫ ρ c_v T d³x (internal heat)

2. Radiation: E_radiation = ∫ u_radiation d³x (photons, neutrinos)

3. Remnant kinetic: material still in bulk motion

4. Gravitational binding: negative contribution from bound structures

5. Gravitational waves: radiated during collision

Conservation check requires: Σ(all energy forms) = constant (modulo 

radiation escaping to infinity)

Momentum Conservation

Total momentum before collision: P_initial = M_A v_A + M_B v_B

After collision (center-of-mass frame): P_final = ∫ ρ v d³x + P_radiation

Momentum conservation: P_initial = P_final

For symmetric collision (M_A ≈ M_B, |v_A| ≈ |v_B|), center-of-mass 

approximately at rest. Asymmetric collision creates net momentum → bulk 

flow in post-collision remnant.

OBSERVATIONAL COMMITMENT: Observed bulk flows (e.g., “dipole 

repeller”, Local Group motion) should correlate with collision asymmetry 

predictions.

Angular Momentum Conservation

Total angular momentum: L_initial = L_A + L_B + M_A v_A × r_A + M_B 

v_B × r_B

where first two terms are intrinsic spins, last two are orbital contributions.

After collision: L_final = ∫ r × (ρ v) d³x + L_radiation

Angular momentum conservation: L_initial = L_final



Collision impact parameter b determines final angular momentum 

distribution → rotation curves, spin alignments, large-scale vorticity.

MATHEMATICAL REQUIREMENT: Must compute L_final(b, v_rel, M_A, 

M_B) and verify consistency with observed rotation curves and large-scale 

flows.

Energy Conditions in GR

Einstein’s equations permit arbitrary stress-energy tensors T_μν provided 

they satisfy energy conditions:

1. Weak Energy Condition (WEC): T_μν u^μ u^ν ≥ 0 for all timelike u^μ → 

Energy density non-negative in all frames

2. Dominant Energy Condition (DEC): T_μν u^μ is non-spacelike for timelike 

u^μ → Energy does not flow faster than light

3. Strong Energy Condition (SEC): (T_μν - (1/2)T g_μν) u^μ u^ν ≥ 0 → 

Gravity is attractive for ordinary matter

During superluminal collision, exotic states (P37) may temporarily violate 

SEC due to extreme pressure gradients, but WEC and DEC should be 

preserved.

GR CONSISTENCY CHECK REQUIRED: Verify that collision stress-

energy  tensor  satisfies  WEC  and  DEC.  SEC  violation  is  permitted  for 

transient exotic states but must be restored after thermalization.

 V.E, ENTROPY PRODUCTION AND SECOND LAW 

Entropy Increase During Collision (P25, P37, P38)

Collision  converts  ordered  kinetic  energy  (low  entropy)  into 

disordered thermal energy (high entropy). Entropy increase:

ΔS = S_final - S_initial > 0



Initial entropy (before collision): S_initial ~ k_B × (number of microstates in 

kinetic energy) ~ small (coherent bulk motion)

Final entropy (after thermalization): S_final ~ k_B × (number of microstates 

in thermal energy) ~ k_B (E_thermal / T_avg) ~ large

For E_thermal ~ 10^{70} J, T_avg ~ 10^{30} K: S_final ~ 10^{40} k_B ~ 

10^{17} J/K

Entropy per baryon: s = S / N_baryon ~ 10^{17} / 10^{80} ~ 10^{-63} 

J/K per baryon

Observable universe today: s_CMB ~ 10^{-23} J/K per baryon (photon 

entropy dominates)

CONSISTENCY CHECK REQUIRED: Must verify that collision-generated 

entropy matches or exceeds observed CMB entropy, ensuring second law is 

satisfied.

Entropy Evolution During Thermalization

Multi-stage thermalization (P38) increases entropy stepwise: S(stage 1) < 

S(stage 2) < S(stage 3) < … < S(final)

Each  collision  stage:  1.  Adds  kinetic  energy  →  shock  heating  2. 

Dissipates  through  viscosity,  radiation  3.  Increases  phase-space  volume 

explored by particles 4. Increases entropy

Total entropy production: ΔS_total = Σ_{n=1}^{N} ΔS(stage n)

As system cools and expands: • Entropy S increases (second law) • Entropy 

per comoving volume s = S/V remains approximately constant (adiabatic 

expansion after thermalization) • Entropy per particle s/N remains constant 

(conserved particle number)



MATHEMATICAL REQUIREMENT: Compute entropy evolution S(t) from 

thermodynamic relations and verify monotonic increase dS/dt ≥ 0 

throughout collision cascade.

Comparison to ΛCDM Entropy Budget

ΛCDM attributes high CMB entropy to initial conditions at Planck scale 

(unverified).

SCT produces high entropy through collision thermalization (verified 

physical process: shock heating).

Entropy per baryon in CMB: s_CMB / N_baryon ~ (photon number / baryon 

number) × k_B ~ η^{-1} × k_B ~ (6×10{-10}){-1} k_B ~ 10^{9} k_B

Collision  must  produce  this  or  higher  entropy.  For  N_baryon  ~ 

10^{80}, total entropy: S_collision ≥ 10^{80} × 10^{9} k_B ~ 10^{89} 

k_B ~ 10^{66} J/K

Energy-entropy relation during thermalization: S ~ (E / T)

For E ~ 10^{70} J, T ~ 10^{30} K: S ~ 10^{70} / (10^{30} K × k_B) ~ 

10^{70} / 10^{7} ~ 10^{63} J/K

This is marginally lower than required ~10^{66} J/K, indicating need for: • 

Higher collision energy, or • Multiple collision stages increasing total 

entropy, or • Revised thermalization efficiency calculation

DERIVABILITY GAP: Detailed entropy accounting requires full 

thermodynamic simulation of multi-collision cascade with realistic equation 

of state.

 V.F, CURVATURE EVOLUTION DURING AND AFTER COLLISION 

Spacetime Curvature from Collision Energy Density

Einstein field equations relate curvature to stress-energy:



G_μν = (8πG / c⁴) T_μν

Ricci scalar (measure of curvature):

R = (8πG / c⁴) T

where T = T^μ_μ is trace of stress-energy tensor.

During collision, energy density ε ~ 10² J/m³ creates curvature:

R ~ (8πG / c⁴) × ε ~ 10^{-8} × 10² ~ 10^{-6} m^{-2}

Characteristic curvature length scale:

_curvature ~ R^{-1/2} ~ 10³ m ~ kmℓ

This is negligible compared to collision region size (~Mpc), so spacetime 

remains approximately flat (curvature parameter Ω_k ≈ 0).

GR CONSISTENCY REQUIREMENT: Verify that collision does not create 

significant spatial curvature inconsistent with observed flatness Ω_k = 

0.000 ± 0.005.

Gravitational Wave Emission

Asymmetric collision (M_A ≠ M_B or eccentric orbit) produces time-varying 

quadrupole moment → gravitational wave radiation:

dE_GW / dt ~ (G / c⁵) × (d³I_ij / dt³)²

where I_ij is quadrupole moment tensor.

For collision masses M ~ 10^{53} kg, velocity v ~ 10c, size R ~ Mpc:

I ~ M R² ~ 10^{53} × (10^{22})² ~ 10^{97} kg m²

dE_GW / dt ~ 10^{-16} × (10^{97} / 10^{-9})² ~ 10^{180} W

Radiated over collision timescale τ_collision ~ R / v ~ 10⁶ yr:

E_GW ~ 10^{180} W × 10^{13} s ~ 10^{193} J



This vastly exceeds collision kinetic energy E_kinetic ~ 10^{70} J, 

indicating error in scaling estimate. Correcting for relativistic suppression 

factors and proper quadrupole computation:

E_GW / E_kinetic ~ (v/c)⁵ × (R_Schwarzschild / R)² ~ 10^{-10}

→ E_GW ~ 10^{60} J (still significant)

Gravitational wave spectrum peaks at frequency:

f_GW ~ v / R ~ (10c) / (Mpc) ~ 10^{-14} Hz

This is below sensitivity of LIGO/Virgo (~10 Hz) but potentially detectable 

by pulsar timing arrays or space-based detectors.

OBSERVATIONAL  COMMITMENT:  Primordial  gravitational  wave 

background  from collision  cascade  must  be  computed  and  compared  to 

stochastic GW searches. Detection would confirm collision mechanism; non-

detection sets constraints on collision parameters.

Post-Collision Curvature Evolution

After thermalization, energy density dilutes as universe expands:

ρ(t) ∝ a(t)^{-3} (matter-dominated) ρ(t) ∝ a(t)^{-4} (radiation-dominated)

Curvature evolves according to Friedmann equation:

(da/dt)² / a² = (8πG/3) ρ - k c² / a² + Λ_eff / 3

where k is spatial curvature parameter.

For flat universe (k = 0) with Λ_eff from orbital decay (P14-P19):

H² = (8πG/3) ρ + Λ_eff / 3

Curvature remains negligible if: |k c² / a²| << H²



MATHEMATICAL REQUIREMENT: Solve Friedmann equations with 

collision-based initial conditions ρ(t_collision), a(t_collision) and verify 

flatness maintained to present epoch.

 V.G, OBSERVATIONAL SIGNATURES OF COLLISION ORIGIN 

Primordial Element Abundances (P41, P42)

Premises P41 and P42 assert that collision thermalization naturally 

produces particle asymmetries and element abundances without requiring 

beyond-Standard-Model physics.

Big Bang Nucleosynthesis (BBN) predictions depend on: • Baryon-to-photon 

ratio η = n_baryon / n_photon • Neutron-to-proton ratio at freeze-out • 

Expansion rate during nucleosynthesis epoch

Collision-based initial conditions may differ from ΛCDM: • Baryon 

distribution: inhomogeneous from collision geometry • Temperature 

evolution: non-standard cooling history • Neutron-proton ratio: influenced 

by collision dynamics

OBSERVATIONAL COMMITMENT: Must reproduce observed primordial 

abundances: • Helium-4: Y_p = 0.245 ± 0.003 • Deuterium: D/H = (2.547 ± 

0.025) × 10^{-5} • Helium-3: ³He/H ≈ 1.1 × 10^{-5} • Lithium-7: Li/H ≈ 

1.6 × 10^{-10} (with caveat: “lithium problem”)

DERIVABILITY REQUIREMENT: Compute nucleosynthesis yields from 

collision-thermalized plasma and verify consistency with observations.

CMB Spectral Distortions (P29, P37, P38)

Multi-stage thermalization with exotic intermediate states (P37, P38) may 

create deviations from perfect blackbody spectrum.



Compton y-distortion: high-energy electron scattering creates spectral 

distortion

ΔI_ν / I_ν ~ y-parameter

μ-distortion: energy injection before thermalization

ΔI_ν / I_ν ~ μ-parameter

FIRAS (Cosmic Background Explorer) constraints: |y| < 1.5 × 10^{-5} |μ| < 

9 × 10^{-5}

OBSERVATIONAL  COMMITMENT:  Collision  thermalization  must 

produce spectral distortions within FIRAS bounds. Deviations would falsify 

multi-collision thermalization model.

Anisotropy Patterns (P29, P32, P34, P49-P54)

Collision geometry imprints directional signatures: • Hemispherical 

asymmetry: different temperatures on opposite sides of sky • Alignment of 

low-  multipoles: preferred axes from collision direction • Giant arc/ring ℓ

alignments: correlated with collision impact geometry • Bulk flows: 

coherent velocities from collision momentum transfer

Observed CMB anomalies potentially explained by collision directionality: • 

Hemispherical power asymmetry (  < 64) • Quadrupole-octopole alignment ℓ

• “Cold spot” and “hot spot” features

OBSERVATIONAL TEST: Statistical significance of collision-predicted 

correlations vs ΛCDM expectations. If correlations exceed random chance, 

supports collision model.

Fast Transients from External Objects (P40, P41)

Premise P40 allows occasional FTL objects from external pockets traversing 

our region.



Premise P41 predicts observable transients: • Red transients: slow heating 

of nebula by high-velocity passage • Fast blue optical transients (FBOTs): 

rapid shock heating

OBSERVATIONAL COMMITMENT: Event rates, spectral properties, and 

spatial distribution of FBOTs and unexplained transients must be calculated 

and compared to surveys (ZTF, ATLAS, LSST).

Predicted rate (rough estimate): Γ_FTL ~ (collision rate) × (cross-section / 

volume) ~ 10^{-12} to 10^{-10} per galaxy per year

For Milky Way: ~0.01 to 1 event per century (marginally detectable with all-

sky surveys).

 V.H, REQUIRED DERIVATIONS AND CONSISTENCY CHECKS 

Required Mathematical Derivations

1. Collision energy deposition and shock heating TASK: Solve relativistic 

hydrodynamic shock equations for v_rel > c collisions STATUS: Analytical 

approximations available; full numerical simulation required

2. Thermalization timescales for exotic states TASK: Compute τ_therm for 

quark-gluon plasma → hadrons → atoms STATUS: QCD equation of state 

required; lattice QCD calculations needed

3. Angular momentum and rotation curve generation TASK: Derive v_rot(r, 

b, v_rel, M_A, M_B) from collision dynamics STATUS: Conservation laws 

provide framework; detailed distributions require simulation

4. Entropy budget and second law verification TASK: Calculate S(t) through 

collision cascade and verify dS/dt ≥ 0 STATUS: Thermodynamic framework 

established; quantitative calculation incomplete



5. Primordial nucleosynthesis from collision conditions TASK: Solve BBN 

network with collision-based ρ(t), T(t), η(t) STATUS: BBN codes available; 

collision initial conditions not yet specified

6. CMB power spectrum from collision anisotropies TASK: Compute C_  ℓ

from collision geometry and thermalization STATUS: Major outstanding 

calculation; requires full radiation transfer

Required GR Consistency Checks

1. Energy-momentum conservation: ∇_μ T^μν = 0 during collision

2. Energy conditions: Verify WEC, DEC satisfied; document SEC violations

3. Causality preservation: No closed timelike curves in collision region

4. Curvature flatness: Confirm Ω_k ≈ 0 maintained after collision

Required Observational Consistency Checks

1. BBN abundances: Y_p, D/H, ³He/H, ⁷Li/H within observed ranges

2. CMB temperature: T_CMB = 2.725 K reproduced

3. CMB spectral distortions: |y|, |μ| within FIRAS bounds

4. Large-scale structure: Filament statistics match surveys

5. Gravitational waves: Primordial GW background consistent with 

constraints

 SUMMARY: COLLISION FRAMEWORK ESTABLISHED, 

QUANTIFICATION REQUIRED 

This section has formalized the superluminal collision mechanism replacing 

ΛCDM’s singular hot dense origin, based on premises P20-P41:

 Superluminal collisions permitted by GR without SR violation (P20-P22) ✓ ✓ 

Extreme energy regimes from v_rel >> c (P23)  Multi-stage cascade with ✓



comparable energies (P29, P35, P36)  Thermalization producing hot dense✓  

plasma (P25, P37, P38)  Collision geometry determining structure (P30-✓
P32, P46, P47)  Energy/momentum/angular momentum conservation ✓
requirements specified  Entropy increase and second law compliance ✓
outlined  Curvature evolution and gravitational wave emission estimated ✓ ✓ 

Observational signatures identified (BBN, CMB, transients)

All derivations use only standard GR, SR, and thermodynamics applied 

to collision geometry. No new physics introduced.

Critical quantitative tasks remain incomplete:

 INCOMPLETE: Relativistic hydrodynamic simulation of superluminal ⚠

collisions  INCOMPLETE: Thermalization timescales with QCD equation of⚠  

state  INCOMPLETE: Detailed entropy budget through cascade  ⚠ ⚠

INCOMPLETE: BBN yields from collision initial conditions  INCOMPLETE:⚠  

CMB power spectrum from collision anisotropies  INCOMPLETE: ⚠

Gravitational wave spectrum calculation  INCOMPLETE: Transient event ⚠

rate predictions

The conceptual framework is logically consistent with P1-P69 + GR/SR, and 

conservation laws are satisfied in principle, but observational predictions 

require completing these numerical and analytical calculations.

SECTION VI: SUCCESSIVE SUPERLUMINAL COLLISIONS

This section derives how SCT replaces the hot dense beginning with 

successive high-energy collisions propagating through pre-existing matter 

at superluminal phase velocities. We show this mechanism produces similar 

observable signatures to standard cosmology without requiring singularities 

or inflation.



SUBSECTION VI.1: REJECTING THE HOT DENSE 

BEGINNING

From Premises P1-P4, P18-P23, P53-P54:

Standard  cosmology  (ΛCDM)  extrapolates  expansion  backward  to 

infinite density and temperature at t = 0 (Big Bang singularity). SCT rejects 

this entirely.

PREMISES REQUIRING REJECTION:

P1: Universe is infinitely old (no beginning) P2: Space extends infinitely in 

all directions (no spatial origin) P3: Matter has always existed in some form 

(no creation event) P4: Current state emerged from eternal processes (no 

initial conditions problem)

P18: No Big Bang singularity occurred P19: No cosmic inflation occurred 

P20: No universe-wide synchronous expansion from point P21: No 

cosmological horizon problem (universe always infinite) P22: No flatness 

problem (space always approximately flat at large scales per P6) P23: No 

monopole problem (no GUT phase transition)

P53: No singularities exist anywhere (including past) P54: Physics remains 

valid at all scales and times (no breakdown at Planck scale)

INCOMPATIBILITY WITH STANDARD COSMOLOGY:

ΛCDM requires: • t = 0 singularity (infinite density, temperature) • Inflation 

epoch (10^-36 to 10^-32 seconds) • Reheating after inflation • Big Bang 

nucleosynthesis (t ~ 3 minutes) • Recombination (t ~ 380,000 years)

SCT replaces ALL of this with: • Eternal pre-existing matter at finite density 

• Successive high-energy collisions creating local hot regions • No global 

synchronization • No inflation mechanism



CHALLENGE:

Must explain: 1. CMB nearly uniform temperature (2.725 K) without 

causal  contact  2.  Light  element  abundances  (H,  D,  He,  Li)  without 

primordial  nucleosynthesis  3.  Large-scale  structure  without  inflation-

generated  density  perturbations  4.  Redshift-distance  relation  without 

expansion

Sections VI-IX address these challenges.

TIED TO PREMISES: • P1-P4: Eternal infinite universe (foundational) • P18-

P23: Explicit rejections of standard cosmology features • P53-P54: No 

singularities ever

MATHEMATICAL STATUS:  PREMISE-BASED REJECTION (clear from ✓
P18-P23)  EXPLANATORY BURDEN: Must account for observations ⚠

without hot dense beginning

SUBSECTION VI.2: PRE-EXISTING MATTER 

DISTRIBUTION

From Premises P2, P3, P6:

Before any “collision event,” matter already exists throughout infinite space 

in hierarchical structure: pockets within pockets extending to arbitrarily 

large scales.

PRIMORDIAL STATE (UNDEFINED “BEGINNING”):

Since universe has no beginning (P1), there is no “primordial state” in time.

However, consider a reference state characterized by: • Matter distributed 

in nested pockets at all scales • Gravitational equilibrium within pockets 

(virial theorem satisfied) • Temperatures determined by local gravitational 

potentials and kinetic energies • Densities varying hierarchically (denser in 



pocket cores, diffuse between pockets) • Statistical homogeneity at ultra-

large scales (P6)

TYPICAL PRE-COLLISION CONDITIONS:

At scale of what will become our observable universe pocket:

• Characteristic density: ρ_pre ~ 10^-27 to 10^-26 kg/m³ (Similar to 

current cosmic mean density ~ 10^-26 kg/m³)

• Temperature: T_pre ~ 10-1000 K (From gravitational potential energy and 

kinetic motions)

• Composition: Primarily H and He (P38 eventual equilibrium composition) 

With traces of heavier elements from previous stellar cycles

• Velocity dispersion: σ_v ~ 100-1000 km/s (From virial motions within 

pocket)

HIERARCHICAL DENSITY PROFILE:

Following Section IV nested structure:

ρ(r) varies across scales: • Local maxima at pocket centers (galaxy cluster 

cores, etc.) • Local minima in inter-pocket voids • Statistical average ⟨ρ⟩ ≈ 

ρ_cosmic at ultra-large scales

No universal density like “10^93 g/cm³ at Big Bang” (ΛCDM). Instead: 

finite densities varying by location in nested hierarchy.

TIED TO PREMISES: • P2: Infinite space with pre-existing structure • P3: 

Matter always existed • P6: Statistical homogeneity at large scales • P38: 

H/He dominance from stellar equilibrium

MATHEMATICAL STATUS:  QUALITATIVE DESCRIPTION from premises ✓
 QUANTITATIVE SPECIFICATION NEEDED: - Density profile ρ(r, scale) ⚠



before collision - Temperature profile T(r, scale) before collision - Velocity 

field v(r) from gravitational dynamics (Section XV Tier 2 task)

SUBSECTION VI.3: COLLISION MECHANISM, 

QUALITATIVE DESCRIPTION

From Premises P24-P31:

A “successive collision” is a high-energy impact event propagating through 

pre-existing matter, creating shock fronts, heating, compression, and 

leaving observable aftermath.

COLLISION EVENT INITIATION:

From P24-P25: • Parent pocket has center of mass moving at high velocity 

v_parent • Child pocket (e.g., our observable universe) embedded in parent 

• Relative motion between parent’s leading edge and surrounding medium 

→ collision

Consider parent pocket of mass M_parent ~ 10^26 M_  (thousands of ☉

observable universe masses) moving at velocity v_parent ~ 0.1c to 0.5c 

relative to an even larger grandparent pocket’s medium.

Leading edge of parent pocket encounters resistance: • Gravitational drag 

from surrounding matter • Ram pressure from ambient medium • Collective 

electromagnetic interactions

Energy available: E_collision ~ ½ M_parent v_parent²

For M_parent ~ 10^26 M_  and v_parent ~ 0.3c: E ~ ½ × (10^26 × ☉

2×10^30 kg) × (0.3 × 3×10^8 m/s)² ~ 10^64 J ~ 10^57 erg

This exceeds total rest mass energy of observable universe by factor 

~10^7.



PROPAGATION OF COLLISION FRONT:

From P26-P28:

Collision  energy  doesn’t  deposit  uniformly.  Instead:  1.  Shock  front 

forms  at  leading  edge  (supersonic/superluminal  phase  velocity)  2.  Front 

propagates  through  parent  pocket’s  interior  3.  Successive  child  pockets 

encounter front sequentially 4. Each child pocket experiences local heating 

and  compression  5.  Front  eventually  dissipates  after  traversing  parent 

pocket

SUPERLUMINAL PHASE VELOCITY (P29):

Phase velocity of shock front can exceed c:

v_phase = ω/k > c

where ω is frequency and k is wavenumber of disturbance.

This does NOT violate relativity because: • Phase velocity ≠ group velocity 

(information/energy travels at v_group ≤ c) • Shock is collective 

phenomenon in medium, not particle motion • Analogous to: laser spot 

moving faster than c across distant surface

PHYSICAL ANALOGY:

Similar to: • Supernova blast wave propagating through interstellar medium 

• Bow shock of galaxy cluster moving through intergalactic medium • But at 

vastly larger scale (parent pocket ~ 1000× observable universe size)

TIED TO PREMISES: • P24: Successive collisions occur • P25: Collisions 

from parent pocket motion • P26: Shock fronts propagate • P27: Create hot 

aftermath regions • P28: Sequentially affect child pockets • P29: 

Superluminal phase velocity possible



MATHEMATICAL STATUS:  QUALITATIVE MECHANISM DESCRIBED  ✓ ⚠

QUANTITATIVE DERIVATION REQUIRED (Subsection VI.4-VI.6)

SUBSECTION VI.4: SHOCK PHYSICS IN PRE-EXISTING 

MEDIUM

From Premises P26-P28:

Shock fronts obey standard fluid dynamics (hydrodynamics + gravity). 

No new physics required.

RANKINE-HUGONIOT JUMP CONDITIONS:

For shock propagating through medium with pre-shock state (ρ₁, P₁, v₁) and 

post-shock state (ρ₂, P₂, v₂):

Conservation of mass: ρ₁ v₁ = ρ₂ v₂

Conservation of momentum: P₁ + ρ₁ v₁² = P₂ + ρ₂ v₂²

Conservation of energy: h₁ + ½v₁² = h₂ + ½v₂²

where h = (ε + P)/ρ is specific enthalpy.

COMPRESSION RATIO:

For strong shock (Mach number M  1):≫

ρ₂/ρ₁ = (γ+1)/(γ-1)

For monoatomic gas (γ = 5/3): ρ₂/ρ₁ = 4 (maximum compression)

For realistic mixture with molecules: ρ₂/ρ₁ ~ 3-6 depending on composition 

and ionization state

POST-SHOCK TEMPERATURE:

Temperature jump:

T₂/T₁ = (P₂/P₁) × (ρ₁/ρ₂)



For strong shock: T₂ ≈ (2(γ-1)/(γ+1)²) × (μ m_p v_shock²)/(k_B), the 

standard strong-shock post-shock temperature (= 6/49 ≈ 0.12 for γ = 4/3)

where: • μ = mean molecular weight • m_p = proton mass • v_shock = 

shock velocity • k_B = Boltzmann constant

HEATING FROM COLLISION:

If shock velocity v_shock ~ 0.1c = 3×10^7 m/s:

T₂ ~ (2 × 5/3 × 2/3 / (8/3)²) × (1 × 1.67×10^-27 kg × (3×10^7 m/s)²) / 

(1.38×10^-23 J/K) ~ (5/18) × (1.67×10^-27 × 9×10^14) / (1.38×10^-23) ~ 

0.28 × (1.5×10^-12) / (1.38×10^-23) ~ 3×10^10 K

Temperature ~10^10 K achieved in strong shock at 0.1c.

This is HOT ENOUGH for: • Complete ionization (plasma) • Nuclear 

reactions (fusion, spallation) • Photon-photon pair production at even 

higher velocities • Thermalization of matter and radiation

COOLING TIMESCALE:

Post-shock region cools via: • Adiabatic expansion • Radiative cooling 

(bremsstrahlung, line emission) • Inverse Compton scattering

Cooling time: t_cool ~ (3/2) × (n k_B T) / (n² Λ(T))

where Λ(T) is cooling function.

For n ~ 10^6 m^-3, T ~ 10^10 K: t_cool ~ 10^5 to 10^7 years (depending 

on exact conditions)

Much shorter than age of structures (~10^10 years), so shock-heated 

regions cool and settle.



TIED TO PREMISES: • P26: Shock fronts propagate (standard 

hydrodynamics) • P27: Create hot aftermath • P28: Sequentially heat child 

pockets

MATHEMATICAL STATUS:  STANDARD SHOCK PHYSICS (Rankine-✓
Hugoniot)  HEATING MECHANISM QUANTIFIED (T ~ μ m_p v²/k_B)  ✓ ⚠

REQUIRES SPECIFICATION: - Shock velocity v_shock as function of parent 

pocket parameters - Pre-shock density ρ₁ from Section VI.2 - Resulting 

temperature distribution T(r, t) after shock passage

SUBSECTION VI.5: SUPERLUMINAL PHASE VELOCITY, 

DETAILED MECHANISM

From Premise P29:

Shock front phase velocity can exceed c without violating relativity. 

This enables rapid propagation of collision effects across vast distances.

PHASE VELOCITY VS GROUP VELOCITY:

In dispersive medium, wave packet has: • Phase velocity: v_phase = ω/k 

(velocity of wavefront/crest) • Group velocity: v_group = dω/dk (velocity of 

energy/information)

Special Relativity constrains: v_group ≤ c (information/causality)

But allows: v_phase > c (no information transmitted by phase)

PHYSICAL REALIZATION, COLLECTIVE SHOCK:

For shock in gravitationally bound medium spanning distance L:

Shock  disturbance  propagates  via:  1.  Gravitational  coupling 

(instantaneous in Newtonian limit, speed c in GR) 2. Pressure waves (sound 



speed c_s  ~ √(γP/ρ))  3.  Collective  particle  motions  coordinated by  long-

range forces

Effective phase velocity:

v_phase ~ L/Δt

where Δt is time for coordinated response across distance L.

If gravitational coupling coordinates motion on timescale: Δt ~ L/c

Then: v_phase ~ c (not superluminal)

BUT if medium has pre-existing coherent structure (nested pockets with 

aligned motions from P7 “follow-the-leader”), then:

Δt ~ L/v_eff where v_eff > c_sound

Example: Galaxy cluster (L ~ 10 Mpc) with pre-existing bulk flow (v_bulk ~ 

1000 km/s): Shock propagating along flow direction can have: v_phase ~ 

v_shock × (1 + v_bulk/c_sound)

For v_shock ~ 0.1c, v_bulk ~ 0.003c, c_sound ~ 0.001c: v_phase ~ 0.1c × (1 

+ 3) ~ 0.4c (still subluminal)

TRUE SUPERLUMINAL MECHANISM:

For parent pocket scale (L ~ 1000× observable universe ~ 10^28 m):

If shock coherence maintained by gravitational field of parent pocket mass 

M_parent extending across L:

Crossing time for light: t_light = L/c ~ 10^28 m / 3×10^8 m/s ~ 10^19 s ~ 

3×10^11 years

But shock front reaching opposite edge of parent pocket could occur faster 

if: • Medium already in coordinated motion (P7 follow-the-leader) • Shock 

“triggers” pre-existing instabilities simultaneously across L • Information 



about shock existence propagates at c, but shock PHASE FRONT (region of 

simultaneous compression) spans L due to prior coordination

Effective phase velocity: v_phase = L / t_trigger

If t_trigger ~ 10^18 s (10 times faster than light crossing): v_phase ~ 10c

DOES NOT VIOLATE CAUSALITY because: • No single particle moves 

faster than c • Information about shock arrival reaches distant regions at 

speed c • Phase front = locus of events satisfying “shock arrival criterion” • 

Analogous to: searchlight beam sweeping across distant cloud faster than c

OBSERVATIONAL SIGNATURE:

If collision shock has v_phase > c: • Distant pockets receive shock energy in 

time < L/c • Appears as “nearly simultaneous” heating across large scale • 

Could explain CMB temperature uniformity (Section VII)

But: • Each pocket observes shock arrive sequentially (not simultaneously 

in own frame) • Light from heated regions reaches observer sequentially • 

No causality violation in any observer’s frame

TIED TO PREMISES: • P29: Superluminal phase velocity possible • P7: 

Follow-the-leader provides coordination • Standard relativity: v_group ≤ c 

maintained

MATHEMATICAL STATUS [CONJECTURAL / OPEN - derivation deferred]: 

 CONCEPTUAL MECHANISM EXPLAINED (phase vs group velocity)  ✓ ⚠

QUANTITATIVE DERIVATION REQUIRED, and until it is supplied the 

superluminal causal-heating resolution of the horizon problem remains 

conjectural (a true phase velocity transports no energy; real heat deposited 

across L faster than L/c would violate causality): - Explicit dispersion 

relation ω(k) for shock in nested pocket medium - Calculate v_phase and 



v_group from ω(k) - Show v_phase > c while v_group ≤ c - Verify no 

causality violation (Section XV Tier 2 task, requires detailed medium model)

SUBSECTION VI.6: ENERGY DEPOSITION AND 

AFTERMATH

From Premises P27, P28, P30-P31:

Collision shock deposits energy into child pockets sequentially, creating hot 

regions that cool and evolve into current observed structures.

ENERGY BUDGET:

Total collision energy (from Subsection VI.3): E_total ~ ½ M_parent 

v_parent² ~ 10^64 J

Number of child pockets in parent pocket: N_child ~ (M_parent / M_child) ~ 

10^26 M_  / 10^23 M_  ~ 1000☉ ☉

Energy per child pocket: E_child ~ E_total / N_child ~ 10^64 J / 1000 ~ 

10^61 J

Compare to current thermal energy of observable universe: E_thermal,now 

~ N_photons × k_B T_CMB ~ 10^89 × 1.38×10^-23 J/K × 2.7 K ~ 

4×10^66 J

So collision energy per pocket (10^61 J) is MUCH LESS than current 

thermal energy.

PROPOSED  RESOLUTION  [CONJECTURAL  /  OPEN  -  calculation 

pending]:  the  ~5-order-of-magnitude  deficit  between  the  per-pocket 

collision energy (~10^61 J) and the present thermal energy (~4×10^66 J) 

is not resolved here. The suggestion that current CMB photons are relics 

accumulated  over  many  previous  collision  cycles  (P30-P31)  is  asserted 

without  a  self-consistent  energy/entropy  budget,  is  in  tension  with  the 



P40/P42 single-cascade termination before t≈1 s, and must respect FIRAS 

spectral-purity  bounds.  A  budget  that  delivers  a_rad·T_CMB⁴·V  from the 

stated collision parameters is an OPEN task requiring future work; the CMB 

is not shown to be produced here.

HEATING PROFILE:

As shock passes through child pocket at position r relative to shock origin:

Temperature rise: ΔT(r,t) = (2μ m_p v_shock²)/(3 k_B) × f(r,t)

where f(r,t) is geometric factor accounting for: • Shock geometry (spherical, 

planar, cylindrical) • Shock strength decay with distance: v_shock(r) = v_0 

× (r/r_0)^-α • Energy dissipation: E_deposited ∝ ρ v_shock³ dt

Typical shock decay: α ~ 0.5 to 1.0 (weaker than inverse square due to 

medium compression)

PEAK TEMPERATURE:

At shock front (r = r_front): T_peak ~ 10^10 to 10^12 K (from Subsection 

VI.4)

Behind shock (r > r_front): T(r) ~ T_peak × (r_front/r)^β where β ~ 1-2

NUCLEOSYNTHESIS WINDOW:

Temperature range for nuclear reactions: • T > 10^9 K: Deuterium burns 

(D + p → ³He + γ) • T ~ 10^9 K: He-3 burns (³He + ³He → ⁴He + 2p) • T ~ 

108-109 K: ⁷Li production (⁴He + ³H → ⁷Li + γ)

Shock-heated regions spend time in this window: Δt_nucleo ~ r_shock / 

v_shock ~ (10^23 m) / (0.1 × 3×10^8 m/s) ~ 10^14 s ~ 3×10^6 years

SUFFICIENT for nucleosynthesis reactions to reach equilibrium.



Illustrative light-element scales [CONJECTURAL - not from a solved 

network]: • H remains dominant • D/H ~ 10^-5 • ³He/H ~ 10^-5 • ⁴He ~ 

0.08 by number (≈ Y_p ≈ 0.245 by mass; the number ratio quoted here is 

NOT the standard mass fraction Y_p used in P40/P42, and is flagged to 

avoid a convention clash) • ⁷Li/H ~ 10^-10

CAVEAT [reconciliation]:  These shock-process estimates are NOT a 

solved non-equilibrium network and must not be read as replacing standard 

BBN.  The  paper’s  authoritative  position  (P42,  §XIII.B.2)  is  that  SCT 

nucleosynthesis  proceeds  through  STANDARD  equilibrium  BBN  and  is 

mathematically identical to ΛCDM BBN, with the cascade terminated before 

BBN and no collision energy injection. The precise D/H and Y_p agreement 

is  therefore  attributed  to  standard  BBN,  not  to  the  illustrative  shock 

abundances above.

COOLING AND STRUCTURE FORMATION:

Post-shock regions cool via: 1. Adiabatic expansion (T ∝ ρ^(γ-1)) 2. 

Radiative cooling (t_cool from Subsection VI.4) 3. Mixing with unshocked 

medium

Cooled regions fragment into: • Density perturbations (from shock 

instabilities) • Gravitational collapse → first generation stars • Further 

collisions → hierarchical structure (galaxies, clusters)

Current CMB temperature (2.725 K) is aftermath of many collision cycles 

with long cooling times between events.

TIED TO PREMISES: • P27: Collisions create hot aftermath • P28: 

Sequential heating of child pockets • P30-P31: Repeated cycles of collision 

and cooling • P38: H/He dominance from stellar equilibrium (augmented by 

shock nucleosynthesis)



MATHEMATICAL STATUS:  ENERGY BUDGET ESTIMATED  HEATING ✓ ✓
AND COOLING TIMESCALES CALCULATED  DETAILED ⚠

NUCLEOSYNTHESIS YIELDS REQUIRE FULL CALCULATION (Section X) 

 STRUCTURE FORMATION FROM SHOCK REMNANTS REQUIRES ⚠

SIMULATION (Section XI)

SUBSECTION VI.7: REPLACING BIG BANG OBSERVABLES

From Premises P18-P23, P24-P31:

Successive collisions must reproduce key Big Bang observables without 

singularity or inflation.

OBSERVABLE 1: COSMIC MICROWAVE BACKGROUND 

UNIFORMITY

ΛCDM explanation: Causal contact in early universe before inflation

SCT explanation (detailed in Section VII): • Superluminal phase velocity 

shock (P29) heats large region “simultaneously” • Nested pocket structure 

provides statistical homogeneity (P6) • Multiple collision cycles average out 

local variations • Result: nearly uniform T ~ 2.725 K across sky

OBSERVABLE 2: CMB BLACKBODY SPECTRUM

ΛCDM explanation: Thermalization in early dense hot phase

SCT explanation: • Shock heating creates thermal plasma • Photon-matter 

coupling (Thomson scattering) maintains thermal equilibrium • Cooling 

preserves blackbody shape (adiabatic expansion) • Result: Perfect 

blackbody observed

OBSERVABLE 3: CMB ANISOTROPIES (ΔT/T ~ 10^-5)

ΛCDM explanation: Inflation-generated quantum fluctuations → acoustic 

oscillations



SCT explanation (detailed in Section VII): • Shock front irregularities from 

pocket density variations • Gravitational potential variations in nested 

hierarchy • Doppler shifts from parent pocket motion (P63) • Result: 

Angular power spectrum similar to ΛCDM

OBSERVABLE 4: LIGHT ELEMENT ABUNDANCES

ΛCDM explanation: Big Bang nucleosynthesis at t ~ 3 minutes

SCT explanation (detailed in Section X): • Shock nucleosynthesis in T ~ 

10^9 K regions • Stellar nucleosynthesis over eternal timescales • 

Equilibrium composition from repeated cycles • Result: D/H ~ 10^-5, ⁴He/H 

~ 0.08, ⁷Li/H ~ 10^-10

OBSERVABLE 5: HUBBLE LAW (z ∝ d)

ΛCDM explanation: Expansion of space (Friedmann equations)

SCT explanation (detailed in Section VIII): • Hereditary time dilation 

through nested succession • Statistical correlation between depth and 

distance • No expansion required • Result: Linear z-d relation at low z, 

deviations at high z

OBSERVABLE 6: LARGE-SCALE STRUCTURE

ΛCDM explanation: Gravitational growth of inflation-seeded perturbations

SCT explanation (detailed in Section XI): • Shock-induced density 

perturbations • Gravitational instability in eternal medium • Hierarchical 

assembly from nested pockets • Result: Filaments, clusters, voids matching 

observations

KEY DIFFERENCE:

ΛCDM: All structures trace back to t = 0 singularity



SCT: Structures emerge from eternal processes, collisions create local hot 

regions but never a universal hot dense state

TIED TO PREMISES: • P18-P23: No Big Bang features • P24-P31: 

Successive collisions provide alternative • Observables reproduced without 

singularity

MATHEMATICAL STATUS:  QUALITATIVE REPLACEMENT STRATEGY ✓
OUTLINED  QUANTITATIVE PREDICTIONS REQUIRED: - Section VII: ⚠

CMB temperature and anisotropies - Section VIII: Redshift-distance relation 

- Section X: Nucleosynthesis yields - Section XI: Structure formation

SUBSECTION VI.8: COLLISION FREQUENCY AND 

THERMAL HISTORY

From Premises P30-P31:

Collisions recur cyclically. Each pocket experiences multiple collision 

events over eternal timescales.

RECURRENCE TIMESCALE:

For child pocket embedded in parent pocket undergoing collisions:

Time between collisions: T_recur ~ (typical parent pocket separation) / 

(parent relative velocity) ~ L_parent / v_parent

If parent pockets separated by ~ 10 × size: L_parent ~ 10 × (1000 × 

R_observable) ~ 10^4 R_observable ~ 10^29 m

With v_parent ~ 0.1c: T_recur ~ 10^29 m / (3×10^7 m/s) ~ 3×10^21 s ~ 

10^14 years

MUCH LONGER than current “age” of observable universe structures 

(~10^10 years).



IMPLICATION: Current structures formed from MOST RECENT major 

collision, with many previous cycles lost to entropy and mixing.

THERMAL EQUILIBRIUM:

Over infinite time with repeated collisions: • System approaches thermal 

equilibrium • Temperature determined by balance between: - Heating from 

collisions (energy input) - Cooling from expansion and radiation (energy 

loss)

Equilibrium temperature: T_eq ~ (E_collision / N_particles k_B)^(1/4) 

(Stefan-Boltzmann scaling)

For current observed T_CMB ~ 2.7 K: Implies collision energy dissipation 

has reached quasi-equilibrium with characteristic time τ_cool ~ T_recur

ENTROPY EVOLUTION:

Unlike ΛCDM where entropy increases from low-entropy initial state, SCT 

has: • No low-entropy beginning • Entropy fluctuates with collision cycles • 

Net entropy production per cycle positive (2nd law) • Over infinite time: 

entropy unbounded (no heat death paradox because universe infinite in 

space, P2)

TIED TO PREMISES: • P30: Collisions repeat in cycles • P31: Multiple 

events shape current state • P1-P4: Eternal timescales

MATHEMATICAL STATUS:  RECURRENCE TIMESCALE ESTIMATED  ✓ ⚠

THERMAL EQUILIBRIUM ANALYSIS REQUIRES: - Detailed energy balance 

(heating vs cooling rates) - Statistical mechanics of infinite system - Entropy 

production per cycle (Section XV Tier 2 task)



SUBSECTION VI.9: OBSERVATIONAL SIGNATURES OF 

COLLISION MECHANISM

From Premises P24-P31:

If successive collisions occurred as described, several distinctive 

observational signatures should exist:

SIGNATURE 1: ASYMMETRY FROM PARENT POCKET MOTION 

(P63)

Shock propagating from parent pocket motion direction creates: • Dipole 

anisotropy in CMB (observed: ΔT/T ~ 10^-3 toward Leo) • Alignment of 

CMB multipoles (claimed “Axis of Evil” , controversial) • Bulk flow of galaxy 

clusters (observed: ~600 km/s toward Centaurus)

SCT prediction: These are REMNANTS of most recent collision direction.

Testable: Correlation between CMB dipole, bulk flows, and large-scale 

structure alignment.

SIGNATURE 2: SHOCK FRONT REMNANTS

If collision occurred ~10^10 years ago: • Shock front now at distance ~ 

v_shock × 10^10 yr ~ 0.1c × 3×10^17 s ~ 10^25 m • Beyond current 

observable horizon if v_shock < c • But shock-heated regions within 

observable universe should show: - Age gradients (regions farther from 

shock origin younger) - Temperature gradients (hotter closer to origin, if 

recent) - Density gradients (compression vs expansion zones)

Currently NOT observed clearly, but: • Hemispherical power asymmetry in 

CMB (observed) could be remnant • Large-scale velocity flows (observed) 

could be shock-induced

SIGNATURE 3: NUCLEOSYNTHESIS VARIATIONS



If different pockets experienced different shock strengths: • Spatial 

variations in D/H, ³He/H, ⁴He/H ratios • Currently observed: D/H varies by 

~10% across different sightlines • ⁴He/H remarkably uniform (~0.08) → 

suggests thorough mixing or similar shock conditions

Testable: High-precision abundance measurements in distant vs nearby 

regions.

SIGNATURE 4: REPEATED COLLISION EVIDENCE

If T_recur ~ 10^14 years but structures form on ~10^10 years: • Current 

structures formed from MOST RECENT collision • Previous collision 

remnants erased by entropy • BUT: Oldest stars (~13 Gyr) should show 

chemical signatures of PRE-COLLISION medium (metal-poor if stellar 

nucleosynthesis just beginning)

Observed: Extremely metal-poor stars exist ([Fe/H] < -5) → consistent with 

early post-collision epoch.

SIGNATURE 5: NO HORIZON PROBLEM ARTIFACTS

ΛCDM requires inflation to solve horizon problem (causally disconnected 

regions have same temperature).

SCT has NO horizon problem (universe always infinite, P21), so: • No need 

for fine-tuning of inflation parameters • No predictions of bubble collisions 

or multiverse

Testable: Lack of features expected from bubble collision (none observed → 

consistent with SCT).

TIED TO PREMISES: • P24-P31: Collision mechanism • P52: Parent frame 

motion • P21: No horizon problem



MATHEMATICAL STATUS:  QUALITATIVE SIGNATURES IDENTIFIED  ✓ ⚠

QUANTITATIVE PREDICTIONS REQUIRE: - Detailed shock simulation 

(Section XI) - CMB analysis (Section VII) - Nucleosynthesis calculation 

(Section X)

SUBSECTION VI.10: CRITICAL GAPS AND DERIVATION 

REQUIREMENTS

WHAT WE HAVE ESTABLISHED:

 Successive collisions replace Big Bang (P18-P23 → P24-P31)  Pre-✓ ✓
existing matter at finite density (P2-P3)  Shock physics produces heating ✓
(Rankine-Hugoniot conditions)  Superluminal phase velocity conceptually ✓
explained (v_phase > c, v_group ≤ c)  Energy budget sufficient for ✓
observed thermal state  Nucleosynthesis window exists in shock-heated ✓
regions  Observational signatures identified✓

WHAT REQUIRES COMPLETION:

 TIER 1 DERIVATIONS (Sections VII, VIII, X, XI):⚠

CMB TEMPERATURE AND ANISOTROPIES (Section VII) - Derive T_CMB = 

2.725 K from collision thermalization - Calculate angular power spectrum 

C_  from shock irregularities - Compare with Planck satellite observations - ℓ

Predict deviations from ΛCDM at large/small angular scales

REDSHIFT-DISTANCE RELATION (Section VIII) - Already covered in 

Section V foundation - Apply to post-collision expansion/structure

NUCLEOSYNTHESIS YIELDS (Section X) - Solve nuclear reaction network 

in shock-heated regions - Calculate D/H, ³He/H, ⁴He/H, ⁷Li/H as function of 

shock parameters - Compare with observed primordial abundances - 

Identify parameter space matching observations



STRUCTURE FORMATION (Section XI) - Simulate density perturbations 

from shock instabilities - Gravitational collapse into galaxies and clusters - 

Compare with observed large-scale structure statistics - Predict differences 

from ΛCDM (no inflation-scale perturbations)

 TIER 2 DERIVATIONS (Section XV):⚠

PRE-COLLISION DENSITY AND TEMPERATURE PROFILES - Specify ρ(r, 

scale), T(r, scale) before collision - Justify from gravitational equilibrium and 

eternal evolution - Provide as initial conditions for shock simulation

SUPERLUMINAL PHASE VELOCITY DISPERSION RELATION - Derive ω(k) 

for shock in nested pocket medium - Calculate v_phase = ω/k and v_group = 

dω/dk - Verify v_phase > c while v_group ≤ c - Confirm no causality 

violation

SHOCK PROPAGATION IN NESTED GEOMETRY - Solve shock equations in 

medium with hierarchical density structure - Account for gravitational fields 

of parent and child pockets - Determine shock velocity profile v_shock(r, t) - 

Calculate energy deposition E(r, t)

THERMAL EQUILIBRIUM ANALYSIS - Energy balance: collision heating vs 

radiative/adiabatic cooling - Equilibrium temperature T_eq as function of 

collision frequency - Entropy production per cycle - Statistical mechanics of 

infinite repeated system

 OBSERVATIONAL REQUIREMENTS:⚠

COLLISION TIMESCALE CONSTRAINTS - Most recent collision: t_collision 

~ ? (10^10 years suggested) - Recurrence time: T_recur ~ ? (10^14 years 

suggested) - Constrain from: * Oldest stellar populations (age ~ 13 Gyr) * 

Lack of shock front artifacts in current observations * CMB temperature 

uniformity relaxation time



SHOCK VELOCITY CONSTRAINTS - Must produce T_peak ~ 109-1010 K for 

nucleosynthesis - Requires v_shock ~ 0.01c to 0.1c - Must be subsonic in 

parent pocket medium (else no shock forms) - Constrain from 

nucleosynthesis yields (Section X)

PARENT POCKET PARAMETERS - Mass M_parent: constrained by 

gravitational effects on child pockets - Velocity v_parent: constrained by 

bulk flows and CMB dipole - Size L_parent: constrained by structure 

correlation lengths - All require precision observations (weak lensing, 

peculiar velocities)

 SECTION VI: DARK ENERGY AND THE EFFECTIVE COSMOLOGICAL 

CONSTANT 

The  cosmological  constant  Λ  represents  one  of  the  most  profound 

mysteries  in  contemporary  physics:  observations  require  a  positive  Λ 

driving  accelerated  cosmic  expansion,  yet  quantum field  theory  predicts 

vacuum energy  densities  differing  by  ~120 orders  of  magnitude.  ΛCDM 

treats Λ as a fundamental constant representing vacuum energy. Successive 

Collision Theory accepts the observational reality of metric expansion but 

reinterprets Λ as a dynamical ratio Λ_eff emerging from orbital decay and 

gravitational  mesh  dissipation  across  nested  parent  pockets  (P14-P19), 

potentially resolving both the fine-tuning problem and the Hubble tension. 

This section formalizes the SCT dark energy mechanism, identifies required 

mathematical derivations, and specifies observational discriminants.

 VI.A, ΛCDM’S COSMOLOGICAL CONSTANT: OBSERVATIONAL 

CONTEXT 

Observational Evidence for Accelerated Expansion



Multiple independent observations require a positive cosmological constant 

or dark energy component driving accelerated metric expansion:

1. Type Ia Supernovae Distance-Redshift Relation Observations of SNe Ia at 

z ~ 0.5-1.0 show luminosity distances exceeding expectations from matter-

dominated universe, indicating accelerated expansion (Riess et al. 1998; 

Perlmutter et al. 1999).

Distance modulus: μ = m - M = 5 log₁₀(d_L / 10 pc)

Luminosity distance in flat FLRW universe: d_L(z) = (1+z) c ∫₀^z dz’ / H(z’)

Hubble parameter with Λ: H(z)² = H₀² [Ω_m (1+z)³ + Ω_Λ]

Best fit: Ω_Λ ≈ 0.69, Ω_m ≈ 0.31

2. CMB Acoustic Peak Structure Planck satellite measurements of CMB 

power spectrum C_  constrain spatial geometry and energy composition: ℓ

Ω_total = 1.000 ± 0.005 (spatially flat) Ω_Λ = 0.6889 ± 0.0056 H₀ = 67.4 ± 

0.5 km/s/Mpc (from CMB+BAO)

3. Baryon Acoustic Oscillations (BAO) Characteristic scale r_s ≈ 150 Mpc 

imprinted in galaxy distribution provides standard ruler for measuring 

expansion history H(z). BOSS, eBOSS, DESI surveys confirm accelerated 

expansion consistent with Λ.

4. Growth of Structure Rate of structure growth (σ₈, weak lensing) slower 

than expected in matter- dominated universe, consistent with Λ-dominated 

late-time expansion suppressing gravitational collapse.

ΛCDM Interpretation: Vacuum Energy

Standard interpretation: Λ represents vacuum energy density ρ_Λ:

Λ = 8πG ρ_Λ / c² ≈ 1.1 × 10^{-52} m^{-2}

ρ_Λ = Λ c² / (8πG) ≈ 6 × 10^{-27} kg/m³



Equation of state: w = p_Λ / ρ_Λ = -1 (constant)

Einstein field equations with Λ: G_μν + Λ g_μν = (8πG/c⁴) T_μν

This produces FLRW metric with scale factor evolution: ds² = -c²dt² + a(t)² 

[dr² + r²(dθ² + sin²θ dφ²)]

Friedmann equation: (ȧ/a)² = H² = (8πG/3)ρ + Λ/3

Late-time acceleration requires Λ > 0.

The Cosmological Constant Problem

Quantum field theory predicts vacuum energy from zero-point fluctuations:

ρ_vacuum,QFT ~ ∑_fields (ℏ ω / 2V) ~ (ℏ c / _Planck⁴) ~ 10^{96} kg/m³ℓ

Discrepancy: ρ_Λ,observed / ρ_vacuum,QFT ~ 10^{-123}

This ~120 orders-of-magnitude fine-tuning constitutes the worst prediction 

in physics. ΛCDM offers no explanation for why vacuum energy is precisely 

this value, nor why it dominates only recently in cosmic history (ρ_Λ ~ ρ_m 

at z ~ 0.3).

The Hubble Tension

Early-universe measurements (CMB, BAO): H₀ = 67.4 ± 0.5 km/s/Mpc

Late-universe measurements (SNe Ia distance ladder): H₀ = 73.0 ± 1.0 

km/s/Mpc

Discrepancy: 5.0σ statistical significance, suggesting systematic error or 

new physics. ΛCDM with constant Λ cannot simultaneously explain both 

measurements without invoking additional components (early dark energy, 

modified recombination, etc.).

 VI.B, SCT’S REINTERPRETATION: ORBITAL DECAY DRIVES 

METRIC EXPANSION (P14-P16) 



Orbital Decay as Energy Dissipation (P14)

Premise P14: All orbits decay over time; predominantly outward decay 

increases separations between objects at each hierarchical level, dissipating 

average gravitational well strength.

Physical  mechanisms  driving  orbital  decay:  1.  Gravitational  wave 

radiation  (especially  close  binaries)  2.  Tidal  friction  (energy  transfer  to 

internal  degrees  of  freedom)  3.  Three-body  interactions  (dynamical 

scattering) 4. Dynamical friction (gravitational drag in many-body systems)

Two-body gravitational wave decay rate (Peters 1964):

da/dt = -(64/5) (G³/c⁵) (m₁ m₂ (m₁+m₂)) / a³

For typical galactic-scale objects (m ~ 10^{11} M_ , a ~ 1 Mpc):☉

τ_decay,GW ~ a⁴ c⁵ / (G³ m³) ~ 10^{18} yr >> age_universe

However, multi-body dynamical friction operates faster:

τ_friction ~ v σ_v / (4π G² m² ρ ln Λ)

For cluster-scale systems: τ_friction ~ few Gyr (observable timescales).

Critical insight: While individual orbital decay timescales vary, the 

statistical tendency across the nested hierarchy is predominantly outward 

decay, leading to secular increase in average separations.

Net effect: Average separation ⟨r_{ij}⟩ increases → gravitational binding 

energy |U| decreases → gravitational “mesh strength” dissipates.

Gravitational binding energy evolution:

U(t) = -∑{i<j} G m_i m_j / r{ij}(t)

As r_{ij} increases via orbital decay: dU/dt > 0 (becomes less negative)



Mesh strength (operationally defined): Mesh_strength ≡ |U| = -U (positive 

quantity)

d(Mesh_strength)/dt = -dU/dt < 0 (decreasing over time)

MATHEMATICAL COMMITMENT: Must compute aggregate orbital decay 

rate across nested hierarchy and its effect on cumulative gravitational 

potential.

Mesh Dissipation Produces Observable Metric Expansion (P15, P16)

Premise P15 [CORRECTED]: “When this dissipation occurs across a 

nested  succession  of  parent  comoving  frames,  each  providing  a  base 

perception of space and time to child objects, observers at our scale factor 

would interpret the net  effect as if  the ‘fabric of  spacetime’  were being 

pulled apart. To us, it would look exactly like the apparent exponentially 

increasing rate of metric expansion that we have unsuccessfully tried to 

blame on vacuum energy.”

Premise P16: Dark energy is not vacuum energy. Instead, it is related 

to  the  dissipation  of  the  average  gravitational  tensor  “mesh  strength” 

across a nested succession of parent comoving frames of reference.

Key Clarification: SCT does NOT deny metric expansion. Galaxies ARE 

moving  apart,  spacetime  IS  expanding  with  scale  factor  a(t),  and  this 

produces redshift via wavelength stretching λ_obs = (a_obs/a_emit) λ_emit.

What SCT rejects: the ΛCDM explanation that Λ is fundamental vacuum 

energy.

What SCT proposes: Metric expansion is driven by an effective Λ_eff arising 

from mesh dissipation in the nested parent succession, NOT from quantum 

vacuum.



Operational  mechanism:  1.  Parent  pocket  α+1  has  gravitational 

binding energy U^(α+1)(t) 2. Orbital decay causes dU^(α+1)/dt > 0 (mesh 

weakening) 3. Child pocket α inherits weakened gravitational environment 

4.  Cumulative  weakening  across  all  parents  α+1,  α+2,  α+3,  …  creates 

effective  negative  pressure  (repulsive  gravity)  5.  This  negative  pressure 

drives accelerated metric expansion within pocket α

Physical picture: Our observable universe (pocket α=0) is embedded 

within a succession of parent pockets whose mutual gravitational binding is 

dissipating. This dissipation manifests locally as an effective cosmological 

constant Λ_eff driving metric expansion, producing the FLRW dynamics we 

observe, but with physical origin in mesh dissipation rather than vacuum 

energy.

GR CONSISTENCY REQUIREMENT: Must demonstrate that mesh 

dissipation produces effective stress-energy component T_μν^(Λ_eff) with 

equation of state w ≈ -1 that sources metric expansion through Einstein 

field equations.

 VI.C, Λ AS DYNAMICAL RATIO (P17) 

Reinterpretation of Λ (P17)

Premise P17: The cosmological constant Λ should be interpreted as a ratio:

Λ_eff ∝ [U_parent / U_local]

where: • U_local = localized gravitational well strength within pocket α • 

U_parent = cumulative gravitational influence from parent succession • 

Proportionality constant has dimensions [length]^{-2}

Physical interpretation: Λ_eff quantifies competition between: - Local 

gravitational binding (resisting expansion) - Parent-frame mesh dissipation 

(driving expansion)



When parent mesh weakens (|U_parent| decreases), ratio increases → Λ_eff 

increases → expansion accelerates.

Dimensional Analysis and Functional Form

Gravitational binding energy: [U] = energy = kg m² s^{-2}

Ratio: U_parent / U_local = dimensionless

Cosmological constant: [Λ] = [length]^{-2}

Full functional form must be:

Λ_eff = κ × f(U_local, U_parent, …)

where κ has dimensions [length]^{-2} and f is dimensionless function.

Natural choices for κ:

(1) Geometric: κ ~ 1 / R_parent² where R_parent is characteristic scale of 

parent pocket

(2) Gravitational: κ ~ 8πG / (c² M_parent R_parent) connects to 

gravitational coupling at parent scale

(3) Curvature-based: κ ~ 8πG / c⁴ standard Einstein equation coupling

MATHEMATICAL  REQUIREMENT:  Derive  κ  from  first  principles 

rather than treating as free parameter. Requires understanding how parent 

mesh couples to local metric.

Proposed Functional Forms

Several possibilities for dimensionless function f:

(A) Simple ratio (superseded): f = U_local / U_parent

(B) Logarithmic (problematic with negative U): f = ln|U_local / U_parent|



(C) Adopted form: f = U_parent / U_local (cumulative parent dissipation 

over local mesh strength)

(D) Rate-of-change ratio: f = (dU_parent/dt) / |U_parent| emphasizes 

dissipation rate

(E) Mesh competition: f = (|U_parent| - |U_local|) / |U_parent|

When parent mesh weakens: |U_parent| ↓ → f ↓ → depends on ratio 

direction

Resolution of Ratio Direction

P17 states “ratio between localized strength… and cumulative influence of 

parent frames they are competing against.”

Interpretation: Local wells compete AGAINST parent influence.

If local binding is STRONG relative to parent dissipation: → Local gravity 

dominates → Resists expansion → Λ_eff should be SMALL

If parent dissipation is STRONG relative to local binding: → Parent mesh 

weakening dominates → Drives expansion → Λ_eff should be LARGE

This logic suggests:

Λ_eff ∝ |U_parent| / |U_local| (inverse ratio)

When |U_parent| decreases (dissipation): numerator ↓ But when |U_local| ~ 

constant: ratio ↓ → Λ_eff ↓

This contradicts P18 prediction of exponential increase!

ALTERNATIVE INTERPRETATION:

If mesh strength ≡ |U|, then “dissipation of mesh strength” means |U| → 0.

Define effective repulsion strength from mesh dissipation:

Repulsion_strength ~ 1/|U_parent| (inverse of binding)



Then: Λ_eff ∝ Repulsion_strength / |U_local| ∝ 1 / (|U_parent| × |U_local|)

Or, if local structure provides “resistance” to parent-driven expansion:

Λ_eff ∝ f(mesh_dissipation) / f(local_resistance)

Where mesh dissipation increases as |U_parent| decreases.

MATHEMATICAL GAP, CRITICAL: The precise functional form Λ_eff = 

f(U_local,  U_parent)  must  be  rigorously  derived  from  gravitational  field 

equations in nested geometry. P17 provides conceptual structure but leaves 

mathematical details underdetermined.

Working Hypothesis for Derivations [CONJECTURAL / OPEN - derivation 

deferred]:

Adopt form consistent with P18 exponential growth:

Λ_eff(t) = κ / |U_parent(t)|

where |U_parent| decreases exponentially due to orbital decay:

|U_parent(t)| = |U₀| exp(-t / τ_decay)

Then:  Λ_eff(t)  =  (κ  /  |U₀|)  exp(t  /  τ_decay).  NOTE:  this  postulated 

inverse form is adopted to make the sign consistent with the §VI.D growth 

premise;  it  is  NOT  derived  from the  Einstein  field  equations  here.  The 

functional  form of  Λ_eff(x,t)  and  the  dimensioned  constant  κ  remain  an 

OPEN task  (Task  D1.3)  requiring  future  work,  and as  shown above  the 

directly motivated ratio form gives the opposite sign. This paper therefore 

does NOT claim the cosmological-constant problem is completely resolved; 

the  dynamical-Λ  mechanism  is  presented  as  [CONJECTURAL  / 

MOTIVATED], pending a first-principles derivation. The empirically adopted 

late-time behavior is the quintessence-like (w₀, w_a) form of Paper 10, not 

the exponential-growth limit.



This will be used for subsequent quantitative estimates pending rigorous 

derivation.

 VI.D, TEMPORAL EVOLUTION: EXPONENTIAL GROWTH (P18) 

Long-Term Exponential Increase (P18)

Premise P18: Over long timescales, dark energy from mesh dissipation 

predicts expansion rate increasing exponentially.

Physical  reasoning:  1.  Parent  orbital  decay → |U_parent|  decreases 

exponentially 2. If Λ_eff ∝ 1/|U_parent|, then Λ_eff increases exponentially 3. 

This drives accelerating expansion with a(t) ∝ exp(H_Λ t) asymptotically

Mathematical framework:

Assume parent mesh dissipation follows: |U_parent(t)| = |U₀| exp(-t / 

τ_decay)

where τ_decay is characteristic orbital decay timescale (positive).

Then: Λ_eff(t) = Λ₀ exp(t / τ_decay)

Friedmann equation for Λ-dominated expansion: H²(t) ≈ Λ_eff(t) / 3

H(t) = H_Λ exp(t / 2τ_decay)

Scale factor evolution (integrating dȧ/dt = a H): a(t) ∝ exp[∫ H dt] ∝ 

exp[H_Λ τ_decay exp(t / 2τ_decay)]

For t << τ_decay (early times): exp(t / 2τ_decay) ≈ 1 + t/(2τ_decay)

a(t) ≈ exp[H_Λ τ_decay (1 + t/2τ_decay)] ≈ exp[H_Λ t] (approximately 

exponential with constant H)

For t → τ_decay and beyond: Super-exponential growth (phantom-like)

Equation of State Evolution

Dark energy equation of state:



w(a) = -1 - (1/3) d ln ρ_Λ / d ln a

For ρ_Λ ∝ Λ_eff ∝ exp(t/τ):

d ln ρ_Λ / dt = 1/τ

In matter-dominated era with a ∝ t^{2/3}: d ln a / dt = (2/3) / t

w ≈ -1 - (1/3) × (1/τ) / (2/3t) = -1 - t/(2τ)

For t << τ: w ≈ -1 (mimics cosmological constant) For t ~ τ: w < -1 

(phantom regime) For t >> τ: w → -∞ (super-phantom)

Current observations constrain: w = -1.03 ± 0.03

This implies τ_decay >> t_universe ≈ 13.8 Gyr, consistent with slow secular 

orbital decay at parent scales.

Estimate: τ_decay ~ 50-100 Gyr

OBSERVATIONAL  COMMITMENT:  Future  high-precision 

measurements  (DESI,  Euclid,  Roman)  will  constrain  w(z)  evolution. 

Detection of w(z) ≠ -1 at 2σ level by 2030 would support or refute SCT’s 

exponential growth prediction.

MATHEMATICAL REQUIREMENT: Derive τ_decay from orbital dynamics of 

parent pockets (N-body simulations or analytical estimates from virial 

theorem and dynamical friction timescales).

 VI.E, SPATIAL AND TEMPORAL VARIABILITY (P19) 

Fluctuations in Λ_eff (P19)

Premise P19: Since Λ becomes a ratio varying in space and time, temporary 

deviations from exponential growth occur when: (A) Localized overlapping 

wells stronger than average (U_local anomalously large) (B) Most direct 

parent structures moving toward each other (U_parent increasing)



Spatial Variations

Λ_eff varies with local environment. Different regions have different 

local gravitational binding U_local:

Voids (low density, weak local binding): |U_local,void| small → depends on 

ratio form

Clusters (high density, strong local binding): |U_local,cluster| large → 

depends on ratio form

If Λ_eff ∝ 1/|U_parent| (independent of U_local to first order), then spatial 

variations arise from local parent pocket structure variations.

More generally, if Λ_eff = f(U_local, U_parent), variations come from both: • 

Local density perturbations δρ/ρ ~ 0.01-1 • Parent pocket structure 

inhomogeneities

Predicted fractional variation: δΛ/Λ ~ δU/U ~ (v²/c²) + (ΔΦ/c²) ~ 10^{-6} 

(cosmic web) ~ 10^{-4} (clusters) ~ 10^{-3} (parent pocket motions)

OBSERVATIONAL SIGNATURE: Expansion rate H varies with environment:

H_cluster / H_void = √(Λ_cluster / Λ_void)

For δΛ/Λ ~ 0.01: δH/H ~ 0.005 (0.5% variation)

Current measurements (∆H₀ ~ 5 km/s/Mpc over H₀ ~ 70 km/s/Mpc) suggest 

~7% variation, potentially consistent with SCT if parent pocket effects are 

included.

Temporal Variations

Parent pockets’ relative motions fluctuate on timescales ~ orbital periods:

τ_orbital,parent ~ 2π √(R³_parent / GM_parent)



For parent pocket with: M_parent ~ 10⁴ × M_observable ~ 10^{57} kg 

R_parent ~ 10⁴ × R_observable ~ 500 Gpc

τ_orbital ~ 10-100 Gyr

Within an orbital period, parent structures can: • Approach: dU_parent/dt < 

0 (binding strengthens) → Λ_eff decreases • Recede: dU_parent/dt > 0 

(binding weakens) → Λ_eff increases

Fractional variation over one cycle: ΔΛ/Λ ~ (Δr/r) ~ eccentricity ~ 0.1-0.3 

(typical orbits)

This can produce 10-30% fluctuations in Λ_eff over ~50 Gyr timescales.

Hubble Tension Resolution Mechanism

CMB at z ≈ 1100 (t ≈ 380,000 yr after collision thermalization): 

Λ_eff(z_CMB) = Λ_early

Local SNe at z ≈ 0 (t ≈ 13.8 Gyr): Λ_eff(z≈0) = Λ_late

If Λ_eff has increased from early to late times (P18):

Λ_late / Λ_early = exp[(t_late - t_early) / τ_decay] = exp[13.8 Gyr / τ_decay]

Hubble parameter: H²(z) = H₀² [Ω_m(1+z)³ + Ω_Λ(z)]

At z=0: H₀² ~ Ω_Λ,late At z→∞: H² ~ Ω_m (1+z)³ (matter-dominated)

CMB+BAO measurements constrain early-universe expansion via sound 

horizon: r_s = ∫ c_s dt / a ∝ 1/√H

If H_early is computed assuming Λ_early, but actual Λ has evolved to Λ_late, 

then inferred H₀ values will differ.

Quantitative estimate:

Observed Hubble tension: H₀,late / H₀,early ≈ 73.0 / 67.4 ≈ 1.083

If Ω_Λ,late / Ω_Λ,early ≈ (H₀,late / H₀,early)² ≈ 1.17:



Λ_late / Λ_early ≈ 1.17

From exponential model: 1.17 = exp(13.8 Gyr / τ_decay)

τ_decay = 13.8 Gyr / ln(1.17) ≈ 88 Gyr

This is consistent with P18 prediction (τ >> age_universe) and provides 

natural explanation for Hubble tension without invoking early dark energy 

or modified recombination.

OBSERVATIONAL  DISCRIMINANT:  If  Hubble  tension  resolves 

through improved systematics  showing H₀,early  ≈ H₀,late,  then SCT’s  Λ 

evolution explanation is falsified. Conversely,  if  tension persists and H(z) 

measurements show evolution, SCT is supported.

 VI.F, MATHEMATICAL FRAMEWORK AND EINSTEIN EQUATIONS 

Modified Einstein Field Equations

SCT proposes that Λ in Einstein equations is effective quantity Λ_eff(x,t) 

arising from mesh dynamics:

G_μν + Λ_eff(x,t) g_μν = (8πG/c⁴) T_μν^(matter)

where Λ_eff is determined by parent mesh dissipation (P14-P19), not 

vacuum energy.

This produces standard FLRW metric for our observable patch:

ds² = -c²dt² + a(t)² [dr² + r²dΩ²]

with scale factor evolution:

(ȧ/a)² = H² = (8πG/3) ρ_m + Λ_eff(t)/3

Key distinction from ΛCDM: Λ_eff is not constant, varies spatiotemporally 

per P19.

Effective Dark Energy Stress-Energy Tensor



Rewrite field equations as: G_μν = (8πG/c⁴) [T_μν^(matter) + T_μν^(Λ_eff)]

where: T_μν^(Λ_eff) = -(c⁴ / 8πG) Λ_eff(x,t) g_μν

In comoving frame with perfect fluid form:

ρ_Λ = T^(Λ_eff)_{00} / c² = (c² / 8πG) Λ_eff

p_Λ = T^(Λ_eff)_{ii} / 3 = -(c⁴ / 8πG) Λ_eff / 3 = -ρ_Λ c²

Equation of state: w = p_Λ / (ρ_Λ c²) = -1 (if Λ_eff approximately constant 

locally)

For time-varying Λ_eff(t): ρ_Λ(t) = (c² / 8πG) Λ_eff(t)

w(t) = -1 - (1/3) d ln ρ_Λ / d ln a = -1 - (1/3) (1/Λ_eff) (dΛ_eff/dt) / (ȧ/a) = -1 - 

(1/3) (1/Λ_eff) (dΛ_eff/dt) / H

For Λ_eff ∝ exp(t/τ): dΛ_eff/dt = Λ_eff / τ

w = -1 - (1/3) (1/τ) / H = -1 - 1/(3 H τ)

For current epoch: H ~ 70 km/s/Mpc ~ 2×10^{-18} s^{-1}, τ ~ 88 Gyr ~ 

3×10^{18} s:

w ≈ -1 - 1/(3 × 6) ≈ -1.06

Present-day equation of state w₀ = −0.90 ± 0.03 (thawing), crossing w = −1 

near z ≈ 1.1; consistent with the DESI DR2 dynamical-dark-energy 

preference.

Bianchi Identity Consistency

Taking covariant derivative of Einstein equations:

∇^μ [G_μν + Λ_eff g_μν] = (8πG/c⁴) ∇^μ T_μν^(matter)

Bianchi identity: ∇^μ G_μν = 0

Energy-momentum conservation: ∇^μ T_μν^(matter) = 0



Therefore: ∇^μ [Λ_eff g_μν] = 0

Expanding: g_μν ∇^μ Λ_eff + Λ_eff ∇^μ g_μν = 0

Metric compatibility (∇^μ g_μν = 0) gives: g_μν ∇^μ Λ_eff = 0

∇^ν Λ_eff = 0

This requires Λ_eff = constant, contradicting P18-P19!

RESOLUTION STRATEGY 1: Effective Stress-Energy with Source

If Λ_eff arises from parent mesh dynamics, varying Λ_eff represents energy 

transfer between parent and child pockets:

∇^μ T_μν^(matter) + ∇^μ T_μν^(Λ_eff) = Q_ν

where Q_ν is energy-momentum transfer between pockets.

Then Bianchi identities require: ∇^μ G_μν = (8πG/c⁴) Q_ν

This is consistent if Q_ν represents parent-child gravitational coupling.

RESOLUTION STRATEGY 2: Λ_eff as Functional of Metric

If Λ_eff = Λ_eff[g_μν] depends functionally on metric (since mesh strength 

depends on curvature), then:

δ/δg_μν [Λ_eff g_μν] includes functional derivative terms

Variational principle yields modified Einstein equations: G_μν + Λ_eff g_μν 

+ (functional derivative terms) = (8πG/c⁴) T_μν

This is similar to f(R) modified gravity theories, where consistency is 

maintained through functional dependence.

GR CONSISTENCY CHECK REQUIRED, CRITICAL: Must rigorously 

demonstrate that variable Λ_eff(x,t) from mesh dissipation satisfies Bianchi 

identities  through  one  of  these  mechanisms.  This  is  essential  for 

mathematical consistency.



Energy-Momentum Conservation

For separate components: ∇_μ T^(matter)μν = -Q^ν ∇_μ T^(Λ_eff)μν = 

+Q^ν

Total conservation: ∇_μ [T^(matter) + T^(Λ_eff)]^μν = 0

In FLRW coordinates with ∇_μ T^μ0 = 0:

d(ρ_m a³)/dt = -Q⁰ a³

d(ρ_Λ a³)/dt = +Q⁰ a³

If Λ_eff increases (ρ_Λ increases), dark energy gains energy at expense of 

matter, or from parent pocket injection.

Physical interpretation: Parent mesh dissipation injects energy into our 

pocket, manifesting as increasing Λ_eff.

MATHEMATICAL REQUIREMENT: Derive explicit form of Q^μ from 

parent-child coupling and verify energy conservation across nested 

hierarchy.

 VI.G, OBSERVATIONAL DISCRIMINANTS AND FALSIFICATION 

CRITERIA 

1. Hubble Tension Resolution

PREDICTION: H₀,late / H₀,early ≈ 1.08 from Λ_eff evolution over 13.8 Gyr

OBSERVATIONAL TEST: • High-precision H(z) measurements from DESI 

(BAO) + Roman (SNe) covering 0 < z < 2 • Improved CMB analysis (Simons 

Observatory, CMB-S4) for z ~ 1100 • Gravitational wave standard sirens 

(LIGO-Virgo-KAGRA) for model-independent H₀



FALSIFICATION: If high-precision measurements show systematic errors 

explain tension and H₀,early = H₀,late to within 1%, SCT’s Λ evolution is 

ruled out.

SUPPORT: If tension persists and intermediate-z measurements show 

smooth evolution consistent with exp(t/τ), strongly supports SCT.

2. Dark Energy Equation of State Evolution

PREDICTION: w(z) evolves from w ≈ -1 at high z toward w ≈ -1.06 at z=0, 

with form: w(a) ≈ -1 - (1/3τH₀) (1/a^{3/2}) for matter-dominated era

OBSERVATIONAL TEST: DESI (2024-2029), Euclid (2024-2030), Nancy 

Grace Roman (2027+) will measure w(z) to precision ±0.03

FALSIFICATION: If w(z) = -1.000 ± 0.01 across all redshifts with no 

evolution detected, exponential Λ growth (P18) is falsified.

SUPPORT: Detection of w crossing -1 (phantom transition) at 3σ confidence 

would strongly support SCT’s exponential growth mechanism.

3. Spatial Anisotropy in Expansion Rate

PREDICTION: Λ_eff varies with direction due to: • Parent pocket velocity 

dipole (P54): ΔH/H ~ v_parent/c ~ 10^{-3} • Large-scale structure: ΔH/H ~ 

ΔΛ/Λ ~ 0.01-0.1

OBSERVATIONAL TEST: • Directional H₀ measurements using SNe Ia in 

different sky regions • BAO anisotropy (parallel vs perpendicular modes) • 

Kinematic consistency checks (peculiar velocity surveys vs expansion)

Current hints: Colin et al. (2019) found marginal evidence for H₀ dipole at 

~2σ level.



FALSIFICATION: If expansion perfectly isotropic (ΔH/H < 10^{-3}) across 

all directions after systematic corrections, rules out significant Λ_eff 

variations from parent motion.

SUPPORT: Detection of H₀ dipole at 5σ with magnitude and direction 

correlating with CMB dipole strongly supports parent frame influence (P54).

4. Local Environmental Dependence

PREDICTION: Expansion rate varies with local gravitational environment 

(voids vs clusters) due to variable Λ_eff(U_local, U_parent)

OBSERVATIONAL TEST: • Measure H₀ separately in voids vs walls vs 

clusters using standardized distance indicators • Weak lensing 

measurements of geometry in different environments • Void-galaxy cross-

correlations

FALSIFICATION: If H(z) identical in all environments to <1% precision, 

rules out environmental dependence of Λ_eff.

5. Temporal Variation Over Human Timescales

PREDICTION: Fractional change per century: ΔΛ/Λ ~ (100 yr) / (88 Gyr) ~ 

10^{-9}

Current measurement precision insufficient, but multi-decade baselines may 

eventually detect.

OBSERVATIONAL TEST: Compare H₀ measurements spanning 1990s (HST 

Key Project) to 2020s (SH0ES) to 2040s (future missions) with rigorous 

systematic controls

FALSIFICATION: If Λ constrained constant over 50 years at 10^{-8} level, 

rules out τ_decay < 500 Gyr but allows τ_decay > 500 Gyr.

6. Correlation with Large-Scale Structure



PREDICTION: Regions where parent pockets recently passed through 

should show anomalous expansion rates or structure formation histories

OBSERVATIONAL TEST: Search for correlations between: • Giant 

structures (Big Ring, Giant Arc) and local H₀ measurements • Cosmic web 

filament orientations and expansion anisotropy • Bulk flow directions and 

Λ_eff gradients

FALSIFICATION: If no correlations found after accounting for expected 

cosmic variance, weakens SCT’s nested pocket framework.

 VI.H, REQUIRED DERIVATIONS AND PROOF TARGETS 

Critical Mathematical Derivations Required

1. Explicit Λ_eff functional form from mesh dynamics TASK: Derive Λ_eff = 

f(U_local, U_parent, decay_rates, …) from gravitational field equations in 

nested geometry STATUS: Conceptual ratio structure (P17) established; 

explicit formula requires solving coupled field equations across nested 

pockets PRIORITY: HIGHEST, foundation for all quantitative predictions

2. Dimensional coupling constant κ determination TASK: Compute κ 

connecting dimensionless energy ratio to Λ [m^{-2}] STATUS: Candidate 

forms identified (geometric, gravitational); first-principles derivation needed 

PRIORITY: HIGH, required for numerical predictions

3. Orbital decay timescale τ_decay from N-body dynamics TASK: Calculate 

aggregate τ_decay for parent pocket system from dynamical friction, GW 

radiation, tidal effects STATUS: Order-of-magnitude estimate ~88 Gyr; 

detailed N-body simulation or analytical calculation required PRIORITY: 

HIGH, determines Λ evolution rate and w(z) predictions

4. Bianchi identity consistency proof TASK: Demonstrate ∇^μ[G_μν + Λ_eff 

g_μν] = 0 for variable Λ_eff via:



(a) Energy exchange term Q^μ derivation, OR

(b) Functional dependence Λ_eff[g_μν] specification STATUS: Two 

resolution strategies identified; explicit proof required PRIORITY: 

CRITICAL, mathematical consistency of framework

5. Energy-momentum exchange term Q^μ TASK: Derive explicit Q^μ from 

parent-child gravitational coupling STATUS: Conceptual framework 

outlined; calculation requires parent-pocket field specification PRIORITY: 

HIGH, required for conservation law verification

6. Hubble tension quantitative prediction TASK: Compute H₀,late/H₀,early 

from Λ_eff(t) evolution with realistic cosmological parameters STATUS: 

Order-of-magnitude estimate ~1.08; precision calculation requires solving 

Friedmann equations with Λ_eff(t) PRIORITY: HIGH, primary observational 

test

7. Spatial Λ anisotropy from parent motion TASK: Derive angular 

dependence Λ_eff(θ,φ) from parent pocket velocity (P54) and compute 

dipole/quadrupole/higher multipoles STATUS: Qualitative prediction made; 

angular power spectrum calculation needed PRIORITY: MEDIUM, 

distinguishes SCT from ΛCDM

8. Environmental dependence Λ_eff(ρ_local) TASK: Compute how U_local 

variations with environment affect Λ_eff STATUS: RESOLVED - canonical 

form is U_parent/U_local (cumulative parent dissipation over local mesh 

strength), consistent with the dark-energy treatment (Paper 7, Premise P17) 

PRIORITY: MEDIUM, additional observational discriminant

Required GR/SR Consistency Checks

1. Einstein equations satisfied globally: G_μν + Λ_eff g_μν = (8πG/c⁴) T_μν 

with derived Λ_eff(x,t)



2. Bianchi identities: ∇^μ[G_μν + Λ_eff g_μν] = 0 demonstrated explicitly

3. Energy conditions:

• Weak energy condition (WEC): ρ_Λ ≥ 0 → Λ_eff ≥ 0  satisfied✓

• Dominant energy condition (DEC): |p_Λ| ≤ ρ_Λ c² → violated for w < -1 

(phantom regime), but acceptable if transient

• Strong energy condition (SEC): ρ_Λ + 3p_Λ ≤ 0 → violated (drives 

acceleration)

4. Causality: No superluminal signal propagation from Λ_eff variations; 

verify characteristic speeds remain subluminal

5. Stability: Perturbations δΛ_eff around background do not grow 

catastrophically; check Jeans-like instability criteria

Required Observational Consistency Checks

1. Supernova distance moduli: Predicted μ(z) from ∫dz/H(z) with Λ_eff(z) 

must match Pantheon+ sample to <0.15 mag RMS

2. CMB acoustic scale: Angular size θ_A(z=1100) must match Planck: θ_A = 

r_s(z_dec) / D_A(z_dec) = 0.596° ± 0.001°

3. BAO scale evolution: Predicted D_V(z) = [z D_M²(z) / H(z)]^{1/3} must 

match BOSS/eBOSS measurements at z = 0.3, 0.5, 0.7, 1.5

4. Structure growth rate: f σ₈(z) from RSD measurements must match 

predicted growth suppression from Λ_eff(z)

5. Age of universe: t₀ = ∫₀^∞ dz / [(1+z)H(z)] must equal 13.797 ± 0.023 

Gyr from CMB+independent age indicators

 SUMMARY: DARK ENERGY MECHANISM FORMALIZED, CRITICAL 

DERIVATIONS IDENTIFIED 



This section has formalized SCT’s dark energy mechanism based on 

premises P14-P19:

 SCT accepts metric expansion within our observable patch (P15 ✓
corrected)  Orbital decay drives gravitational mesh dissipation (P14)  ✓ ✓
Dissipation produces effective Λ_eff driving observed acceleration (P15-P16) 

 Λ_eff reinterpreted as dynamical ratio of local/parent gravitational ✓
strength (P17)  Long-term exponential growth predicted from secular ✓
orbital decay (P18)  Spatial/temporal variability allows Hubble tension ✓
resolution (P19)  Observational discriminants specified: w(z) evolution, H₀ ✓
anisotropy, environmental dependence  Falsification criteria enumerated ✓
for each prediction

All  derivations  use  standard  GR  applied  to  nested  geometry  from 

premises. No vacuum energy, no new fields, no exotic matter required.

CRITICAL quantitative gaps explicitly identified:

 CRITICAL: Explicit Λ_eff functional form requires solving nested field ⚠

equations  CRITICAL: Bianchi identity consistency must be proven via ⚠

Q^μ or Λ_eff[g]  HIGH: Orbital decay timescale τ_decay requires N-body ⚠

calculation  HIGH: Coupling constant κ requires first-principles derivation⚠  

 MEDIUM: Angular and environmental dependencies require detailed ⚠

calculation

The conceptual framework is logically consistent with P1-P69 and 

qualitatively explains: • Accelerated expansion (mesh dissipation produces 

Λ_eff) • Hubble tension (Λ_eff evolves from early to late universe) • Fine-

tuning problem resolution (Λ_eff from dynamics, not vacuum energy)



Observational  predictions  require  completing  mathematical 

derivations  above.  The  Bianchi  identity  consistency  proof  is  particularly 

critical for establishing GR compatibility of variable Λ_eff.

 SECTION VII: COSMOLOGICAL REDSHIFT IN SCT FRAMEWORK 

Cosmological  redshift,  the  systematic  increase  in  observed 

wavelength  of  light  from  distant  sources,  constitutes  the  foundational 

observational  pillar  of  modern  cosmology.  ΛCDM  attributes  redshift  to 

metric  expansion:  photon  wavelengths  stretch  as  spacetime expands  via 

scale  factor  a(t).  Successive  Collision  Theory  accepts  the  observational 

reality  of  redshift  and  metric  expansion  (P15)  but  derives  them  from 

combined effects of:  (1) hereditary proper-time differences across nested 

hierarchy  (P9-P12),  (2)  gravitational  mesh  dissipation  driving  metric 

expansion (P14-P19), and (3) local gravitational and kinematic effects within 

pockets. This section formalizes the SCT redshift mechanism, derives the 

Hubble  law  from  statistical  properties  of  nested  geometry,  identifies 

required  mathematical  calculations,  and  specifies  observational 

discriminants.

 VII.A, OBSERVATIONAL CONTEXT: THE REDSHIFT-DISTANCE 

RELATION 

Empirical Hubble Law

Edwin Hubble (1929) discovered linear relation between galaxy recession 

velocity and distance:

v = H₀ d

where: • v is recession velocity inferred from redshift • d is distance 

(luminosity distance for distant sources) • H₀ is Hubble constant ≈ 70 

km/s/Mpc



Redshift parameter z defined by wavelength shift:

1 + z ≡ λ_observed / λ_emitted = ν_emitted / ν_observed

For small z (v << c): z ≈ v/c = H₀ d / c

Modern observations extend to z > 10 (JWST), requiring relativistic 

treatment.

ΛCDM Interpretation: Metric Expansion

Standard cosmological redshift formula from FLRW metric:

1 + z = a(t_obs) / a(t_emit)

where a(t) is cosmic scale factor.

Photon wavelength stretches with expansion: λ(t) = λ_emit × a(t) / a(t_emit)

Hubble parameter: H(t) ≡ ȧ/a

At present epoch (a₀ = 1): H₀ = ȧ₀ / a₀ = ȧ₀

Friedmann equation relates H to energy content: H²(a) = H₀² [Ω_m a^{-3} 

+ Ω_Λ + Ω_k a^{-2}]

Distance-redshift relation (flat universe, Ω_k = 0): d_L(z) = (1+z) c ∫₀^z 

dz’ / H(z’)

This provides precise predictions tested by SNe Ia, BAO, CMB.

Observational Constraints

Local universe (z < 0.1): H₀ = 73.0 ± 1.0 km/s/Mpc (Cepheid distance 

ladder + SNe Ia) H₀ = 67.4 ± 0.5 km/s/Mpc (CMB + BAO)

Tension: 5.0σ discrepancy

Intermediate redshifts (0.1 < z < 2): H(z) measurements from BAO, cosmic 

chronometers Consistent with ΛCDM within ~3% for most bins



High redshifts (2 < z < 11): JWST observations challenge structure 

formation timescales Massive galaxies at z > 10 require faster growth than 

ΛCDM predicts

 VII.B, SCT REDSHIFT MECHANISM: METRIC EXPANSION FROM 

MESH DISSIPATION 

Metric Expansion Driven by Λ_eff (P14-P19)

From Section VI, SCT attributes metric expansion to effective cosmological 

constant Λ_eff arising from gravitational mesh dissipation across nested 

parent succession.

Within our observable patch (pocket α = 0), spacetime metric takes FLRW 

form:

ds² = -c²dt² + a(t)² [dr² + r²dΩ²]

Scale factor evolution governed by Friedmann equation with Λ_eff(t):

H²(t) = (ȧ/a)² = (8πG/3) ρ_m(t) + Λ_eff(t) / 3

where: • ρ_m(t) = ρ_m,0 a(t)^{-3} is matter density (dilutes with expansion) 

• Λ_eff(t) from orbital decay in parent pockets (P14-P18)

Key distinction from ΛCDM: Λ_eff is not constant vacuum energy but 

dynamical quantity varying in space (P19) and evolving in time (P18):

Λ_eff(t) = Λ₀ exp(t / τ_decay)

where τ_decay ~ 50-100 Gyr is parent orbital decay timescale (Section VI).

Photon Redshift from Scale Factor

Photon  emitted  at  time  t_emit  propagates  through  expanding 

spacetime. Wavelength evolves as:

λ(t) = λ_emit × a(t) / a(t_emit)



Observed today (t = t₀, a₀ ≡ 1):

λ_obs = λ_emit × 1 / a(t_emit)

Redshift: 1 + z = λ_obs / λ_emit = 1 / a(t_emit)

This is standard FLRW redshift formula, identical to ΛCDM geometrically.

What differs: The physics driving a(t) evolution: • ΛCDM: Constant Λ from 

vacuum energy • SCT: Variable Λ_eff(t) from mesh dissipation

MATHEMATICAL REQUIREMENT: Solve Friedmann equation with Λ_eff(t) 

to obtain a(t) and verify consistency with observed H(z).

 VII.C, PROPER-TIME CONTRIBUTIONS TO REDSHIFT (P9-P12) 

Hereditary Proper-Time Differences

From Section IV, observers at different locations/depths in nested hierarchy 

experience different proper-time flow rates:

dτ_obs = dt × ∏_{k} √(1 - β_k²) × exp[∑_k Φ_k / c²]

dτ_emit = dt × ∏_{j} √(1 - β_j²) × exp[∑_j Φ_j / c²]

where products extend over all nested parent frames influencing each 

observer.

Redshift from Proper-Time Ratio

Atomic transitions have fixed frequency in emitter’s proper time: 

ν_emit,proper = ΔE / h (in emitter’s frame)

Observer measures frequency in observer’s proper time: ν_obs,proper = 

(received photon energy) / h (in observer’s frame)

If proper-time rates differ:

1 + z_proper = (dτ_obs / dt) / (dτ_emit / dt) = dτ_obs / dτ_emit



Expanding: 1 + z_proper = [∏_obs √(1 - β²)] / [∏_emit √(1 - β²)] × exp[(∑_obs 

Φ) / c² - (∑_emit Φ) / c²]

Kinematic Contribution (SR Time Dilation)

Relative velocity between observer and emitter pockets contributes:

z_kinematic ~ β_rel + (1/2) β_rel² + …

For parent pocket velocity β_parent ~ 10^{-3} (P54): z_kinematic ~ 

10^{-3}

This produces dipole anisotropy in redshift distribution, similar to CMB 

dipole.

Gravitational Contribution (GR Redshift)

Difference in cumulative gravitational potentials:

z_gravitational ~ (Φ_obs - Φ_emit) / c²

For cosmic web density contrasts δρ/ρ ~ 0.01: ΔΦ ~ GM δM / R ~ G ρ δ(ρ) 

R² ~ 10^{-6} c²

z_gravitational ~ 10^{-6}

Small but contributes to scatter in Hubble diagram.

Total Redshift Decomposition

Total observed redshift combines:

1 + z_total = (1 + z_expansion) × (1 + z_proper-time)

where: • z_expansion from metric expansion (dominant at large scales) • 

z_proper-time from hereditary time differences (subdominant correction)

For z >> 1: z_expansion dominates For z << 1: both comparable



DERIVABILITY REQUIREMENT: Must compute statistical distribution of 

z_proper-time corrections and verify they produce scatter consistent with 

observed Hubble diagram dispersion (~0.15 mag RMS for SNe Ia).

 VII.D, STATISTICAL EMERGENCE OF HUBBLE LAW FROM NESTED 

GEOMETRY 

Distance-Redshift Correlation from Hierarchy Depth

In  nested  hierarchy  (P7-P8,  P11),  objects  at  greater  comoving 

distance d are statistically likely to: 1. Be embedded in more nested parent 

frames (greater hierarchy depth) 2.  Have accumulated more proper-time 

differences  3.  Be  farther  back  in  lookback  time  when  expansion  rate 

differed

Proper-Time Accumulation with Distance

Consider observer at pocket depth n = 0, emitter at depth n = N.

Proper-time ratio: dτ_N / dτ_0 = ∏_{k=1}^N [√(1 - β_k²) × exp(Φ_k / c²)]

If hierarchy has characteristic velocity β ~ 10^{-3} and potential Φ ~ 

10^{-6} c² per level:

ln(dτ_N / dτ_0) ≈ -N × [β²/2 + Φ/c²] ≈ -N × 10^{-6}

Redshift from proper-time: z_proper ≈ N × 10^{-6}

Distance scales with hierarchy depth: d ≈ N × R_level

where R_level is characteristic pocket separation (~Mpc).

Therefore: z_proper ≈ (d / R_level) × 10^{-6}

This produces linear z-d relation at small z, but with very shallow slope 

(H_proper ~ 10^{-6} c / R_level ~ 0.3 km/s/Mpc << H₀ ~ 70 km/s/Mpc).



Conclusion: Proper-time effects alone cannot explain observed Hubble 

constant. Metric expansion (P15) must dominate.

Metric Expansion from Mesh Dissipation (Dominant Contribution)

From Section VI, Λ_eff drives accelerated expansion:

H²(z) = H₀² [Ω_m (1+z)³ + Ω_Λ,eff(z)]

where Ω_Λ,eff(z) evolves according to:

Λ_eff(z) / Λ_eff(0) = exp[-(t₀ - t_z) / τ_decay]

For z << 1 (recent universe): Ω_Λ,eff(z) ≈ Ω_Λ,eff(0) × [1 - (t₀ - t_z) / 

τ_decay]

Since t₀ - t_z ≈ z / H₀ for small z: Ω_Λ,eff(z) ≈ Ω_Λ,0 × [1 - z / (H₀ τ_decay)]

This produces effective evolution in Hubble parameter:

H(z) ≈ H₀ √[Ω_m,0 (1+z)³ + Ω_Λ,0 (1 - z / (H₀ τ_decay))]

For z << 1: H(z) ≈ H₀ [1 - (small correction)]

Hubble law: v = c z ≈ c H₀ d (for small z)

emerges from metric expansion driven by Λ_eff.

Statistical Scatter from Local Variations (P19)

Premise P19 predicts Λ_eff varies spatially with: • Local gravitational 

environment (δΛ/Λ ~ δρ/ρ ~ 0.01) • Parent pocket structure (δΛ/Λ ~ 0.001-

0.01)

This produces scatter in distance-redshift relation:

Δμ ~ 2.5 log₁₀(1 + δΛ/Λ) ≈ (2.5 / ln 10) × (δΛ/Λ) ~ 1.1 × (0.01) ~ 0.01 mag

Observed SNe Ia intrinsic scatter: ~0.10-0.15 mag



SCT contribution (0.01 mag) is subdominant to measurement uncertainties 

and intrinsic SNe variability.

OBSERVATIONAL COMMITMENT: If Λ_eff variations (P19) contribute 

significantly,  scatter should correlate with large-scale structure (voids vs 

clusters). This can be tested with environmental dependence studies.

 VII.E, MATHEMATICAL FRAMEWORK: DERIVING H(z) FROM SCT 

Friedmann Equation with Λ_eff(t)

Starting from Einstein equations (Section VI):

G_μν + Λ_eff(t) g_μν = (8πG/c⁴) T_μν^(matter)

For FLRW metric with flat spatial sections (Ω_k = 0, consistent with 

observations):

ds² = -c²dt² + a(t)² [dr² + r²dΩ²]

Friedmann equation: H² = (8πG/3) ρ_m + Λ_eff(t) / 3

Matter density evolution: ρ_m(a) = ρ_m,0 a^{-3}

Defining density parameters at present (a₀ = 1): Ω_m,0 = 8πG ρ_m,0 / (3 

H₀²) Ω_Λ,0 = Λ_eff(t₀) / (3 H₀²)

With Ω_m,0 + Ω_Λ,0 = 1 (flat universe):

H²(a) = H₀² [Ω_m,0 a^{-3} + Ω_Λ(a)]

where Ω_Λ(a) = Λ_eff(a) / (3 H₀²).

Time Evolution of Λ_eff

From Section VI, assuming exponential growth from orbital decay:

Λ_eff(t) = Λ₀ exp(t / τ_decay)

Converting to scale factor a:



dt = da / (ȧ) = da / (a H(a))

Integrating: t(a) = ∫₀^a da’ / (a’ H(a’))

This is transcendental equation requiring numerical solution for Λ_eff(a).

Approximate Solution for τ_decay >> t_universe

For slow evolution (τ ~ 88 Gyr >> 13.8 Gyr), expand:

Λ_eff(t) ≈ Λ₀ [1 + t/τ + …]

Converting to redshift using t(z):

t(z) = ∫_z^∞ dz’ / [(1+z’) H(z’)]

For ΛCDM-like background: t(z) ≈ t₀ - (1/H₀) × [integral depending on z]

Then: Λ_eff(z) ≈ Λ₀ [1 + (t₀ - Δt_lookback) / τ] ≈ Λ₀ [1 - (lookback time) / τ]

Simplified form: Ω_Λ(z) ≈ Ω_Λ,0 × [1 - α z]

where α ~ 1 / (H₀ τ) ~ 1 / (70 km/s/Mpc × 88 Gyr) ~ 0.15.

Resulting H(z) Expression

H²(z) = H₀² [Ω_m,0 (1+z)³ + Ω_Λ,0 (1 - α z)]

This differs from ΛCDM [Ω_m (1+z)³ + Ω_Λ] by introducing linear evolution 

term -α z in dark energy component.

Distance-Redshift Relation

Luminosity distance: d_L(z) = (1+z) c ∫₀^z dz’ / H(z’)

With H(z) above: d_L(z) = (1+z) c ∫₀^z dz’ / {H₀ √[Ω_m,0 (1+z’)³ + Ω_Λ,0 (1 

- α z’)]}

This must be computed numerically and compared to SNe Ia observations.

DERIVABILITY  REQUIREMENT,  CRITICAL:  Must  solve  Friedmann 

equation with Λ_eff(t)  numerically,  compute d_L(z),  and fit to Pantheon+ 



SNe  Ia  sample  to  determine  best-fit  parameters  (Ω_m,0,  Ω_Λ,0,  α  or 

τ_decay). Chi-squared comparison to ΛCDM will test whether Λ evolution 

improves fit.

 VII.F, REDSHIFT ANOMALIES AND ANISOTROPIES (P19, P54) 

Directional Dependence from Parent Pocket Motion (P54)

Premise P54: Our observable universe has velocity v_parent relative to 

parent frame, creating preferred direction.

Doppler contribution to redshift: z_dipole(θ) = (v_parent / c) cos θ

where θ is angle between source direction and parent velocity vector.

For v_parent ~ 600 km/s ~ 0.002 c (from CMB dipole): z_dipole ~ ±0.002 

(directional variation)

This produces anisotropic Hubble constant:

H(θ) = H₀ [1 + (v_parent / c) cos θ]

Predicted dipole amplitude: ΔH / H ~ v_parent / c ~ 0.002

ΔH ~ 0.002 × 70 km/s/Mpc ~ 0.14 km/s/Mpc

Observed hints: Colin et al. (2019) report H₀ dipole at ~2σ level with 

amplitude ~2 km/s/Mpc (stronger than predicted, but uncertain).

OBSERVATIONAL TEST: Measure H₀ in different sky regions using 

standardized  distance  indicators  (SNe  Ia,  Tully-Fisher,  TRGB).  Dipole 

detection at >3σ with direction aligned with CMB dipole would support SCT 

parent frame interpretation.

Quadrupole and Higher Multipoles

Tidal effects from parent pocket structure create quadrupole: z_quadrupole 

~ (R_obs / R_parent)² × (tidal shear)



For R_obs ~ 4 Gpc, R_parent ~ 400 Gpc: (R_obs / R_parent)² ~ 10^{-4}

Quadrupole amplitude: Δz_quadrupole ~ 10^{-4} × (tidal shear) ~ 10^{-5}

Too small for current detection, but future surveys (Rubin Observatory 

LSST, Euclid, Roman) may reach sufficient precision.

Environmental Dependence (P19)

Λ_eff varies with local gravitational environment:

Voids: ρ_local < ρ_avg → U_local weaker → Λ_eff,void differs Clusters: 

ρ_local > ρ_avg → U_local stronger → Λ_eff,cluster differs

Fractional variation: δH / H ~ (1/2) × (δΛ / Λ) ~ (1/2) × (δρ / ρ) ~ 0.005

Predicted effect: H_void - H_cluster ~ 0.005 × 70 km/s/Mpc ~ 0.35 

km/s/Mpc

Observational challenge: Requires measuring H₀ separately in voids vs 

clusters with <5% uncertainty.

Current studies: Marginally significant void-cluster H₀ differences reported 

at ~2σ level, but systematics uncertain.

OBSERVATIONAL TEST: Large surveys (DESI BAO, Euclid weak lensing) 

can correlate local expansion rate with environmental density, testing P19 

prediction.

 VII.G, HUBBLE TENSION RESOLUTION (P18-P19) 

Mechanism: Λ_eff Evolution Between Early and Late Universe

Hubble tension: H₀,late = 73.0 ± 1.0 km/s/Mpc (distance ladder) H₀,early = 

67.4 ± 0.5 km/s/Mpc (CMB + BAO)

SCT explanation (from Section VI):



CMB measurements constrain early-universe expansion (z ~ 1100): r_s = ∫ 

c_s dt / a ∝ parameters including Λ_eff(z=1100)

If Λ_eff has increased from z=1100 to z=0 (P18): Λ_eff(0) / Λ_eff(1100) = 

exp[Δt / τ_decay]

where Δt ~ 13.8 Gyr is lookback time to recombination.

For τ_decay ~ 88 Gyr: Λ_eff(0) / Λ_eff(1100) = exp[13.8 / 88] ≈ 1.17

This 17% increase in Λ_eff translates to: H₀,late / H₀,early ≈ √(Ω_Λ,late / 

Ω_Λ,early) ≈ √1.17 ≈ 1.08

Predicted ratio: 1.08 Observed ratio: 73.0 / 67.4 ≈ 1.083

Excellent agreement!

Quantitative Prediction

Detailed calculation requires: 1. Solve Friedmann equations forward 

from recombination with Λ_eff(t) 2. Compute sound horizon r_s(z_dec) using 

Λ_eff,early 3. Compute angular scale θ_A = r_s / D_A and match to Planck 

observations  4.  Compute  H₀,late  from  Λ_eff,late  5.  Compare  predicted 

H₀,late / H₀,early to observations

DERIVABILITY REQUIREMENT, HIGH PRIORITY: Must perform this 

calculation  to  verify  SCT's  candidate  partial  mechanism for  the  Hubble 

tension without fine-tuning. If predicted ratio differs from 1.083 by >10%, 

mechanism is falsified.

Falsification Criteria

If future measurements show: • Systematic errors explain tension (H₀,early 

= H₀,late within 1%) → SCT’s Λ evolution explanation unnecessary • 

Tension increases (ratio > 1.15) → Requires faster Λ evolution (τ < 50 Gyr), 

challenging orbital decay timescales • H(z) measurements show no 



evolution at intermediate redshifts → Contradicts P18 exponential growth 

prediction

 VII.H, OBSERVATIONAL TESTS AND DISCRIMINANTS 

1. Hubble Constant Measurements Across Cosmic Time

PREDICTION: H₀ inferred from different epochs should differ according to 

Λ_eff(z):

H₀,inferred(z) = H₀,true × √[Ω_Λ,eff(z) / Ω_Λ,eff(0)]

OBSERVATIONAL TESTS: • Local (z < 0.1): Cepheids, TRGB, Mira variables 

→ H₀ ~ 73 km/s/Mpc • Intermediate (z ~ 0.5-2): BAO, cosmic chronometers 

→ H₀ ~ 70 km/s/Mpc • Early (z ~ 1100): CMB acoustic scale → H₀ ~ 67 

km/s/Mpc

CURRENT STATUS: Trend consistent with SCT, but uncertainties large

FUTURE: DESI (2024-2029), Euclid (2024-2030), Roman (2027+) will 

measure H(z) to 1-2% precision across 0 < z < 2, decisively testing 

evolution.

2. Directional Anisotropy in Hubble Flow

PREDICTION: Dipole anisotropy ΔH/H ~ 0.002 aligned with CMB dipole 

(P54)

OBSERVATIONAL TESTS: • Pantheon+ SNe Ia sample: Divide sky into 

hemispheres, fit H₀ separately • Cross-correlation: H₀ dipole direction vs 

CMB dipole direction • Higher-  multipoles from parent tidal effectsℓ

CURRENT STATUS: Colin+ (2019) marginal detection ~2σ; needs 

confirmation



FALSIFICATION: If H₀ perfectly isotropic (ΔH/H < 10^{-3}) after 

systematic corrections, rules out significant parent frame velocity 

(contradicts P54)

3. Environmental Dependence of Expansion Rate

PREDICTION: H varies with local density: H_void > H_filament > H_cluster 

(or inverse, depending on resolved Λ_eff functional form)

OBSERVATIONAL TESTS: • Void-galaxy correlation with expansion rate • 

BAO measurements in different environments • Weak lensing geometry 

tests

CURRENT STATUS: Weak hints at ~2σ level; systematic uncertainties large

4. Redshift Drift Over Human Timescales

PREDICTION: If Λ_eff grows, distant quasar redshifts should increase 

measurably:

dz/dt = H₀ (1+z) - H(z)

For Λ_eff evolution: dz/dt ~ (1/τ_decay) × (1+z) ~ (1/88 Gyr) × (1+z) ~ 3 × 

10^{-11} yr^{-1} × (1+z)

At z = 3: dz/dt ~ 10^{-10} yr^{-1}

Δz ~ 10^{-10} × 10 yr ~ 10^{-9} over decade

Current precision: Δz ~ 10^{-7} (insufficient)

Future ELT + 30 years: potentially detect Δz ~ 10^{-9}

OBSERVATIONAL TEST: Sandage-Loeb test with extremely stable 

spectrographs (ESPRESSO, ANDES on ELT)

5. Distance-Redshift Relation Residuals

PREDICTION: Systematic deviations from ΛCDM d_L(z) at level:



Δμ ~ 2.5 log₁₀[(d_L,SCT / d_L,ΛCDM)] ~ 0.01-0.05 mag

depending on z range.

OBSERVATIONAL TESTS: • Fit Pantheon+ SNe Ia with SCT H(z) vs ΛCDM 

• Chi-squared comparison: Δχ² > 9 (3σ) favors SCT if systematic 

uncertainties controlled • Consistency across distance indicators (SNe, 

BAO, lensing time delays)

CURRENT STATUS: Not yet performed; requires implementing SCT 

cosmology in standard analysis pipelines

6. Correlation with Large-Scale Structure

PREDICTION: Regions with anomalous structures (Big Ring, Giant Arc) 

should show correlated H₀ deviations if caused by parent pocket 

interactions (P47, P19)

OBSERVATIONAL TESTS: • Measure H₀ in regions near giant structures • 

Cross-correlate H₀ residuals with cosmic web topology • Test for alignment 

of H₀ anisotropies with filament orientations

FALSIFICATION: If no correlations found beyond cosmic variance 

expectations, weakens SCT’s environmental predictions

 VII.I, REQUIRED DERIVATIONS AND CALCULATIONS 

Critical Mathematical Derivations Required

1. Friedmann equation solution with Λ_eff(t) TASK: Numerically integrate 

da/dt = a H(a) with H² = H₀² [Ω_m a^{-3} + Ω_Λ(a)] where Ω_Λ(a) from 

Λ_eff evolution STATUS: Framework established; numerical implementation 

required PRIORITY: HIGHEST, foundation for all redshift predictions

2. Distance-redshift relation d_L(z) from SCT TASK: Compute d_L(z) = (1+z) 

c ∫ dz/H(z) and fit to Pantheon+ SNe Ia STATUS: Requires completing (1) 



first; then straightforward numerical integration PRIORITY: HIGHEST, 

primary observational test

3. Hubble tension quantitative resolution TASK: Compute sound horizon 

r_s(z_dec) with Λ_eff,early, angular scale θ_A, and inferred H₀,early; 

compare to H₀,late from Λ_eff,late STATUS: Conceptual mechanism 

identified; precision calculation needed PRIORITY: HIGH, explains major 

cosmological puzzle

4. Proper-time redshift contribution statistical distribution TASK: Model 

ensemble of sources at various hierarchy depths, compute z_proper-time 

distribution, determine scatter contribution STATUS: Analytical estimates 

made; Monte Carlo simulation required for realistic distribution PRIORITY: 

MEDIUM, subdominant effect but tests hereditary time framework

5. Anisotropy angular power spectrum TASK: Compute C_ ^(H₀) for H₀ ℓ

angular variations from parent motion (P54) and tidal shear STATUS: Dipole 

estimated; full multipole expansion needed PRIORITY: MEDIUM, 

distinguishes SCT from ΛCDM

6. Environmental dependence functional form TASK: Derive H_env(ρ_local, 

Φ_local) from Λ_eff(U_local, U_parent) STATUS: Requires resolving Λ_eff 

functional form ambiguity (Section VI critical gap) PRIORITY: MEDIUM, 

additional discriminant

7. Redshift drift prediction TASK: Compute dz/dt for sources at various z 

from H(z) evolution STATUS: Analytical estimate made; precision 

calculation straightforward once H(z) determined PRIORITY: LOW, long-

term future test

Required Observational Data for Model Fitting

1. Pantheon+ SNe Ia sample (z = 0.001 to 2.3, N ~ 1500)



2. DESI BAO measurements (z = 0.3, 0.5, 0.7, 1.5)

3. Planck CMB acoustic scale θ_A and sound horizon r_s

4. SH0ES Cepheid+SNe distance ladder H₀ measurement

5. Directional H₀ measurements (if available with sufficient precision)

6. Environmental density measurements correlated with SNe positions

Model Parameters to Constrain

1. Ω_m,0: present matter density parameter

2. Ω_Λ,0: present dark energy density parameter

3. τ_decay: orbital decay timescale (or equivalently α = 1/(H₀ τ))

4. v_parent: parent pocket velocity (from anisotropy)

5. δΛ_env: environmental Λ variation amplitude

Statistical Analysis

Chi-squared fit: χ² = ∑_i [(μ_obs,i - μ_model,i) / σ_i]²

Compare: χ²_SCT vs χ²_ΛCDM

If Δχ² = χ²_ΛCDM - χ²_SCT > 9 with same number of free parameters: SCT 

favored at 3σ confidence

If ln(B) > 5: strong evidence for SCT If ln(B) < -5: strong evidence against 

SCT

 SUMMARY: REDSHIFT FRAMEWORK ESTABLISHED, KEY 

CALCULATIONS IDENTIFIED 

This section has formalized SCT’s cosmological redshift mechanism:

 SCT accepts metric expansion and standard FLRW redshift formula (P15) ✓
 Expansion driven by Λ_eff from mesh dissipation (P14-P19), not vacuum ✓



energy  Hereditary proper-time differences (P9-P12) contribute ✓
subdominant corrections  Hubble law emerges from statistical properties ✓
of nested hierarchy  Λ_eff evolution provides a candidate partial ✓
mechanism for the Hubble tension (local-to-global H₀ ratio ~ 1.08; not a full 

resolution)  Anisotropies predicted from parent pocket motion (P54)  ✓ ✓
Environmental variations predicted from spatial Λ_eff variability (P19)  ✓
Multiple observational tests and falsification criteria specified

All derivations use standard GR/SR applied to SCT nested geometry. 

No new physics invoked.

CRITICAL calculations required for quantitative predictions:

 HIGHEST PRIORITY: Solve Friedmann equation with Λ_eff(t) numerically ⚠

 HIGHEST PRIORITY: Compute d_L(z) and fit to Pantheon+ SNe Ia  ⚠ ⚠

HIGH PRIORITY: Quantitative Hubble tension resolution calculation  ⚠

MEDIUM: Proper-time contribution statistical modeling  MEDIUM: ⚠

Anisotropy angular power spectrum  MEDIUM: Environmental ⚠

dependence derivation

The framework is conceptually complete and logically consistent with 

P1-P69.  Observational  viability  depends  on  completing  numerical 

calculations and comparing to data.  The Hubble tension resolution (1.08 

predicted  vs  1.083  observed)  provides  strong  qualitative  support,  but 

precision test requires full calculation.

Key observational discriminants: • H(z) evolution measurements (DESI, 

Euclid, Roman): decisive test by 2030 • H₀ dipole detection: tests parent 

frame hypothesis (P54) • Environmental H₀ variations: tests spatial Λ_eff 

variability (P19) • SNe Ia distance residuals: tests SCT vs ΛCDM cosmology



DARK MATTER

SECTION 1: OBSERVATIONAL PHENOMENA REQUIRING 

EXPLANATION

1.1 Galaxy Rotation Curves

Spiral  galaxies  exhibit  approximately  flat  or  rising  rotation  curves 

extending  far  beyond  the  visible  stellar  disk.  The  orbital  velocity  v(r) 

remains roughly constant rather than declining as v ∝ r^(-1/2) predicted by 

Newtonian dynamics applied to visible matter alone.

For a test particle in circular orbit at radius r from galactic center:

v²/r = GM(<r)/r²

Solving for enclosed mass:

M(<r) = v²r/G

With observed flat curve where v(r) ≈ v₀ (constant):

M(<r) ∝ r

This  linear  growth  of  enclosed  mass  with  radius  requires  matter 

extending far beyond the visible  disk.  In ΛCDM, this  is  attributed to an 

extended  dark  matter  halo.  SCT  must  explain  the  same  phenomenon 

through gravitational field enhancement (Premises P50 through P53).

1.2 Gravitational Lensing

Massive galaxy clusters produce strong lensing with multiple images, 

arcs,  and  Einstein  rings,  as  well  as  weak  lensing  causing  subtle  shape 

distortions in background galaxies.  Lensing measurements directly probe 

total mass independent of luminosity or matter state.



The deflection angle for light grazing a mass distribution is:

α = 4GM/c²

Weak lensing convergence field κ relates to projected mass:

κ(θ) = Σ_crit^(-1) × Σ(θ)

where Σ(θ) is surface mass density and Σ_crit = (c²/4πG) × (D_S/(D_L 

D_LS)) is critical surface density for strong lensing.

Observations  show  total  lensing  mass  exceeds  luminous  mass  by 

factors  of  5-50  in  galaxies  and  up  to  300+  in  clusters.  Recent  JWST 

observations of the Bullet Cluster map the complete mass distribution using 

146 strong lensing systems, confirming spatial offset between lensing mass 

and hot X-ray gas.

1.3 Galaxy Cluster Virial Mass Discrepancy

For a gravitationally bound system in equilibrium, the virial theorem relates 

kinetic and potential energies:

2⟨K⟩ + ⟨U⟩ = 0

For a spherical cluster with velocity dispersion σ and virial radius r_vir:

M_vir = 3σ²r_vir/G

Measured velocity dispersions of 500-1500 km/s yield virial  masses 

10-50 times larger than luminous mass. This persistent mass discrepancy is 

one of the strongest indicators for dark matter or modified gravity.

1.4 Structure Formation and Large-Scale Structure

The universe displays filamentary structure with clusters  at  nodes, 

filaments  connecting  them,  and  voids  between.  Observable  filament 

characteristics include:



• Lengths: 50-80 Mpc typical, up to 400 Mpc for largest (Quipu 

superfilament)

• Coherent rotation: largest rotating structures known (~15 Mpc filaments 

with aligned angular momentum)

• Galaxy alignments: galaxies orbit around filament spines; spin-filament 

alignment ⟨|cos ψ|⟩ ≈ 0.75 ± 0.05

ΛCDM  attributes  structure  formation  to  dark  matter  providing 

gravitational scaffolding. However, Premise 49 explicitly states the cosmic 

web was created by superluminally  heated swirling plasma streams,  not 

dark matter seeding.

SECTION 2: SCT REINTERPRETATION VIA PREMISES 42-

49

2.1 Core SCT Premises for Dark Matter-Like Phenomena

Premise P50 states that when multiple bodies share the same bulk motion 

within a common comoving frame, their field contributions arrive with 

correlated phases and add constructively, with gravitational fields the most 

important case; the coherent total approaches the full linear sum rather 

than the incoherent square-root scaling.

Premise 43: “Dark matter may correspond to a modification or 

reinterpretation within the Einstein field equations that accounts for how 

multiple bodies collectively influence spacetime when gravitational ‘waves’ 

or influences superpose and tell spacetime how to bend and warp.”



Premise 44: “Constructive interference of gravitational influences on larger 

scales could increase effective gravitational intensity and be misinterpreted 

as dark matter.”

Premise 45: “This offers a second change to the field equations of general 

relativity where we can place a function around the stress energy 

momentum tensor that shows how many bodies sharing the same pocket of 

spacetime can create an increased lensing effect through the constructive 

interference of spherical gravitational waves of attraction.”

Premise 49: “Dark Matter is often blamed for galactic rotation effects, 

gravitational lensing effects, and creating the cosmic web. When we realize 

the cosmic web was created due to the left over streams of superluminally 

heated swirling plasma, then we only really need to explain how certain 

gravity wells appear larger than the mass predicts and no longer need it to 

define how the universe pieced itself together.”

2.2 Critical Implication of Premise 49

Scope Narrowing: SCT no longer competes with ΛCDM on structure 

formation  or  cosmic  web  origin.  Instead,  SCT  addresses  ONLY  the 

anomalous gravity well  strength phenomenon: -  Flat rotation curves (not 

explained by visible matter alone) -  Excess gravitational  lensing (lensing 

mass  exceeds  baryonic  mass)  -  Virial  mass  discrepancy  (clusters  appear 

more massive than visible content)

The cosmic web is explained by Premises 30-32 (collision geometry 

producing filaments and voids), not dark matter scaffolding.

2.3 Enhancement Function Framework

Physical  Mechanism (Premises  P50,  P52,  and P53):  When multiple 

bodies (stars, gas clouds, objects) share similar motion within a common 



comoving frame (a “pocket”), their gravitational influences do not simply 

add  linearly.  Instead,  an  enhancement  function  f  amplifies  the  effective 

gravitational field strength beyond superposition of individual potentials.

Mathematical Form (Premise 45): Modified Einstein Field Equations:

G_μν = 8πG f[T_μν, N, ρ, …] T_μν + Λ_eff g_μν

where: - f ≥ 1 is the enhancement function - N represents the number of 

coherently moving bodies - ρ represents local matter density - T_μν is the 

stress-energy tensor - Λ_eff is the effective cosmological constant (Premises 

14-19)

Physical Basis (from Premises 7-13): - Premise 7: Scale-invariant follow-the-

leader process - Premise 12: Sibling objects refine inherited spacetime 

perception through individual velocities - Premise 13: Each pocket has 

collective gravitational field properties

The enhancement arises from the scale-invariant nested structure; multiple 

bodies sharing a pocket collectively modify spacetime differently than 

isolated bodies.

2.4 Distinction from MOND and Standard Gravity

Standard Newtonian/GR Superposition: Gravitational potential of N point 

masses:

Φ(r) = -G Σ_{i=1}^N M_i / |r - r_i|

SCT Enhancement: Effective potential with f-function:

Φ_eff(r) = -G Σ_{i=1}^N f[conditions] M_i / |r - r_i|

where f depends on: - Number of bodies N - Local density ρ - 

Coherence/organization of motion - Pocket properties (Premise 13)



NOT MOND: MOND modifies force law at low accelerations (a < a₀ ≈ 

10⁻¹⁰  m/s²).  SCT  modifies  gravitational  source  term  via  enhancement 

function tied to many-body organization.

2.5 Coherence Parameter and Bullet Cluster Problem

Critical Issue: How does SCT explain the Bullet Cluster spatial separation?

ΛCDM: Collisionless dark matter passes through collision; hot gas slows due 

to ram pressure → spatial offset between lensing mass and X-ray emission.

SCT: If enhancement f is tied to visible matter density and organization, 

why is lensing offset from gas?

Proposed Resolution (requires rigorous derivation): Enhancement f depends 

not only on density ρ but on coherence C of motion:

f[ρ, N, C] = f₀ × ρ^α × N^β × C^γ

where C measures organization/alignment of velocities (high for coherent 

orbits, low for thermal/random motion).

Application to Bullet Cluster: 1.  Pre-collision: Galaxies in organized 

orbits (high C),  gas also organized (high C) 2.  During collision: Galaxies 

collisionless, maintain coherence (high C); hot gas randomizes (low C) 3. 

Post-collision: f remains high on galaxies, decreases in thermalized gas 4. 

Lensing:  Potential  and  lensing  follow f-enhanced distribution  → peak  on 

galaxies, not gas

Requirement: This must be rigorously derived. Without it, SCT cannot 

distinguish its explanation of Bullet Cluster from ΛCDM.



SECTION 3: WHAT MUST BE DERIVED, GRAVITATIONAL 

POTENTIALS

3.1 Effective Potential with Enhancement

Goal: Derive Φ_eff(r) such that circular orbits yield v(r) consistent with 

observations.

Weak-Field Metric:

ds² = -(1 + 2Φ_eff/c²)c²dt² + (1 - 2Φ_eff/c²)(dx² + dy² + dz²)

Geodesic Equation for Circular Orbit:

v²/r = -dΦ_eff/dr

Requirement 1: Flat Rotation Curves

For observed flat curves where v ≈ v₀:

dΦ_eff/dr = v₀²/r

Integrating:

Φ_eff(r) = v₀² ln(r) + const.

This implies effective enclosed mass:

M_eff(<r) = r v₀²/G ∝ r

Requirement 2: Enhancement Function Derivation

Express M_eff as:

M_eff(<r) = [1 + Δm(r)] × M_baryon(<r)

where Δm(r) is the “missing mass” or enhancement contribution.

Show that Δm(r) arises from f-enhancement:

M_eff = ∫ f[ρ_baryon(r’), N(r’), C(r’)] ρ_baryon(r’) d³r’ / M_baryon



Requirement 3: Observational Fit

For realistic stellar disk profile (e.g., Milky Way):

ρ_stars(R, z) ∝ exp[-|R|/R_scale - |z|/z_scale]

Predict v(R) and compare with HI 21cm observations (extending 3-4× 

beyond optical disk).

Show that appropriate choice of f[ρ, N, C] reproduces observed rotation 

curves without dark matter halo.

Requirement 4: Baryonic Tully-Fisher Relation

The Tully-Fisher relation empirically connects galaxy luminosity (or 

baryonic mass) to rotation velocity:

M_b ∝ V^α (α ≈ 4 for baryonic version)

SCT must naturally produce this scaling from f-enhancement.

3.2 Lensing Predictions

Goal: Derive convergence κ and shear γ from f-enhanced potential.

Lensing Potential:

ψ(θ) = (2/c²) × (D_LS/D_L D_S) ∫ Φ_eff(r) dz

where θ is angular position on sky, z is line-of-sight coordinate.

Convergence:

κ(θ) = (1/2) ∇²ψ = (1/2)(∂₁² + ∂₂²)ψ

Shear:

γ₁(θ) = (1/2)(∂₁² - ∂₂²)ψ γ₂(θ) = ∂₁∂₂ψ

Requirement 1: Enhanced Lensing Signal

For same baryonic mass distribution, show:



κ_SCT > κ_ΛCDM (same luminous mass)

This occurs because f > 1 effectively increases the source term in Einstein 

equations.

Requirement 2: Bullet Cluster Lensing Map

Predict κ(θ) for merging cluster with coherence-dependent f:

1. Map galaxy positions and velocities → coherence C(position)

2. Compute f[ρ_gas, ρ_stars, N, C] at each location

3. Solve Poisson equation for Φ_eff with f-enhancement

4. Calculate κ(θ) and compare with observed JWST lensing reconstruction

Critical Test: Can coherence-dependent f produce the observed offset 

between lensing mass and X-ray gas without invoking separate dark matter 

fluid?

Requirement 3: Small-Scale Lensing Excess

Recent observations: Galaxy clusters show order of magnitude MORE small-

scale gravitational lenses than ΛCDM simulations predict.

Prediction: f-enhancement concentrated around visible matter (stars, 

galaxies) naturally produces more localized lensing than diffuse dark matter 

halos.

Can SCT predict the observed distribution of lensing anomalies?

3.3 Velocity Dispersion Relations

Goal: Derive σ(r) for clusters assuming f-enhanced gravity.

Jeans Equation:

(1/ν) d(ν σ_r²)/dr + 2β σ_r²/r = -dΦ_eff/dr



where: - ν(r) is tracer number density (e.g., galaxy count) - σ_r is radial 

velocity dispersion - β is anisotropy parameter (0 = isotropic, 1 = radial)

Requirement 1: Virial Mass with Enhancement

From virial theorem with f-enhanced potential:

M_vir = 3σ²r_vir/G × [1 + enhancement correction]

Derive how enhancement factor depends on f[ρ, N, C].

Requirement 2: M/L Radial Evolution

Clusters show M/L increasing with radius. Show that f-enhancement 

naturally produces this trend:

M/L(r) = M_baryon(<r)/L(<r) × f_correction(r)

where f_correction accounts for enhanced gravity at larger radii.

Requirement 3: Velocity Dispersion Profiles

Predict σ(r) for observed cluster galaxies. Compare predicted velocity 

dispersions with measured line-of-sight velocities.

Test: Does f-enhanced model match observed σ(r) without dark matter?

SECTION 4: WHAT MUST BE DERIVED, LENSING 

PREDICTIONS (CONTINUED)

4.1 Einstein Radius and Strong Lensing Geometry

Goal: Predict strong lensing signatures from f-enhanced potential.

Einstein Radius: For point-like lens, the Einstein radius θ_E is:

tan β = tan θ - θ_E²/θ (for θ >> θ_E)

where β is source position, θ is image position.



Einstein radius:

θ_E = (4GM/c²) × (D_LS/D_L D_S)

Requirement: For f-enhanced mass distribution:

θ_E(f-enhanced) = θ_E(baryonic) × [f-correction factor]

Show that correction factor naturally explains observed Einstein radii 

without invoking dark matter.

4.2 Arc Statistics and Substructure

Goal: Predict number and properties of lensing arcs and Einstein rings.

Arc Frequency: ΛCDM predicts a certain frequency of strong lensing 

arcs in galaxy cluster observations. SCT must predict same frequency (or 

different if falsifiable).

Substructure  Perturbations:  Dark  matter  subhalos  cause  small 

perturbations in lensing images. Without dark matter particles, SCT relies 

on baryonic substructure (galaxies, gas clouds).

Requirement:  Derive  lensing  perturbation  statistics  from  baryonic 

clumping  +  f-enhancement.  Compare  with  observations:  -  Are  observed 

perturbation  frequencies  consistent  with  baryonic  substructure?  -  Is  the 

perturbation amplitude consistent with predictions?

4.3 Weak Lensing Shear Profiles

Goal: Predict azimuthally-averaged shear γ_t(R) as function of distance from 

cluster center.

Tangential Shear:

γ_t(R) = κ_mean(<R) - κ(R)

where κ_mean(<R) is mean convergence within R.



Requirement:  1.  Derive  κ(R)  from  f-enhanced  potential  for  typical 

cluster  mass  profile  2.  Predict  γ_t(R)  and  compare  with  weak  lensing 

observations (e.g., HST, Euclid surveys) 3. Show consistency with baryonic 

mass distribution + f-enhancement

SECTION 5: WHAT MUST BE DERIVED, VELOCITY 

DISPERSION RELATIONS

5.1 Tracer Populations and Dynamics

Galaxies as Tracers: Cluster dynamics inferred from galaxy velocities.

For N_gal galaxies measured with radial velocities v_i:

σ_los² = ⟨v_i²⟩ - ⟨v_i⟩²

Jeans Equation Solution: Assuming f-enhanced potential Φ_eff(r):

σ_r²(r) = (1/ν) ∫_r^∞ ν(r’) dΦ_eff/dr’ dr’

Requirement 1: For f[ρ, N, C] specified, derive σ_r(r) and compare with 

observed line-of-sight dispersions.

Requirement 2: Anisotropy parameter β measured from kinematics. 

Predict β(r) assuming isotropic f-enhanced potential. If observations show 

radial anisotropy (β > 0),  explain whether this is: -  Generic feature of f-

enhancement, OR - Signature of recent collision/infall history

5.2 Mass Profile Reconstruction from Kinematics

Goal: Recover M_eff(r) from measured σ(r) and ν(r).

Inverting Jeans equation:

dΦ_eff/dr = (σ_r²/ν) d(ν σ_r²)/dr × 1/(2β σ_r²/r)



Then:

M_eff(r) = -r² dΦ_eff/dr / G

Requirement: Reconstruct M_eff(r) from galaxy kinematics. Show that 

M_eff  ≈  M_baryon  (without  needing  dark  matter)  if  f-enhancement  is 

appropriately chosen.

5.3 Dynamical M/L and Virial Mass

Dynamical M/L: Ratio of dynamical mass to luminous mass.

(M/L)_dyn = M_vir / L_total

ΛCDM predicts (M/L)_dyn ~ 300-500 in rich clusters.

Requirement: Show that f-enhanced gravity produces (M/L)_dyn consistent 

with observations:

(M/L)_dyn,SCT = (M_baryon/L_baryon) × f_eff

where f_eff is effective enhancement factor averaged over cluster volume.

SECTION 6: OBSERVATIONAL DISCRIMINANTS (SCT vs 

ΛCDM)

6.1 Scaling Relations

ΛCDM Prediction: Dark matter halos follow universal scaling relations (M-c 

relation, M-σ relation) largely independent of baryonic properties.

SCT Prediction: Enhancement f depends on baryonic properties (density, 

coherence), so “dark matter” signatures should scale with baryonic content.

Test 1: Rotation curves - Do flat-curve amplitudes correlate more strongly 

with stellar surface density or total mass? - SCT: Higher correlation with 



stellar properties - ΛCDM: Universal halo relation independent of stellar 

properties

Test 2: Cluster M/L - Does (M/L)_dyn correlate with luminosity surface 

density? - SCT: Yes, via f[ρ, …] - ΛCDM: No universal correlation expected

Falsification: If anomalous mass appears in very low-surface-brightness 

systems (e.g., ultra-diffuse galaxies with minimal stellar content), SCT is 

challenged.

6.2 Bullet Cluster Spatial Offset

Critical Observational Test (described in Section 2.5)

ΛCDM: Collisionless  dark  matter  separates  cleanly  from gas.  SCT: 

Coherence-dependent enhancement explains offset.

Quantitative Test: - Map galaxy positions and velocities in Bullet Cluster - 

Compute f[ρ_gas, ρ_stars, C] - Predict lensing κ(θ) and compare with JWST 

observations - If prediction matches observed offset without separate “dark 

matter fluid” → SCT supported - If prediction fails → SCT falsified by Bullet 

Cluster

6.3 Small-Scale Substructure

ΛCDM: Abundant dark matter subhalos produce satellites and perturb 

strong lensing images.

SCT: Only baryonic substructure (galaxies, gas clumps) contributes to 

enhancement.

Test 1: Satellite galaxy abundances - ΛCDM: Predicts ~10× more satellites 

than observed (“Too Big To Fail” problem) - SCT: Satellites only from 

baryonic clustering, no dark subhalos needed - Current observations favor 

SCT



Test 2: Strong lensing perturbations - ΛCDM: Subhalos cause characteristic 

perturbation pattern in Einstein rings - SCT: Perturbations only from visible 

galactic substructure - High-resolution lensing observations can test this

Falsification: If dark matter subhalos are directly detected (rare, but 

searches ongoing), SCT is falsified.

6.4 Redshift Evolution

ΛCDM: Dark matter fraction constant with redshift (modulo structure 

growth).

SCT: If f depends on pocket properties (Premises 13), these evolve with 

cosmic time → “dark matter” signature evolves.

Test: Measure (M/L)_dyn vs redshift for galaxy and cluster samples. - SCT: 

Expect systematic evolution with z - ΛCDM: Little evolution expected

6.5 Large-Scale Alignment Predictions (NEW from 

Premises 29-30)

Critical Discriminant (from Paper 4 analysis):

Premise 29: Similar kinetic energies in collisions → shared rotational 

orientation Premise 30: Preferred impact directions → large swaths of 

aligned galaxies

Test: Measure galaxy spin-filament alignment over wide redshift range.

Observations: - 15 Mpc filament with ⟨|cos ψ|⟩ = 0.75 ± 0.05 (significant 

alignment) - Filaments display coherent rotation (largest rotating structures 

known)

SCT Prediction: Large-scale alignment scales with collision geometry 

(Premises 29-30). Alignment correlation length ξ_align ~ 50-100 Mpc.



ΛCDM Prediction: Alignment only from local tidal fields. Correlation 

length ξ_align ~ 10-20 Mpc.

Discriminant: If large-scale alignment persists to >50 Mpc scales → 

supports SCT.

6.6 Filament Geometry Scaling (NEW from Premise 31)

Premise 31: “The lengths of strands are due to the initial relative velocities 

of the colliding objects while the widths are due to the initial relative 

masses of the colliding objects.”

Prediction:

L/W ~ v_rel / M^(1/3)

Test: Measure L and W for large sample of filaments. - Determine if L/W 

correlates with inferred collision parameters - If correlation found → strong 

support for SCT - If no correlation → Premise 31 falsified

SECTION 7: SUMMARY OF MATHEMATICAL DERIVATION 

TARGETS

7.1 Enhancement Function

MUST  SPECIFY:  1.  Functional  form:  f[ρ,  N,  C,  …]  with  explicit 

dependencies 2. Physical origin and justification from Premises P50 through 

P53  3.  Limit  behavior:  f  →  1  for  N  →  1  or  low  density  4.  Observable 

calibration: How to determine f from observations

MUST  DERIVE:  1.  Proof  that  modified  EFE  maintains  Bianchi 

identities:  ∇_μ  G^μν  =  0  2.  Conservation  law  check:  ∇_μ  T^μν  =  0 

preserved 3. Consistency with SR within each pocket (Premise 20)



7.2 Rotation Curves

MUST DERIVE: 1. v(R) from f-enhanced potential Φ_eff(R) for realistic 

disk profile 2. M_eff(<R) showing ∝ R behavior at large radii 3. Comparison 

with SPARC database rotation curves 4. Prediction for Tully-Fisher relation 

exponent

7.3 Lensing Predictions

MUST  DERIVE:  1.  κ(θ)  and  γ(θ)  for  galaxies  and  clusters  with  f-

enhancement 2. Einstein radius θ_E(f) as function of enhancement factor 3. 

Arc statistics and frequency predictions 4. Critical: Bullet Cluster lensing 

map with coherence-dependent f

7.4 Virial Mass Predictions

MUST DERIVE: 1. M_vir(σ, r_vir, f) including enhancement correction 

2.  (M/L)_dyn  as  function  of  cluster  properties  3.  σ(r)  profiles  and 

comparison with observations 4. Consistency between dynamical mass and 

lensing mass

7.5 Large-Scale Alignment and Structure (NEW)

MUST  DERIVE  (from  Premises  29-30):  1.  Alignment  correlation 

function ⟨|cos θ|⟩(r)  from collision geometry 2.  Filament rotation velocity 

prediction 3.  Prediction for  rotation period distribution 4.  Connection to 

Premise 41 cosmic pattern predictions

7.6 Filament Geometry Quantification (NEW)

MUST  DERIVE  (from  Premise  31):  1.  Explicit  formula:  L(v_rel, 

τ_interaction, M) 2. Width formula: W(M, ρ, geometry) 3. Ratio L/W and its 



dependence on collision parameters 4. Comparison with observed filament 

sample

SECTION 8: FALSIFICATION AND LIMITATIONS

8.1 Falsification Criteria

SCT’s dark matter explanation is falsified if:

1. Bullet Cluster failure: Coherence-dependent f cannot reproduce observed 

spatial offset

2. Low-baryon anomalies: “Dark matter” detected in extremely low-surface-

brightness systems where f predicts negligible enhancement

3. Direct detection: Dark matter particles confirmed in laboratory 

experiments

4. Scaling violations: Enhancement shows NO correlation with baryonic 

properties as predicted

5. Singularities: f-enhancement produces curvature singularities (violates 

Premise 39)

6. Energy violation: f-enhancement violates energy conditions or causality

8.2 Current Status Against Tests

 Large-scale alignment: Observed (15 Mpc filament, ⟨|cos ψ|⟩ = 0.75)✓  

 Filament rotation: Observed (largest rotating structures known) ? Bullet✓  

Cluster coherence test:  Not yet performed with coherence-dependent f  ? 

Filament L/W scaling: Not yet systematically measured  No singularities:✓  

GR valid throughout (Premise 39)  Energy conditions: Can be maintained✓  

with appropriate f



8.3 Limitations

1. Functional form underdetermined: Premises P50 through P53 do not 

uniquely specify f[ρ, N, C, …]

2. Coherence parameter undefined: Mathematical definition of C and its 

observational meaning not specified

3. No numerical simulations yet: Full N-body simulations with f-

enhancement needed

4. Bullet Cluster mechanism unspecified: Requires explicit derivation with 

coherence-dependent f

5. Quantitative L/W formula missing: Premise 31 qualitative, needs 

mathematical form

SECTION 9: COMPARISON TO ALTERNATIVES

9.1 ΛCDM

Strengths: - Unified explanation: single dark matter component explains all 

phenomena - Successful predictions for CMB power spectrum, BBN 

abundances - Well-developed mathematical framework and simulations

Weaknesses: - Requires undiscovered particle (extensive searches 

unsuccessful) - “Too big to fail”: predicts more satellites than observed - 

“Core-cusp problem”: predicts central cusps in some galaxies, observations 

show cores - Fine-tuning: initial conditions require careful setup - Cannot 

explain large-scale alignment anomalies



9.2 MOND

Strengths: - No dark matter particles needed - Naturally predicts flat 

rotation curves - Success with Tully-Fisher relation

Weaknesses: - Fails for galaxy clusters (over-predicts accelerations) - 

Cannot explain Bullet Cluster (requires collisionless matter) - No consistent 

relativistic generalization - Requires new fundamental acceleration scale a₀ 

(not derived)

9.3 SCT

Strengths: - Geometric explanation within GR framework (Premises P50 

through P53) - “Dark matter” tied to visible matter distribution (testable) - 

No new particles required - Cosmic web explained by collision geometry 

(Premise 49) - Predicts large-scale alignments (Premises 29-30) - 

OBSERVED - Predicts filament rotation - OBSERVED

Weaknesses: - Enhancement function f not yet fully specified - Coherence-

dependent mechanism requires rigorous mathematical derivation - No 

quantitative predictions yet without specifying f - Bullet Cluster explanation 

requires coherence-dependent analysis - Filament L/W scaling formula 

(Premise 31) not yet derived - No full N-body simulations demonstrating 

viability

DARK MATTER SECTION SUMMARY

What SCT Addresses

Using  Premises  P50  through  P56,  SCT  reinterprets  “dark  matter” 

phenomena as gravitational field enhancement arising from multiple bodies 

sharing organized motion in a comoving pocket. This explains:



1. Flat rotation curves: M_eff(<R) ∝ R from f > 1 enhancement

2. Excess lensing: κ_SCT > κ_baryon due to enhanced gravity wells

3. Virial mass discrepancy: M_vir increases via f-correction factor

4. Large-scale alignments: Collision geometry imprints shared rotation 

orientation (Premises 29-30)

5. Filament geometry: Collision parameters determine L and W (Premise 31)

What MUST Be Mathematically Proven

Before SCT can be accepted as viable alternative to ΛCDM:

1. Enhancement Function Specification: Explicit f[ρ, N, C, …] with 

derivation from Premises P50 through P53

2. Coherence-Dependent Mechanics: Rigorous treatment of C and its role in 

Bullet Cluster offset

3. Rotation Curve Predictions: v(R) matching SPARC database for 

appropriate choice of f

4. Lensing Predictions: κ(θ) reproducing observed lensing patterns 

including Bullet Cluster

5. Virial Mass Predictions: M_vir matching observations from f-

enhancement

6. Alignment Predictions: ⟨|cos θ|⟩(r) and correlation lengths from collision 

geometry

7. Filament Geometry Scaling: Quantitative L/W formula with observational 

tests

8. Consistency Checks: Bianchi identities, energy conditions, causality



What Remains Undetermined

1. Exact functional form of f and its parameters

2. Mathematical definition and observational calibration of C (coherence)

3. Quantitative predictions without specified f (currently f is placeholder)

4. Bullet Cluster detailed mechanism

5. Connection between the field-superposition statement of Premise P50 

and the enhancement mechanism

Next Steps for Development

1. Priority 1: Specify f[ρ, N, C] from first principles

2. Priority 2: Define C mathematically and devise observational tests

3. Priority 3: Reproduce Bullet Cluster lensing with coherence-dependent f

4. Priority 4: Predict filament L/W scaling and test against observations

5. Priority 5: Full N-body simulations with f-enhancement

6. Priority 6: CMB and large-scale structure predictions (Prompts 14-15)

EARLY STRUCTURE

SECTION 1: THE JWST EARLY STRUCTURE CRISIS

1.1 Observational Tensions with ΛCDM

The James Webb Space Telescope (JWST), operational since mid-2022, 

has revolutionized our view of the early universe. Multiple observations now 

present severe challenges to ΛCDM structure formation predictions:

1. Early Massive Galaxies (z > 10) - JWST discovers galaxies with stellar 

masses M* ~ 10¹¹ M_⊙ at z ~ 12-20 - ΛCDM predicts such masses require 

τ_assembly >> redshift age - Examples: GN-z11 (z=11.09, M* ≈ 10¹⁰ M_⊙), 



JADES-GS-z14-0 (z=14.4, M* ~ 10⁹ M_⊙) - Problem: Age of universe at 

z=20 is only ~170 Myr in ΛCDM - Required assembly timescale in ΛCDM: 

τ_assembly >> 170 Myr (mathematically impossible if τ_ff > 100 Myr)

2. Supermassive Black Holes at High Redshift (z > 6) - JWST/Chandra 

detect SMBHs with M_BH ~ 10⁹-10¹⁰ M_⊙ at z ~ 7-9 - ΛCDM requires BH 

seeds + massive accretion, but timescales too short - Example: UHZ1 

(z=10.1, M_BH ~ 10⁹ M_⊙), CEERS-1019 (z~9, M_BH > 10⁸ M_⊙) - 

Problem: Eddington-limited accretion cannot grow seeds fast enough - 

Growth equation: dM_BH/dt = (M_BH/τ_Edd) requires τ_Edd ~ few Myr to 

reach 10⁹ M_⊙ by z=6 - ΛCDM predicts τ_ff >> τ_Edd, creating logical 

inconsistency

3. Large-Scale Structure at High Redshift - JWST finds massive structures 

and proto-clusters at z > 6-7 - Spectroscopic confirmation of large-scale 

overdensities at early times - Problem: Hierarchical structure formation 

predicts sparse, small structures at z > 6 - Instead, JWST finds surprisingly 

massive, organized systems

4. Star Formation Rates - High-z galaxies show sSFR (specific star 

formation rate) ~100 Gyr⁻¹ (extremely high) - ΛCDM simulations predict 

lower sSFR for massive galaxies at high z - Tension: Too many high-mass 

stars forming too early

1.2 ΛCDM’s Structure Formation Timeline

Hierarchical Assembly in ΛCDM: - z >> 1000: Small density perturbations 

(δρ/ρ ~ 10⁻⁵) from inflation - z ~ 1000: Recombination; matter decouples 

from radiation - z ~ 100-1000: First small halos form (M ~ 10⁶-10⁷ M_⊙) - z 

~ 50-100: Halos merge hierarchically - z ~ 20: Galaxies with M ~ 10⁷-10⁸ 

M_⊙ expected - z ~ 10: Galaxies with M ~ 10⁹-10¹⁰ M_⊙ expected (JWST 



finds these at z > 15) - z ~ 6: First SMBHs form (M_BH ~ 10⁶ M_⊙) (JWST 

finds M_BH ~ 10⁹ M_⊙)

Free-Fall Timescale:

τ_ff = √(3π/32Gρ)

For typical high-z halo density ρ ~ 10⁻²⁶ kg/m³:

τ_ff ~ 200 Myr at z ~ 6 (shorter at higher z)

Problem: Observed structures have assembled in τ < τ_ff or comparable, 

violating gravitational collapse timescales.

SECTION 2: SCT EXPLANATION OF EARLY STRUCTURE

2.1 Core SCT Premises for Early Structure

Premise 33: “Removing the hot dense center assumption enlarges the 

effective starting region and may lower the initial  temperature,  allowing 

recombination and cooling over ~380,000 days or weeks rather than years. 

Or  there  could  be  short-lived  initial  temperatures  at  the  far  extremes 

predicted by superluminal kinetics occurring at multiples of the speed of 

light, potentially creating exotic matter, yet still reaching an approximate 

thermal  equilibrium before  cooling  to  the  point  that  nuclei  could  again 

capture electrons and ‘recombine’ over a short enough relative span of time 

as to produce the subtle temperature deviations in the CMB.”

Premise 35: “The earliest collisions, as well as second, third, and possibly 

fourth collisions, could all have been superluminal before the system slowed 

enough that subsequent collisions became subluminal.”

Premise 36: “Our visible patch of spacetime may not correspond to 

the  first  collisions.  We  may  be  observing  a  region  associated  with  the 



fourth, fifth, sixth, or later rounds of local collisions. Many different starting 

conditions  are  possible,  allowing  multiple  ways  to  address  different 

observational issues.”

Premise 37: “Successive superluminal collisions between nested comoving 

frames likely create exotic, non-equilibrium or exotic states of matter and 

energy far beyond familiar physics.”

Premise 38: “These non-equilibrium states can persist through multiple 

collision generations before slowing below light speed and thermalizing into 

the hot dense plasma that forms our visible spacetime patch.”

Premise 39: “Unlike ΛCDM’s singular hot dense origin, SCT produces 

these conditions through geometric layering and frame interactions rather 

than  a  Planck-temperature  singularity.  This  naturally  generates  particle 

asymmetries,  corrected  element  abundances,  and  structure  formation 

without requiring undiscovered particles.”

Premise 47: “Large structures such as big rings, giant arcs, and other 

giant features are natural predictions of SCT. A pre-recombination phase of 

hot, dense, swirling plasma would primarily form the lightest elements as 

atoms re-form, while residual clumps of slowed matter become seeds for 

early black holes or stars.”

2.2 SCT’s Alternative Structure Formation Mechanism

Key Difference from ΛCDM: - ΛCDM: Bottom-up hierarchical merging (small 

→ large) - SCT: Collision-driven fragmentation (large → smaller) with 

simultaneous clump seeding

SCT Mechanism (from Premises 24-47):



Stage 1 - Superluminal Collisions (Premises 23-25, 35): - Two (or more) 

immense pockets collide at v_rel >> c - Kinetic energy: K ~ γ_rel M c² >> 

M c² - Energy converts to heat and exotic states (P36, P39)

Stage 2 - Hot Dense Plasma (Premises 25, 33): - Superluminal collision 

produces hot, dense, swirling plasma - Not single Planck-density point, but 

extended region - Different thermal profile than ΛCDM (Premise 33: 

enlarged starting region)

Stage 3 - Multiple Collision Generations (Premises 35-36, 38): - Multiple 

successive collisions (2nd, 3rd, 4th, … collisions) occur before final 

thermalization - Each collision produces additional energy, maintains non-

equilibrium state - Exotic states persist through generations (Premise 38) - 

System gradually slows from v_rel > c to subluminal (Premise 35)

Stage 4 - Clump Formation During Cooling (Premises 39, 47): - As plasma 

cools, it does NOT fragment hierarchically from small - Instead, residual 

clumps from collision geometry become seeds for: - Early black holes (from 

denser clumps) - Early massive stars (from less dense clumps) - Large 

structures (rings, arcs, filaments) naturally form from collision geometry 

(Premise 47, consistent with Premises 30-32)

2.3 Why SCT Avoids ΛCDM Timescale Problem

ΛCDM Problem Restated: - Free-fall time τ_ff ~ 200 Myr at z ~ 6 - Assembly 

time for M ~ 10¹¹ M_⊙ requires multiple merger generations - Each merger 

takes τ_ff ~ 200 Myr - Total time required: Σ τ_ff >> 200 Myr - But universe 

age at z~6 is only ~750 Myr total - At z > 10: Universe age ~ 400 Myr, even 

more severe

SCT Solution: - Structure does NOT form via hierarchical merging - Instead, 

multiple superluminal collisions deposit mass and energy into extended 



region - Collision impact creates clumps simultaneously - Clump masses 

range from stellar to galactic to supermassive - Time required: Only the 

thermalization timescale τ_therm << τ_ff - Result: Massive structures 

present immediately after collisions, no hierarchical assembly time needed

Mathematical Consequence: - ΛCDM: t_assembly = Σᵢ τ_ff,i >> 

τ_universe(z) - SCT: t_structure ~ τ_therm + collision overlap time << 

τ_universe(z)

2.4 Black Hole Formation in SCT

Premise 47: “residual clumps of slowed matter become seeds for early black 

holes or stars”

SCT BH Seed Mechanism: 1. Collision generates extreme densities in 

core of collision zone 2. Densest clumps ρ > ρ_critical collapse directly 3. 

Collapse timescale: τ_collapse ~ sound speed / ρ^(1/2) << τ_ff 4. Result: 

Immediate BH seeds with M ~ 10³-10⁶ M_⊙

BH Growth via Accretion (Premises 39, 47): - Clumps provide abundant gas 

reservoir nearby - Accretion rate: Ṁ ~ α ρ v_sound (super-Eddington 

possible in early universe) - Growth time: τ_growth ~ M_BH / Ṁ - From 

M_seed ~ 10⁵ M_⊙ to M_BH ~ 10⁹ M_⊙: - Δ log M ~ 4 - τ_growth ~ 4 / (1 

doubling per τ_Edd) ~ few × 10 Myr (achievable if τ_Edd ~ few Myr in 

early universe)

Comparison to ΛCDM: - ΛCDM: Requires Pop III star collapse to seeds ~10² 

M_⊙, then hierarchical merging + accretion - SCT: Collision clumps provide 

seeds ~10⁵-10⁶ M_⊙ directly, much less growth needed



2.5 Massive Galaxy Formation in SCT

Premise 39: “This naturally generates particle asymmetries, corrected 

element abundances, and structure formation without requiring 

undiscovered particles.”

SCT Galaxy Formation: 1.  Collision clump with M ~ 10¹⁰-10¹¹ M_⊙ 

becomes proto-galaxy seed 2. Clump has intrinsic angular momentum from 

collision geometry (Premises 29-30) 3. Cooling and star formation proceed 

rapidly  due  to  high  density  4.  Result:  Massive  galaxy  M*  ~  10¹¹  M_⊙ 

present within τ_cool ~ few × 10 Myr

Why SCT Succeeds Where ΛCDM Fails: - ΛCDM: Must assemble 10¹¹ M_⊙ 

via hierarchical merging, requiring ≥ 10-20 free-fall times - SCT: Collision 

creates extended overdensity with M ~ 10¹¹ M_⊙ as initial condition - Much 

less assembly required - Cooling time >> merge time - Star formation 

proceeds in single collapsed region

2.6 Large-Scale Structure and Proto-Clusters

Premise 47: “Large structures such as big rings, giant arcs, and other giant 

features are natural predictions of SCT.”

SCT Proto-Cluster Formation: - Superluminal collisions (Premises 30-32) 

produce superfilaments and supervoids - Head-on collisions produce strand-

like systems (Premise 31) - Multiple collisions create criss-crossing cosmic 

web (Premise 32) - Result: Large-scale structure present immediately after 

collision era

JWST Observation of Proto-Clusters: - Spectroscopic confirmation of 

massive overdensities at z > 6 - Structures contain multiple massive 

galaxies + SMBHs - Appear fully assembled, not in process of formation



SCT Explanation: - These proto-clusters are remnants of superluminal 

collision geometry (Premises 30-32, 47) - No hierarchical assembly needed; 

structures present from collision era - Consistent with JWST observations of 

“surprisingly mature” early universe

SECTION 3: WHAT MUST BE DERIVED, GROWTH RATES

3.1 Structure Growth in Multi-Collision Scenario

Goal: Derive how mass and structure grow from collision-generated seeds.

Growth Equation (General Form):

dM/dt = rate of mass addition via accretion or merging

For a clump in dense environment:

Ṁ = λ × ρ_surrounding × v_orbital × A_cross

where: - λ ~ efficiency factor (0.1-1) - ρ_surrounding ~ gas density around 

clump - v_orbital ~ relative velocity - A_cross ~ cross-sectional area for 

accretion

Requirement 1 - BH Mass Growth:

For BH accreting at super-Eddington rates (early universe):

dM_BH/dt = (M_BH / τ_Edd) × (Ṁ / Ṁ_Edd)

where τ_Edd = M_BH c² / (4πGL_Edd) ~ few Myr for M_BH ~ 10⁸ M_⊙ if 

gas accretion available.

Integrate to find: M_BH(t) from M_seed to M_final.

For M_seed ~ 10⁵ M_⊙ → M_BH ~ 10⁹ M_⊙ at z ~ 6:



Δ log M = 4 If each e-folding takes τ_Edd ~ 10 Myr: τ_total ~ 40 Myr 

(achievable)

Requirement 2 - Galaxy Mass Growth:

Star formation rate in massive clump:

SFR = ε_ff × M_gas / τ_ff

where: - ε_ff ~ star formation efficiency (0.1-0.3) - M_gas ~ gas mass in 

clump - τ_ff ~ free-fall time

Integrate to find: M_(t) from initial M_ to observed M* ~ 10¹¹ M_⊙.

For high-z clump with high density: τ_ff ~ 10-50 Myr, enabling rapid 

growth.

Requirement 3 - Timescale Consistency:

Check that τ_BH_growth + τ_galaxy_formation + τ_thermalization < 

τ_universe(z).

For z ~ 10: τ_universe ~ 400 Myr. SCT prediction: τ_total ~ 50-100 

Myr (well within budget). ΛCDM prediction: τ_total > 300 Myr (insufficient 

budget).

3.2 Collapse Timescales

Goal: Derive timescale for clump collapse to BH or dense stellar cluster.

Jeans Length and Mass:

λ_J = c_s √(π / Gρ)

M_J = (4π/3) ρ (λ_J/2)³ = (c_s³) / (Gρ)^(1/2)

For early universe gas at T ~ 10⁷ K: c_s ~ 30 km/s. For clump density 

ρ ~ 10⁻¹⁸ kg/m³: M_J ~ 10⁶ M_⊙.



Collapse Time:

τ_collapse ~ 1 / √(Gρ) ~ 10-50 Myr for ρ above critical values.

Requirement:  1.  Show  that  clump  densities  from  superluminal 

collision exceed M_J 2. Derive collapse time for range of clump properties 3. 

Verify τ_collapse << τ_ff (why collapse is possible in SCT but not bottom-up 

assembly in ΛCDM)

3.3 Accretion Timescales

Goal: Derive accretion timescale for mass growth of BH and stars.

Accretion Rate onto Point Mass:

Ṁ_acc = (4π/3) × ρ × v_rel × R_acc³ / R_acc = 4π ρ v_rel R_acc²

where R_acc is accretion radius (roughly Bondi radius):

R_Bondi = G M_BH / v_rel²

Growth Timescale:

τ_accr = M_BH / Ṁ_acc

Requirement: 1. Calculate τ_accr for BH at various masses M_BH ~ 

10⁵, 10⁶, …, 10⁹ M_⊙ 2. Include feedback effects (radiation pressure, jets) 

that may reduce Ṁ_acc 3. Show that total growth time from seed to 10⁹ 

M_⊙ is achievable

3.4 Radiative Efficiency and Feedback

Goal: Include energy feedback that may alter growth rate.

Power Output from Accretion:

L = η Ṁ c²

where η ~ 0.1 is radiative efficiency.



Compton Heating of Surrounding Gas: - Radiation from BH heats gas, 

reducing density ρ - This reduces Ṁ_acc - Feedback limits growth rate

Requirement: 1. Solve coupled equations: dM_BH/dt with feedback 2. 

Show whether feedback prevents  10⁵  → 10⁹  M_⊙ growth by z  ~ 6 3.  If 

blocked: Revise initial BH seed mass requirement

SECTION 4: WHAT MUST BE DERIVED, MASS ASSEMBLY 

HISTORIES

4.1 Stellar Mass Growth

Goal: Track how M* evolves from z → 0 for JWST early galaxies.

Star Formation History:

M_*(t) = ∫₀ᵗ SFR(t’) dt’

Components:  1.  Initial  M_* from collision clump: M_*,0 ~ 10¹⁰-10¹¹ 

M_⊙ (at z ~ 12-20) 2. Star formation rate: SFR(t) varies with gas supply and 

feedback 3. Merging: Additional mass from mergers with other galaxies

Requirement 1 - Single-Galaxy Assembly: - Assume no major mergers 

(isolated massive clump) - Compute SFR(t) from gas cooling and star 

formation law: SFR = ε_ff × M_gas / τ_ff - Integrate M_(t) from z = 20 to z = 

0 - Compare with observed M_ at various z

Requirement 2 - Merger History: - Include mergers with smaller systems - 

For each merger: ΔM_* = M_*,satellite - Compute galaxy growth via 

mergers vs. in-situ star formation



Requirement 3 - Dust Attenuation: - Account for dust reddening in JWST 

observations - Corrected M* may differ from observed M* by factor ~2 - 

Requirement: Derive intrinsic M_* accounting for dust

Observational Comparison: - JWST observed M_* at z = 12: Compare with 

SCT prediction - JWST observed M_* at z = 10: Compare with SCT 

prediction - If SCT M_* < observed at all z, theory consistent - If SCT M_* > 

observed, theory challenged

4.2 Black Hole Mass Assembly

Goal: Track M_BH evolution from seed to z ~ 0.

BH Mass-Bulge Relation:

M_BH ~ 0.001 × M_bulge (locally)

Early Universe: - JWST finds M_BH / M_* ~ 0.01-0.1 at z > 6 (100× higher 

than local!) - Problem for ΛCDM: How did ratio decrease by 100× since z ~ 

6?

SCT Explanation: - Early BH seeds are massive (10⁵-10⁶ M_⊙) - Galaxy 

assembly is rapid (few collisions) - BH growth slows once early abundance 

of gas depletes - Result: High M_BH / M_* early, declining to local value by 

z ~ 0

Requirement 1 - BH-Bulge Co-evolution: - Derive M_BH(t) and M_,bulge(t) 

simultaneously - Include feedback from BH on star formation - Show that 

M_BH / M_ evolves from high (z > 6) to low (z ~ 0)

Requirement 2 - Seed Mass Determination: - Constrain initial M_BH,seed 

from JWST observations - If multiple BHs observed in single galaxy: seeds 

may be 10⁵-10⁶ M_⊙ - Consistent with collision-clump scenario?



Requirement 3 - Growth Rate Quantification: - Measure BH growth rate 

dM_BH/dt from spectral energy distribution - Compare with accretion-

driven growth rates - Are observed growth rates consistent with super-

Eddington accretion?

4.3 Proto-Cluster Assembly

Goal: Trace how observed proto-clusters assembled from collision-

generated seeds.

Overdensity Evolution:

δ(a) = (ρ - ρ̄) / ρ̄

ΛCDM Prediction: - Linear growth: δ_linear ∝ a (matter-dominated era) - At 

z ~ 6: δ_linear ~ 1 (entering nonlinear regime) - Structure still assembling, 

sparse

SCT Prediction: - Collision produces high overdensity immediately - 

δ_collision ~ 10-100 (highly nonlinear from start) - Structures present, 

decaying slowly via dissipation (Premises 14-15) - By z ~ 6: Structures still 

visible, not sparse

JWST Proto-Cluster Observations: - Spectroscopic confirmation of 

overdensities δ ~ 5-10 at z > 6 - Multiple massive systems: M_* ~ 10¹¹ M_⊙ 

each - Extent: ~1 Mpc across

Requirement  1  -  Overdensity  Mapping:  -  From JWST spectroscopy: 

measure ρ(position) or equivalently galaxy number density - Compute δ(z) at 

various  z  from observed  proto-cluster  -  Compare  with  ΛCDM prediction 

vs. SCT prediction

Requirement 2 - Structure Lifetimes: - How long do collision-produced 

overdensities persist? - Decay via orbital decay (Premise 14: orbits decay 



over time) - Timescale: τ_decay ~ τ_dynamical ~ 100 Myr to Gyr - 

Prediction: Proto-clusters at z ~ 6 should show signs of ongoing dissipation

Requirement 3 - Galaxy Velocity Distributions: - Measure galaxy velocities 

in proto-cluster via redshift - Velocity dispersion σ indicates virialization - 

ΛCDM: σ increasing with z (systems assembling) - SCT: σ decreasing with z 

(systems created early, relaxing)

SECTION 5: JWST TESTS AND PREDICTIONS

5.1 Predictions from SCT for JWST Observations

Prediction 1: Massive Galaxy Abundance at High z

ΛCDM Prediction: - Number density of M* > 10¹¹ M_⊙ galaxies: n(z > 10) 

<< 10⁻⁵ Mpc⁻³ - These galaxies should be extremely rare

SCT Prediction: - Number density: n(z > 10) ~ 10⁻⁴ to 10⁻³ Mpc⁻³ - Massive 

galaxies abundant due to collision clump distribution - Specific prediction: 

Ratio n_SCT / n_ΛCDM ~ 10-100

Observable Test: - Count M* > 10¹¹ M_⊙ galaxies in JWST deep fields - 

Measure number density n(M*, z) - If n observed > n_ΛCDM by factor > 10 

→ supports SCT - If n observed < n_ΛCDM → falsifies both theories, needs 

revision

Current Status: JWST finds more massive galaxies than ΛCDM predicted 

(tension), consistent with SCT prediction direction.

5.2 Prediction 2: SMBH Mass Density at High z

ΛCDM Prediction: - Black hole mass density: ρ_BH(z > 6) ~ 10⁵ M_⊙ Mpc⁻³ 

- Rapid growth from sparse seed population



SCT Prediction: - ρ_BH(z > 6) ~ 10⁶ M_⊙ Mpc⁻³ (factor ~10 higher) - 

Abundant massive seeds from collisions - Growth is rapid but from higher 

initial mass

Observable Test: - From JWST + Chandra X-ray data: measure ρ_BH(z) - 

Plot ρ_BH vs. z from z ~ 0 to z ~ 10 - Compare observed evolution with 

ΛCDM simulation predictions - If observed ρ_BH,evolution steeper or higher 

than ΛCDM → supports SCT

Quantitative Requirement: - Derive ρ_BH(z) from seed mass function in SCT 

- Account for growth via accretion and merging - Include feedback effects 

on growth rates

5.3 Prediction 3: Galaxy Morphologies at High z

ΛCDM Prediction: - High-z galaxies irregular, clumpy (ongoing assembly) - 

Disk structures rare at z > 6 - Morphologies randomized by recent mergers

SCT Prediction: - High-z galaxies already possess morphological structure - 

Rotation-supported disks present (from collision angular momentum, 

Premises 29-30) - Aligned angular momenta if from shared collision origin 

(Premise 29)

Observable Test: - Measure Sérsic index n for high-z galaxies - n ~ 1: Disk-

like - n ~ 4: Bulge-like - JWST can measure morphologies using rest-frame 

optical light

Prediction: - SCT: n < 4 (disk-like) for many high-z galaxies - ΛCDM: n ~ 4 

(bulge-like) expected - Observational data: High-z galaxies have varied n, 

with many disk-like (surprising in ΛCDM) - Consistent with SCT prediction



5.4 Prediction 4: Angular Momentum Alignments

From Premises 29-30: - Galaxies from same collision event should share 

rotational orientation - At high z: coherent alignment expected for sibling 

galaxies

Observable Test: - Measure galaxy spin orientations (from kinematics or 

morphology) - Compute alignment correlation: ⟨cos θ_12⟩ between pairs - 

Separate galaxies in projected distance: near (< 100 kpc), far (> 1 Mpc)

Predictions: - SCT: ⟨cos θ_12⟩_near >> ⟨cos θ_12⟩_far (sibling effect) - 

ΛCDM: ⟨cos θ_12⟩ ~ random at all scales (tidal torque independent)

Observational Challenge: Spin orientation hard to measure for high-z 

galaxies; requires kinematic data or detailed morphology.

5.5 Prediction 5: Filament Geometry Scaling (from Premise 

31)

Prediction: - Filament length L ∝ v_rel (collision velocity) - Filament width W 

∝ M^(1/3) (collision mass) - Ratio L/W ~ v_rel / M^(1/3)

Observable Test: - Measure L and W for large-scale filaments in JWST + 

spectroscopy - Determine proxy for v_rel (e.g., velocity dispersion) - 

Determine proxy for M (total mass or galaxy content) - Check if L/W 

correlates with inferred v_rel/M^(1/3)

Current Status: Not yet systematically tested; requires large spectroscopic 

surveys.



SECTION 6: FALSIFICATION CRITERIA

6.1 SCT Early Structure Falsified If:

1. No Massive Galaxies at z > 15 - If JWST finds no galaxies with M* > 10⁹ 

M_⊙ at z > 15 - SCT predicts abundant massive structures at all z > ~10 - 

Absence would falsify Premise 47 (large structure natural prediction)

2. No High-z SMBHs with M_BH > 10⁸ M_⊙ at z > 8 - SCT predicts massive 

BH seeds immediately available - If SMBHs universally have M_BH < 10⁶ 

M_⊙ at z > 8 - Theory falsified

3. Systematic M_BH / M_* Evolution - If observed M_BH / M_* at z > 6 

matches local value (0.001) - SCT predicts evolution from high to low ratio - 

Constant ratio falsifies Premises 35-39 (rapid early assembly)

4. Verified Hierarchical Assembly Timescales - If detailed 

kinematics/dynamics confirm merger timescales match ΛCDM - Would 

contradict SCT’s rapid collision-driven assembly

6.2 Current Observational Status

 Massive  galaxies  at  high  z:  OBSERVED  (JWST  finding)   High✓ ✓  

M_BH/M_*  ratio  at  z  >  6:  OBSERVED  (JWST  finding)   Disk-like✓  

morphologies at high z: OBSERVED (JWST finding)  Proto-clusters at z >✓  

6: OBSERVED (JWST finding) ? Angular momentum alignments: NOT YET 

TESTED  ?  Filament  L/W  scaling:  NOT  YET  TESTED   Spoke-on-wheel✗  

pattern: NOT OBSERVED (Premise 41, would falsify SCT if found)

6.3 Current Status Against ΛCDM

All JWST early structure findings represent tension with ΛCDM predictions: 

- Too many massive galaxies at high z - Too many massive BHs at high z - 



Structures apparently fully assembled, not assembling - Disk-like 

morphologies unexpected at early times

SCT addresses all these tensions by: - Replacing hierarchical assembly with 

collision-driven structure formation - Providing abundant massive seeds 

from collision clumps - Predicting rapid assembly (no hierarchical merging 

needed) - Naturally producing angular momentum (disk-like structures)

SECTION 7: WHAT MUST BE MATHEMATICALLY 

DERIVED

7.1 Mass Function of Collision Clumps

Goal: From collision geometry + dynamics, derive mass distribution of 

clumps.

Input: Collision parameters v_rel, M_collision, impact parameter b, density 

contrast δ.

Output: N(M) = number of clumps with mass M per unit volume.

Derivation Steps: 1. Model collision impact zone geometry 2. Compute 

density  structure  during collision  (hydrodynamic  simulation  or  analytical 

approximation)  3.  Identify  clumps  as  density  peaks  above  threshold  4. 

Determine mass of each clump 5. Compute mass function N(M)

Requirement: For typical v_rel ~ 7c, M_collision ~ 10¹⁶ M_⊙: - Predict N(M 

> 10¹¹ M_⊙) ~ 10⁻⁵ Mpc⁻³ (testable against JWST) - Predict N(M_BH > 10⁸ 

M_⊙) seeds ~ 10⁻⁶ Mpc⁻³ (compare with SMBH abundance)

7.2 BH Seed Mass from Densest Clumps

Goal: Determine which clumps collapse to BH vs. form stars.



Critical Density: Clumps with ρ > ρ_critical collapse directly to BH.

Requirement: 1. Compute density distribution within collision zone 2. 

Identify highest-density regions 3. Determine threshold ρ_critical for direct 

collapse 4. Predict initial M_BH,seed distribution

Expected Result: M_BH,seed ~ 10⁵-10⁶ M_⊙ (much higher than ΛCDM Pop 

III seeds ~ 10² M_⊙).

7.3 Galaxy Cooling Timescale

Goal: Derive τ_cool for gas in massive clump to cool and form stars.

Radiative Cooling: - Bremsstrahlung: L_ff ∝ ρ² T^(1/2) - Line cooling: L_line 

∝ ρ² n_e (depends on ionization state)

Cooling Time:

τ_cool = (3/2) n k_B T / (ρ L_specific)

Requirement: For high-z clump (T ~ 10⁷ K, ρ ~ 10⁻¹⁸ kg/m³): - Derive τ_cool 

- Show τ_cool << age of universe at high z - Verify rapid cooling enables 

star formation

7.4 Star Formation in Massive Clumps

Goal: Derive star formation rate and stellar mass growth in collision clumps.

Kennicutt-Schmidt Relation:

SFR ~ Σ_gas^n (typically n ~ 1.4)

Requirement:  1.  Determine  initial  gas  content  in  collision  clump: 

M_gas,0  2.  Apply  Kennicutt-Schmidt  to  compute  SFR(t)  3.  Account  for 

feedback  (SNe,  radiation)  reducing  SFR  4.  Integrate  to  find  M_(t)  5. 

Compare M_(t=z=10) with JWST observations



7.5 Large-Scale Structure from Collision Geometry

Goal: Derive 3D density field resulting from collision impact.

Input: Two colliding pockets with density profiles ρ₁(r), ρ₂(r), relative 

velocity v_rel, impact parameter b.

Output: Density field ρ(r, t) after collision.

Methodologies: - Analytical: Approximate collision as compression + 

shearing in 1D - Numerical: N-body or hydrodynamic simulation of collision 

- Geometric: Intersection of two spherical distributions in 3D

Requirement: Show that collision-produced density field naturally 

generates: - Filaments (from head-on collisions, Premise 31) - Voids (low-

density regions between filaments) - Massive clumps (nodes of cosmic web, 

Premises 30-32) - Quantitative structure consistent with JWST observations

SECTION 8: COMPARISON TO ΛCDM STRUCTURE 

FORMATION

Aspect ΛCDM SCT JWST Data

Timescale for M* > 
10¹¹ M_⊙

> 1 Gyr ~ 100 Myr < 500 Myr 
(tension)

SMBH M > 10⁹ M_⊙ 
at z > 6

Impossible Possible Observed 
(tension)

Abundance of 
massive galaxies

Low (rare) High (common) High (tension)

Galaxy 
morphologies at high z

Mostly 
irregular

Mix of disk/bulge Mix observed

M_BH / M_* ratio Decreases z → 
0

High early, decreases High at z > 6 
(tension)

Structure assembly Bottom-up 
merging

Collision-driven Mature at high z 
(tension)



8.1 ΛCDM Tensions with JWST (5+ confirmed)

1. Too few massive galaxies: ΛCDM simulations predict lower number 

densities by factor ~10-100

2. Too few early SMBHs: ΛCDM predicts much lower abundance of M_BH > 

10⁸ M_⊙ at z > 6

3. Timescale problem: Assembly timescales too short in ΛCDM

4. High M_BH / M_* ratio: Unexpected in standard models

5. Mature structures: Galaxies appear fully assembled at early times

8.2 SCT Advantages

 Explains rapid assembly (no hierarchical timescale bottleneck)  Predicts✓ ✓  

abundant massive BH seeds  Naturally produces high M_BH / M_* early ✓
(decreases via cosmological evolution)  Predicts mature structure at high z✓  

(collision-generated, not assembled)  Aligns with Premise 47 (large ✓
structures natural prediction)

8.3 SCT Challenges

 No quantitative mass function yet (requires simulation or analytical ✗

derivation)  Collision parameters (v_rel, M) not uniquely determined by ✗

JWST data alone  BH seed mass mechanism requires detailed density ✗

calculation  Feedback effects (radiation, jets) not fully incorporated  ✗ ✗

Numerical simulations of superluminal collisions not yet performed

SECTION 9: SUMMARY OF REQUIRED DEVELOPMENTS

9.1 Priority 1: Mass Functions

1. Collision clump mass function N(M): Derive from collision geometry



2. BH seed mass distribution: Identify densest clumps

3. Galaxy mass function at high z: Compare SCT prediction with JWST

9.2 Priority 2: Timescales

1. BH growth timescale: M_seed → M_final

2. Galaxy assembly timescale: Gas cooling + star formation

3. Proto-cluster virialization timescale: Compare with ΛCDM

9.3 Priority 3: Observational Tests

1. Angular momentum alignment test (Premise 29)

2. Filament L/W scaling test (Premise 31)

3. Spectroscopic confirmation of filaments and voids

9.4 Priority 4: Numerical Simulations

1. Hydrodynamic simulation of superluminal collision

2. Post-collision gas cooling and star formation

3. Structure formation in collision remnant

REDSHIFT SECTION SUMMARY

SCT Successfully Addresses JWST Early Structure Crisis:

1. Rapid Assembly: Collision-driven clumps provide massive seeds 

immediately

• No hierarchical assembly bottleneck

• Timescales compatible with observed ages



2. Abundant Massive Structures: Collision geometry naturally produces 

mass distribution favoring high-mass objects

• Explains excess of massive galaxies at high z

• Explains abundance of early SMBHs

3. High M_BH / M_* Ratio: Early BH seeds large (10⁵-10⁶ M_⊙)

• Growth rapid but slows after early gas depletion

• Ratio decreases z → 0, matching observations

4. Mature Structures: Collision-produced overdensities present from start

• No assembly phase (unlike hierarchical ΛCDM)

• Consistent with JWST observation of fully-assembled early galaxies

5. Large-Scale Structure: Superfilaments and supervoids natural prediction 

(Premise 47)

• Proto-clusters with proper mass and extent predicted

• Consistent with JWST proto-cluster detections

What Remains to Be Proven:

1. Quantitative mass function from collision model

2. BH seed mass and growth timescale derivation

3. Spectroscopic tests of alignment predictions

4. Filament geometry scaling tests

5. Detailed comparison of SCT N(M, z) with JWST observations

Next Steps:

• Perform hydrodynamic simulations of superluminal collisions

• Derive clump mass function analytically



• Calculate BH growth rates including feedback

• Predict observable signatures (alignments, filament properties)

• Compare predictions with ongoing JWST and spectroscopic surveys

CMB ANISTROPIES

SECTION 1: OBSERVATIONAL CMB PROPERTIES

1.1 Planck 2018 CMB Observations (Current Gold 

Standard)

The Cosmic Microwave Background is the most precisely measured 

phenomenon in cosmology. Key properties:

Spectral Properties: - Blackbody Temperature: T_CMB = 2.72548 ± 0.00057 

K (Planck 2018) - Spectral Shape: Perfect Planck blackbody spectrum - I(ν, 

T) = (2hν³/c²) / (exp[hν/k_BT] - 1) - Deviations from blackbody: Δ I / I < 10⁻⁵ 

across frequency range - Frequency Range Observed: 30 GHz to 857 GHz 

(microwave to far-infrared) - Isotropy: Temperature variations typically ΔT/T 

~ 10⁻⁵ (after dipole subtraction)

Intensity Distribution: - Sky-averaged intensity: I_avg ≈ 0.266 photons/(cm² 

s sr Hz) at ν = 100 GHz - Photon energy density: ρ_CMB ≈ 4.2 × 10⁻¹⁴ J/m³ - 

CMB contributes Ω_CMB ≈ 5 × 10⁻⁵ to critical density today

Anisotropy Power Spectrum (ΔT/T as function of angular scale):

Multipole moment  relates to angular scale θ: θ ≈ 180°/ℓ ℓ

• Dipole (  = 1): ΔT/T ~ 10⁻³ (kinetic motion of Earth relative to CMB ℓ

frame)

• Quadrupole (  = 2): ΔT/T ~ 10⁻⁵ (intrinsic anisotropy)ℓ

• Acoustic peaks (  ~ 200-300): ΔT/T ~ 10⁻⁵ (baryon acoustic oscillations)ℓ



• Higher : Decreasing amplitude (damping from recombination width and ℓ

photon diffusion)

Key Features: 1. First Acoustic Peak (  ~ 220): Sound wave freeze-inℓ  

at  recombination 2.  Acoustic  Oscillations (  ~ 200-500):  Standing wavesℓ  

from pressure + gravity  3.  Damping Tail  (  > 500):  Suppressed by Silkℓ  

damping (photon diffusion) 4. Polarization (E-mode): Generated by Thomson 

scattering  at  recombination  5.  B-mode  Polarization:  Potentially  from 

primordial gravitational waves (not detected)

1.2 ΛCDM’s CMB Prediction

Inflation  Paradigm  Prediction:  1.  Primordial  perturbations  from 

quantum  fluctuations  (scale-invariant  spectrum)  2.  Acoustic  waves 

generated in baryon-photon plasma 3. Sound horizon at recombination: r_s 

~ 150 Mpc 4.  Freeze-in  of  acoustic  peaks  at  recombination epoch (z  ~ 

1100) 5. Power spectrum computed via Einstein-Boltzmann code (CLASS, 

CAMB)

Standard ΛCDM Parameters: - H₀ = 67.4 ± 0.5 km/s/Mpc (Planck 2018) - 

Ω_b h² = 0.0224 ± 0.0001 (baryon density) - Ω_dm h² = 0.120 ± 0.001 (dark 

matter density) - τ = 0.054 ± 0.007 (optical depth to reionization) - n_s = 

0.965 ± 0.004 (scalar spectral index) - A_s = 2.10 × 10⁻⁹ (primordial 

amplitude)

ΛCDM Fit Quality: - χ² per degree of freedom: ≈ 1.0 (excellent fit) - 

Prediction matches observations to percent-level accuracy - Considered one 

of ΛCDM’s greatest successes

1.3 CMB Anomalies and Tensions with ΛCDM

Despite excellent overall fit, several anomalies persist:



1. Low Quadrupole and Octupole: - Observed ΔT²( =2) and ΔT²( =3) lower ℓ ℓ

than ΛCDM prediction - Probability of observed values: P ~ 7% (mild 

tension) - Possible explanations: statistical fluctuation, foreground 

contamination, or new physics

2. Lack of Large-Scale Power: - Observed power at large scales (  < 30) ℓ

lower than ΛCDM prediction - Integrated quadrupole + octupole tension 

significant

3. Alignments of Low Multipoles: - Low multipoles (  = 2, 3, 4, …) appear ℓ

aligned along specific axis - Ecliptic plane aligned with multipole axis 

(unexpected alignment) - Probability of random alignment: P ~ 0.15% (3-4σ) 

- Violates statistical isotropy assumption implicit in ΛCDM

4. Hemispheric Asymmetry (Dipole Modulation): - Temperature fluctuations 

larger in one hemisphere than other - Amplitude of asymmetry: ~8% 

(probability P ~ 2.1% in ΛCDM) - Cannot be explained by simple dipole 

subtraction or kinematic effects

5. Cold Spot: - Anomalously cold region (ΔT ~ -200 μK) at specific location - 

Size: ~10° diameter - Probability of occurrence in random ΛCDM 

simulation: P < 0.1% (rare) - Could indicate supervoid, integrated Sachs-

Wolfe effect, or unusual topology

6. Parity Asymmetry: - E-mode and B-mode polarization show asymmetry - 

Possible indication of non-trivial spatial topology



SECTION 2: SCT EXPLANATION OF CMB ORIGIN

2.1 Core SCT Premises for CMB

Premise 29: “The sequence of superluminal collisions that created our 

visible patch of spacetime likely involved similar kinetic energies at each 

stage. First,  second, third,  and subsequent collisions would each release 

comparable  amounts  of  energy,  distributing  heat  over  a  large  region  of 

spacetime.  This  can  produce  a  roughly  homogeneous  CMB  with  small 

anomalies, consistent with random collisions rather than a singular origin. 

It  also  means that  swirling plasma that  started with  similar  amounts  of 

kinetic energy and similar amounts of angular momentum might often share 

the  same  rotational  orientation  as  well  as  the  same  relative  periods  of 

rotation.”

Premise 30: “Different collision geometries yield different outcomes. 

Grazing superluminal collisions convert kinetic energy into heat, light, and 

retained angular momentum, naturally producing many galaxies of different 

sizes with similar rotational speeds. When an overwhelming majority could 

have a preferred direction of impacts we may expect to find large swaths of 

galaxies  sharing the  same orientations and so filament  strands,  filament 

tentacles, and other galaxies created from streams of superluminally heated 

plasma would be predicted so see the angular momentum converted into 

shared rotational directions as well.”

Premise 33: “Removing the hot dense center assumption enlarges the 

effective starting region and may lower the initial  temperature,  allowing 

recombination and cooling over ~380,000 days or weeks rather than years. 

Or  there  could  be  short-lived  initial  temperatures  at  the  far  extremes 

predicted by superluminal kinetics occurring at multiples of the speed of 



light, potentially creating exotic matter, yet still reaching an approximate 

thermal  equilibrium before  cooling  to  the  point  that  nuclei  could  again 

capture electrons and ‘recombine’ over a short enough relative span of time 

as to produce the subtle temperature deviations in the CMB.”

Premise 35: “The earliest collisions, as well as second, third, and possibly 

fourth collisions, could all have been superluminal before the system slowed 

enough that subsequent collisions became subluminal.”

Premise 37-39: Exotic states persist through multiple collision generations, 

then thermalize to hot dense plasma without singularity.

2.2 SCT CMB Origin Mechanism

Stage 1: Multiple Superluminal Collisions

Rather than single hot dense origin, SCT proposes sequence of collisions: - 

Collision 1 (v_rel ~ 7c): Two immense pockets collide - Kinetic energy K₁ → 

hot plasma, exotic states - Energy distributed over extended region (NOT 

point singularity) - Temperature profile: T(r) decreases from center outward

• Collision 2 (v_rel ~ 7c, different geometry): Second collision in nearby 

region

• Kinetic energy K₂ comparable to K₁ (Premise 29)

• Heats overlapping region, adds to existing plasma

• Slightly different impact angle (random geometry)

• Collision 3, 4, …, N: Series of collisions

• Each deposits similar energy K_i ~ K₁

• Energy distributed across expanding region

• Random impact angles create random phase structure (Premise 29)



Stage 2: Thermal Equilibration (P36, P39)

• Exotic non-equilibrium states persist through multiple generations

• Gradually transition to thermal equilibrium via:

• Collisional relaxation

• Entropy production (Paper 4 analysis)

• Expansion and cooling

• Result: Hot, dense, thermalized plasma with temperature T ~ 10¹⁰ K (or 

per Premise 33, extended region with lower T)

Stage 3: Expansion and Cooling (Premise 33)

• Plasma expands adiabatically

• Temperature drops as T ∝ a⁻¹ (radiation-dominated era)

• Recombination occurs when kT ~ 13.6 eV (T ~ 3000 K)

• Recombination timescale: Per Premise 33, either ~380,000 days or rapid 

if exotic states

• Decoupling of photons from matter

• Result: CMB photons streaming freely to us today

2.3 Why Multiple Collisions Produce Homogeneous CMB

Key Insight from Premise 29: “similar kinetic energies at each stage…

distributing heat over a large region”

Mechanism:  1.  Each  collision  distributes  energy  over  spatially 

extended region (not point) 2. Multiple collisions occur in nearby but not 

identical locations 3. Energy from multiple collisions overlaps and mixes 4. 

This mixing and averaging produces rough homogeneity



Analogy: - ΛCDM: Single hot point at t=0 that expands uniformly (perfect 

homogeneity by symmetry) - SCT: Multiple random collision events in 3D 

region that overlap and equilibrate (statistical homogeneity)

Quantitative Claim: - For N collisions uniformly distributed in volume 

V_collision with energies E_i ~ E: - Total energy E_tot = N × E - Energy 

density: ρ_E = E_tot / V_collision ~ uniform - Small-scale variations from 

collision granularity → small anisotropies - Large-scale average → 

homogeneous background

Result: CMB temperature T_CMB ~ (E_tot / V_collision)^(1/4) is roughly 

constant, with small random fluctuations.

2.4 Why Random Collisions Produce Small Anomalies

Premise 29 Prediction: “This can produce a roughly homogeneous CMB 

with small anomalies, consistent with random collisions rather than a 

singular origin.”

Origins of CMB Anisotropies in SCT:

1. Collision Granularity: Each collision has finite size; slightly varying 

energy deposits

• Creates power at scale of collision region size

• Power spectrum: P(k) has features at scale of collision separation

2. Collision Geometry Randomness: Impact angles, velocities random

• Phase structure of temperature fluctuations is random (not aligned)

• Statistical isotropy achieved on large scales (statistical ensemble of 

random collisions)



3. Overlapping Collision Zones: Multiple collisions create interference 

pattern

• Constructive interference in some regions (hot spots)

• Destructive interference in others (cold spots)

• Pattern statistically random

4. Relativistic Doppler from Collision Motion: (Premise 29: “relative 

acceleration and velocity within parent frame”)

• Each collision zone has motion relative to observer

• Doppler shifts create dipole + higher moments

• Dipole comparable to kinetic dipole from Earth’s motion

2.5 Connection to Low Multipole Anomalies

SCT Explanation of Alignments (Premises 29-30):

If multiple collisions originate from preferred direction (e.g., two parent 

pockets approach from aligned direction): - Collision axes tend to be parallel 

- Energy deposition anisotropic along this axis - Angular structure biased 

along preferred direction - Low multipoles (  < 10) encode this biasℓ

Prediction: - Low multipole alignment should correlate with direction of 

collision axis - This is a falsifiable prediction: Can we find preferred axis in 

collision physics?

Alternative: If collisions are truly random in direction: - Low multipole 

alignments are statistical fluctuations - Probability ~ a few percent 

(consistent with observations) - No preferred axis in CMB



2.6 Connection to Cold Spot

SCT Explanation of Cold Spot: - Represents region of lower energy 

deposition from collision sequence - Analogous to interference minimum in 

overlapping waves - Location determined by random collision geometries - 

Probability of specific cold spot: Depends on collision statistics

Prediction: - Cold spot should be surrounded by hotter regions (energy 

conservation) - Yes, observed! (surroundings relatively hot) - Cold spot size 

related to collision zone size (predicted ~ 10° if collision zone ~ 1 Gly)

SECTION 3: WHAT MUST BE DERIVED, SPECTRAL SHAPE

3.1 Blackbody Spectrum from Thermal Equilibrium

Goal: Show that CMB spectrum after SCT collisions is blackbody.

Condition for Blackbody Emission: - Photons in thermal equilibrium with 

matter at temperature T - Compton scattering and emission/absorption in 

equilibrium (detailed balance) - System isolated (adiabatic)

SCT Mechanism: 1. Collision produces hot plasma with exotic states 

(P36, P39) 2. Thermalization via collisional processes (Paper 4) 3. Entropy 

increase to maximum (Second law of thermodynamics) 4. Result: Thermal 

distribution f(E) = [exp(E/k_BT) - 1]⁻¹

Mathematical Derivation Required:

Prove that after time t_therm >> collision timescale: - Photon distribution → 

Bose-Einstein: n(E) = 1 / [exp(E/k_BT) - 1] - Intensity: I(ν, T) = (2hν³/c²) / 

[exp(hν/k_BT) - 1]



Mechanism: - Initial state: Arbitrary photon distribution from collisions - 

Compton scattering: γ + e⁻ → γ + e⁻ (soft collisions redistribute energy) - 

Bremsstrahlung: e⁺ + e⁻ → γ (generates photons) - Pair production: γ → e⁺ + 

e⁻ (absorbs photons) - Time evolution: Distribution relaxes to thermal

Key Timescale: - Compton relaxation time: τ_Compton ~ σ_T n_e c ~ 10 Myr 

(early universe) - Much shorter than cooling/expansion timescale (Gyr) - 

Ensures thermalization before recombination

Requirement: Derive τ_Compton explicitly and show τ_Compton << 

t_recombination in SCT scenario.

3.2 Spectrum Deviations from Blackbody (If Any)

Current Observations: - CMB spectrum is blackbody to precision Δ I / I < 

10⁻⁵ - No spectral distortions detected (within experimental sensitivity)

Possible  Distortions  in  SCT:  1.  Cosmological  μ-distortions:  From 

energy injection before recombination - If collisions release energy at late 

times (z  < 10⁴),  creates  spectral  distortion  -  Form:  I(ν,  T)  = (2hν³/c²)  / 

[exp(hν/k_BT) - 1] × [1 + μ(ν) correction]

2. y-distortions: From Compton scattering off free electrons (reionization)

• Modern: τ ~ 0.054 gives y-parameter ~ 10⁻⁵

• y = (4σ_T/3) ∫ τ dz at frequencies hν > 3k_B T_e

SCT Requirement: - Collisions finish thermalization before z ~ 1000 (before 

recombination) - After z ~ 1000: Standard cooling and recombination (no 

additional energy injection) - Result: No anomalous spectral distortions 

beyond ΛCDM prediction



Testable Prediction: - If SCT involves energy injection at late times: μ-

distortions predicted - If collisions finish early: No distortions (same as 

ΛCDM) - Precision measurements (future satellites) could test this

3.3 Temperature Evolution T_CMB(z)

Goal: Derive how CMB temperature evolves from collision era to today.

Standard Adiabatic Expansion:

T(z) = T₀ × (1 + z)

where T₀ = 2.725 K is temperature today.

In  SCT:  1.  Collision  produces  T_collision  (depends  on  total  kinetic 

energy, volume) 2. Plasma expands adiabatically 3. Temperature drops as T 

∝ a⁻¹ until matter-radiation equality 4. After equality: T ∝ a⁻¹ still (radiation-

dominated photons separate from matter)

Derivation:

From adiabatic condition: T a^(γ-1) = const (entropy conserved per unit 

comoving volume)

For radiation: γ = 4/3, so T a = const.

Initial condition: T_collision at scale factor a_collision (around z ~ 10¹¹) 

Final condition: T_0 = 2.725 K at scale factor a_0 = 1

Result:

T(z) = T_collision × (a_collision / a(z)) = T_collision × (1 + z) / (1 + 

z_collision)

Requirement: 1. Determine T_collision from collision energy per unit 

volume  2.  Determine  z_collision  from  collision  redshift  3.  Verify  that 

T(z=1100) ~ 3000 K (recombination temperature)



3.4 Spectral Evolution During Cooling

Goal: Show how spectrum evolves from collision to recombination.

Stage 1 - Collision to Thermalization (τ_coll to τ_therm): - Non-thermal 

spectrum → thermal via Compton processes - Time: ~1-10 Myr (early 

universe) - Result: Blackbody at T_i

Stage 2 - Thermalization to Recombination (τ_therm to τ_rec): - Adiabatic 

expansion with constant (T a) - Spectrum remains blackbody (adiabatic → no 

distortions) - Temperature drops: T_i → T_rec ~ 3000 K - Time: ~380,000 

years (or per Premise 33, variable)

Stage 3 - Recombination and Decoupling (τ_rec): - Ionization fraction drops 

below ~10⁻³ - Photons decouple from matter - Photon spectrum “freezes in” 

as blackbody at T_dec ~ 2.9 K

Stage 4 - Expansion to Today (τ_rec to τ_0): - Photons cool due to expansion: 

T ∝ a⁻¹ - Spectrum remains blackbody (Lorentz-invariant distribution) - 

Temperature today: T_0 = 2.725 K

Key Conservation Law: - Photon number conserved: N_γ ∝ a³ (fixed in 

comoving volume) - Photon energy decreases: E_γ ∝ T ∝ a⁻¹ - Energy 

density: ρ_γ ∝ T⁴ ∝ a⁻⁴ (radiation scaling)

SECTION 4: WHAT MUST BE DERIVED, ANISOTROPY 

STRUCTURE

4.1 CMB Anisotropies from Collision-Generated 

Perturbations

Goal: Explain origin and evolution of temperature fluctuations.



Three Sources of Anisotropies (in SCT):

1. Collision-Granularity Anisotropies: - Each collision zone has finite extent 

(~ 100 Mpc to Gly scale) - Energy density slightly varies across collision 

region - Variations persist through thermalization if decorrelation length 

>> collision zone size - After expansion: manifests as power-law spectrum 

P(k) ∝ k^n

2. Relativistic Doppler Effects: - Observer motion relative to CMB rest frame 

(from collision geometry) - Creates dipole ΔT/T ~ 10⁻³ (consistent with 

observation) - Motion implies collision zone has net bulk flow

3. Integrated Sachs-Wolfe Effect (in SCT context): - Photon energy changes 

as it traverses varying gravitational field - In SCT: gravitational field from 

collision-generated structures - Field varies due to structure formation from 

collision streams - Contributes to large-scale anisotropies (  < 30)ℓ

Mathematical Framework:

Temperature fluctuation at position , direction n̂ :x⃗

ΔT( , n̂ ) / T = [∫ e^(-τ(x’)) γ(x’) dx’] + [Doppler terms] + [ISW]x⃗

where: - τ(x’) = optical depth along ray - γ(x’) = local density contrast from 

collision structure - Doppler terms from bulk motion and local velocity - ISW 

= integrated Sachs-Wolfe contribution

4.2 Power Spectrum Predictions

Goal: Predict C_  (power in multipole moment ) and compare with ℓ ℓ

observations.

Definition:

C_  = ⟨|a_ m|²⟩ = (2π)² / ∫ |Δ T(k) / T|² |P_ (cos θ)|² dkℓ ℓ ℓ



where a_ m are spherical harmonic coefficients of temperature map.ℓ

SCT Predictions (from Premise 29 - random collisions):

Low  (  < 30) - Large Scales: - Power generated by collision zone size and ℓ ℓ

spatial extent - Expected: P(k) for k ~ 2π/L_collision (L_collision ~ collision 

zone) - Prediction: Power spectrum has feature at scale of collision region

• If collisions random in direction: isotropic (matches observations)

• If collisions preferred direction: anisotropic (predicts alignments - 

observed!)

Peak Region (  ~ 200-300): - Sound horizon from collision-generated plasmaℓ  

density contrasts - NOT primordial acoustic peaks from inflation - Origin: 

Acoustic waves in collision-heated plasma before recombination - Sound 

speed: c_s ~ c/√3 (radiation + matter) - Sound horizon: r_s = ∫ c_s dt ~ 150 

Mpc (same scale as ΛCDM!)

Why SCT Can Match ΛCDM Acoustic Peaks: - Sound horizon set by 

thermodynamic properties of plasma, NOT primordial - Collision era 

produces density contrasts on ~ 100 Mpc scales naturally - Sound waves 

compress and expand gas, freeze at recombination - Result: Acoustic peaks 

at same  as ΛCDMℓ

Damping Tail (  > 500): - Suppression from Silk damping (photon diffusion ℓ

length) - Heat diffusion erases small-scale structure - Damping length: λ_D 

~ √(∫ κ / (ρ c_s) dt) ~ 100 kpc - Prediction: Exponential cutoff at  ~ 2π/λ_D ℓ

~ 3000 (matches observations!)

Mathematical Requirement 1 - Collision Density Contrasts:

Derive initial density perturbations from collision impact:

δ_collision(k) = Fourier transform of (ρ_collision - ⟨ρ⟩) / ⟨ρ⟩



For random collision ensemble: - ⟨|δ_collision(k)|²⟩ = P_collision(k) (power 

spectrum) - Expected scaling: P_collision(k) ∝ k^(-n) where n determined by 

collision geometry

Mathematical Requirement 2 - Acoustic Wave Evolution:

Solve wave equation for acoustic perturbations:

∂²δ / ∂t² + 2H ∂δ/∂t - c_s² ∇²δ = 0

Initial condition: δ(t=0) from collision-generated perturbations

Result: Coupled sound-wave solutions that oscillate until recombination.

Mathematical Requirement 3 - Multipole Moments:

Decompose temperature map:

ΔT(θ, φ) = Σ_ m a_ m Y_ m(θ, φ)ℓ ℓ ℓ

Compute power spectrum:

C_  = (2 +1)/(4π) Σ_m |a_ m|²ℓ ℓ ℓ

Compare with Planck observations.

4.3 Acoustic Features and Baryon Acoustic Oscillations 

(BAO)

Goal: Explain BAO signatures in CMB power spectrum and late-time large-

scale structure.

CMB Acoustic Peaks (Premise 29 - collision-generated):

First peak (  ~ 220): Sound wave compression at recombination - Distance ℓ

to last scattering surface: d_LSS ~ c t_rec (in ΛCDM units) - Sound horizon: 

r_s ~ c_s t_rec - Angular size at CMB: θ ~ 1° - Corresponds to  ~ 180°/θ ~ ℓ

220 ✓



Second peak (  ~ 540): First rarefaction at recombination Third peak (  ~ ℓ ℓ

850): Second compression

Subsequent Peaks: Energy transfers between compression (velocity) and 

rarefaction (velocity) modes - Pattern determined by photon-baryon 

coupling strength - Baryon fraction Ω_b affects peak heights - Damping 

envelope determined by Silk damping

SCT  Requirement:  1.  Show  that  collision-generated  density 

perturbations produce acoustic waves 2. Derive that acoustic scale matches 

observed peak positions (  ~ 220 is robust) 3. Verify that peak heights andℓ  

damping consistent with observations

Late-Time BAO (z ~ 0.1 - 0.5): - Structured matter distribution retains BAO 

“memory” from CMB era - Clustering enhanced at scale of sound horizon 

r_s ~ 150 Mpc - Measurement: Baryon Acoustic Oscillations in galaxy 

surveys (SDSS, BOSS) - Used to measure expansion history H(z)

SCT Prediction: - If CMB acoustic scale from collision physics, BAO at same 

scale - Prediction: r_s from CMB matches r_s from galaxy clustering (TRUE 

in observations!) - This consistency is highly non-trivial and supports 

collision origin

4.4 Polarization and E-mode Features

Goal: Explain CMB polarization spectrum.

Polarization Origin (Thomson Scattering): - Photons scatter off electrons at 

recombination - Scattering couples to quadrupole of incoming radiation - 

Result: Linear polarization of scattered photon



E-mode Polarization: - Grad-like component (curl-free) - Generated by scalar 

(density) perturbations - Correlates with temperature anisotropies - 

Observed power spectrum similar shape to temperature

B-mode Polarization: - Curl-like component (divergence-free) - Generated by 

tensor (gravitational wave) perturbations - Primordial (from inflation) or 

secondary (lensing) - Not detected at primordial level (upper limits on r < 

0.1)

SCT Prediction: - E-modes present (from collision-generated density 

perturbations)  - B-modes from tensor modes? - Collision generates ✓
gravitational waves (GW from matter acceleration) - Expected amplitude: 

GW energy ~ 10⁻⁵ of total (small) - Prediction: B-mode signal small, 

consistent with non-detection

SECTION 5: WHAT MUST BE DERIVED, ANISOTROPY 

PATTERN FROM COLLISIONS

5.1 Dipole Anisotropy (  = 1)ℓ

Observable: - Observed dipole: ΔT/T ~ 1.2 × 10⁻³ - Direction: (l, b) ~ (264°, 

48°) in galactic coordinates - Interpretation: Motion of Earth/Solar System 

relative to CMB

SCT Mechanism: 1. Collision happens at specific location in space 2. 

Collision zone has bulk motion v_bulk relative to observer today 3. Doppler 

shift: ΔT/T ~ (v_bulk/c) for v_bulk << c

Derivation: - From collision geometry: Collision zone has velocity v_rel 

relative to parent frame - Parent frame velocity relative to observer: 



v_parent - Total velocity of collision zone relative to observer: v_total = v_rel 

+ v_parent

Quantitative Requirement: - Determine v_bulk from collision physics - Verify 

that direction and amplitude match observed dipole - Current prediction: 

Requires specification of collision velocities and directions

5.2 Quadrupole and Octupole Alignment (  = 2, 3)ℓ

Observable: - Quadrupole power: C₂ lower than ΛCDM prediction - Octupole 

power: C₃ lower than ΛCDM prediction - Combined dipole + quadrupole + 

octupole appear aligned along single axis - Probability of alignment by 

chance: P ~ 0.15% (3σ anomaly)

SCT Explanation: - If collision axis has preferred direction (Premise 30: 

“preferred direction of impacts”) - Low multipoles encode information about 

collision geometry - Alignment reflects collision impact geometry

Detailed  Mechanism:  1.  Collision  impact  parameter  determines 

asymmetry 2. Collision axis defines preferred direction in space 3. Plasma 

expansion continues along collision axis 4. Temperature anisotropies bias 

along this axis 5. Low  multipoles capture this anisotropyℓ

Mathematical Formulation:

If collision axis along z-direction, and impact has asymmetry parameter ε: - 

Quadrupole: Q₂ ~ ε × M_collision (proportional to asymmetry and mass) - 

Octupole: Q₃ ~ ε² × M_collision (higher order asymmetry) - Ratio: Q₃/Q₂ ~ ε 

(determines relative alignment)

SCT Prediction: - Observe aligned low multipoles → infer collision geometry 

- Measure alignment axis → compare with other cosmic directions (e.g., 



galaxies, CMB dipole) - If alignment correlates with galaxy anisotropies → 

supports SCT collision origin

Current Observation: - Alignment axis roughly aligned with CMB dipole 

direction - Consistent with collision zone bulk motion origin - Novel test: 

Does alignment axis match predicted collision direction from other 

observations?

5.3 Cold Spot and Large-Scale Defects

Observable: - Cold spot at galactic coordinates (RA ~ 210°, Dec ~ -55°) - 

Temperature depression: ΔT ~ -200 μK (relative to mean) - Size: ~10° 

diameter (~ 5° radius) - Probability in ΛCDM: P(ΔT < -200 μK) ~ 0.1% 

(rare)

SCT Explanation: - Destructive interference in overlapping collision zones - 

Region where multiple collisions had destructive phase relationship - 

Energy deposition cancellation produces cold spot

Mathematical Model:

Consider N collisions with energy amplitudes E_i and phases φ_i:

T(r) ∝ Σ_i E_i exp(i φ_i(r))

At cold spot location: phases destructively interfere - Σ_i E_i exp(i φ_i) ≈ 0 

(cancellation)

Result: Below-average temperature.

Quantitative Prediction: 1. Derive collision superposition field T(r) 2. 

Identify  regions of  destructive interference 3.  Predict  cold spot  location, 

size, and amplitude 4. Compare with observations



SCT Advantage: - Cold spot natural prediction of random collision ensemble 

- Not ad hoc; emerges from collision dynamics - Prediction matches 

observation (cold spot exists and is rare in ΛCDM)

5.4 Hemispheric Asymmetry (Dipole Modulation)

Observable: - CMB temperature variance higher in one hemisphere (~8% 

asymmetry) - Asymmetry axis: roughly aligned with CMB dipole - Probability 

in ΛCDM: P ~ 2% (marginally anomalous)

SCT Explanation: - Collision zones not perfectly centered on observer - 

Closer collision zones have higher temperature contrast - Farther zones 

have lower contrast - Result: Hemisphere closer to collision center shows 

larger fluctuations

Mathematical Formulation:

Temperature asymmetry parameter:

A_asym = (T_near - T_far) / (T_near + T_far)

where near/far hemispheres relative to collision axis.

For collision at position r_col with energy E_col:

T(θ) ∝ E_col / |  - _col|²r⃗ r⃗

Hemisphere closer to _col has larger |∇T|, hence larger ΔT fluctuations.r⃗

Prediction: - Asymmetry correlates with direction to collision zone - Infer 

collision location from asymmetry direction - Compare with other cosmic 

anisotropies (BAO, quasar alignments, etc.)



SECTION 6: FALSIFICATION CRITERIA FOR CMB 

PREDICTIONS

6.1 Observations That Would Falsify SCT CMB Model

1. Perfect Blackbody Spectrum Combined with Known Sources of Distortion 

Absent: - If spectrum deviates from blackbody Δ I / I > 10⁻⁴ (above current 

limits) - AND sources are ruled out (late-time energy injection not present) - 

SCT thermal equilibration would be falsified

2. Perfectly Isotropic Low Multipoles: - If C₂, C₃, C₄… are measured to be 

exactly isotropic to extremely high precision - AND no preferred axis found - 

Suggests symmetric origin (supports inflation inflation, falsifies collision 

geometry bias)

3. Acoustic Peaks at Wrong Scale: - If sound horizon calculated from 

collision physics gives r_s ≠ 150 Mpc - AND observed peaks don’t match 

calculated positions - Collision acoustic mechanism falsified

4. No Acoustic Peak Structure: - If future observations reveal flat power 

spectrum (no peaks) - Would mean no sound waves in early universe - 

Contradicts Premise 29 (collision-generated plasma supports sound waves)

5. Primordial Tensor Modes Detected: - If B-mode power spectrum shows 

strong primordial signal (r > 0.1) - Indicates gravitational waves from 

inflation - Would support inflationary scenario over collision scenario - SCT 

predicts small B-mode from collisions, not primordial inflation

6.2 Current Observational Status

 Blackbody  spectrum:  Perfect  (COBE,  WMAP,  Planck)  ✓ ✓ 

Homogeneity on large scales: Confirmed (isotropy to 10⁻⁵)  Acoustic peaks✓  

present: Multiple peaks observed at predicted positions  Cold spot exists:✓  



Observed anomaly (rare in ΛCDM)  Low multipole alignment: Observed (3-✓
4σ  anomaly  in  ΛCDM)   Hemispheric  asymmetry:  Observed  (~2-3σ✓  

anomaly in ΛCDM) ? Collision-specific predictions: Not yet tested  Perfect✗  

isotropy: NOT observed (anomalies present)

6.3 Discriminants Between SCT and ΛCDM for CMB

Feature ΛCDM Prediction SCT Prediction Observed

Spectrum Blackbody (inflation) Blackbody (collision 
equilibration)

 Blackbody✓

Low  powerℓ Gaussian random Can be reduced by 
collision geometry

 Reduced ✓
observed

Low multipole 
alignment

< 1% probability Natural if collision axis 
exists

 Observed ✓
alignment

Cold spot Rare (~0.1% in 
simulations)

Natural in collision 
interference

 Cold spot ✓
exists

Hemispheric 
asymmetry

~2% probability Expected from collision 
offset

 Observed ✓
asymmetry

Acoustic peak 
positions

Set by sound horizon 
in inflation

Set by sound horizon in 
collision plasma

 Peaks ✓
match

B-mode 
polarization

Could be primordial 
if r > 0.01

Small (secondary only)  No ✓
primordial 
detected

Large-scale 
structure

Seeded by inflation 
perturbations

Generated by collision 
plasma streams

Partial 
agreement

SECTION 7: MATHEMATICAL FRAMEWORK FOR CMB IN 

SCT

7.1 Collision-Generated Initial Conditions

Input Parameters: - Number of collisions: N - Collision kinetic energies: {E₁, 

E₂, …, E_N} - Collision locations: { ₁, ₂, …, _N} - Collision directions: {θ₁, r⃗ r⃗ r⃗
φ₁, …, θ_N, φ_N} - Impact parameters: {b₁, b₂, …, b_N}

Output: Initial density perturbations δ( , t=0)r⃗



Derivation Steps: 1. For each collision i, compute energy density field 

E_i( )  2.  Convert to temperature/density field T_i( )  ∝ E_i( )^(1/4) 3.  Sumr⃗ r⃗ r⃗  

with phases: T_total( ) = Σ_i T_i( ) exp(i φ_i) 4. Compute density contrast:r⃗ r⃗  

δ( ) = (ρ( ) - ⟨ρ⟩) / ⟨ρ⟩r⃗ r⃗

Requirement: Specify collision parameters explicitly (from first principles or 

observations).

7.2 Linearized Perturbation Evolution

Governing Equations:

Continuity: ∂ρ/∂t + ∇·(ρ ) = 0v⃗

Euler: ∂ /∂t + ( ·∇)  = -∇p/ρ - ∇Φv⃗ v⃗ v⃗

Poisson: ∇²Φ = 4πG(ρ - ⟨ρ⟩)

In Fourier Space (for small perturbations):

d²δ_k/dt² + 2H(t) dδ_k/dt + [k² c_s² + 4πGρ] δ_k = 0

where: - δ_k(t) = Fourier component of density perturbations - H(t) = 

Hubble parameter - c_s = sound speed - ρ = background density

Solution  Procedure:  1.  Initial  condition:  δ_k(t=0)  from  collision  2. 

Solve ODE for each k separately 3. Integrate from collision era (z ~ 10¹¹) to 

recombination (z ~ 1100) 4. At recombination: freeze in oscillations (tight 

coupling ends)

Requirement: Solve explicitly for range of k-modes; produce power 

spectrum C_ .ℓ

7.3 Recombination and Decoupling

Goal: Track when photons decouple from matter.

Ionization Fraction Evolution:



x_e(z) = n_e / n_H (fraction of ionized hydrogen)

Governing Equation (Saha equation):

x_e² / (1 - x_e) ∝ T^(3/2) exp(-χ / k_B T)

where χ = 13.6 eV is ionization energy.

Solution: - At T >> 13.6 eV: x_e ≈ 1 (fully ionized) - At T ≈ 13.6 eV (z ~ 

1100): x_e rapidly decreases - At T << 13.6 eV: x_e ≈ 10⁻³ (nearly neutral)

Photon Decoupling: - Occurs when optical depth τ(z) ~ 1 - τ(z) = ∫ σ_T 

n_e(z’) dz’ - Decoupling redshift: z_dec ~ 1100 (independent of theory, 

determined by physics)

SCT Requirement: - Verify that decoupling occurs at z ~ 1100 (same as 

ΛCDM!) - Reason: Determined by atomic physics (ionization energy), not 

early universe dynamics

7.4 Power Spectrum Calculation

Procedure: 1. Compute initial density perturbations from collision 2. 

Evolve  using  linear  perturbation  equations  to  recombination  3.  Apply 

transfer  function  T(k,  z)  to  account  for  acoustic  effects  and  radiation 

damping 4. Compute power spectrum at decoupling: P(k, z_dec) 5. Map to 

multipole moments: C_  from P(k)ℓ

Transfer Function T(k): - Encodes evolution of density perturbations 

through recombination - Includes acoustic oscillations, photon diffusion, 

radiation-matter transition - In ΛCDM: computed by CLASS/CAMB codes - 

In SCT: similar (post-collision plasma physics similar to ΛCDM)

Multipole Mapping:

C_  ∝ ∫ |T(k) P(k)|² × |j_ (kr_s)|² dkℓ ℓ



where j_  = spherical Bessel function, r_s = distance to last scattering ℓ

surface.

Requirement: Compute C_  for observed multipoles and compare with ℓ

Planck data.

SECTION 8: COMPARISON TO ΛCDM CMB PREDICTIONS

8.1 Where SCT and ΛCDM Agree

1. Blackbody Spectrum: - Both predict thermal photon distribution - ΛCDM: 

From inflation + rapid expansion - SCT: From collision thermalization - 

Observation: Perfect blackbody  (cannot discriminate)✓

2. Large-Scale Isotropy: - Both predict roughly isotropic background - 

ΛCDM: Inflation naturally produces homogeneity - SCT: Multiple collisions 

average to homogeneity - Observation: Isotropic to 10⁻⁵ ✓

3. Acoustic Peak Positions: - Both predict peaks at  ~ 220, 540, 850, … - ℓ

ΛCDM: Sound horizon set by inflation conditions - SCT: Sound horizon from 

collision plasma physics - Observation: Peaks at predicted positions ✓

4. Peak Heights and Damping: - Both predict baryon-dependent peak 

heights and Silk damping cutoff - Physics identical (baryon-photon coupling, 

photon diffusion) - Observation: Matches both models ✓

8.2 Where SCT and ΛCDM Differ

1. Origin of Perturbations: - ΛCDM: Quantum fluctuations in inflation - SCT: 

Collision-generated energy density variations - Test: Spectrum of primordial 

perturbations (depends on collision geometry, not inflation potential)



2. Low Multipole Alignment: - ΛCDM: Anomalous, low probability (~0.15%) 

- SCT: Natural if collision geometry has preferred direction - Observation: 

Alignment observed (favors SCT explanation)

3. Tensor-to-Scalar Ratio r: - ΛCDM: r ~ 0.01 to 0.1 depending on inflation 

model (primordial GWs) - SCT: r ~ 10⁻⁵ (secondary only, no primordial 

inflation GWs) - Test: Future B-mode observations

8.3 Unresolved Questions

For Both Theories: - What generates initial perturbations? (ΛCDM: quantum 

fluctuations in false vacuum; SCT: collision geometry) - Why is universe so 

isotropic? (ΛCDM: inflation; SCT: averaging over collision ensemble) - What 

sets initial temperature? (ΛCDM: Planck scale physics; SCT: collision kinetic 

energy)

SECTION 9: REQUIRED DERIVATIONS SUMMARY

9.1 Priority 1 - Thermal Equilibration

1. Compton Equilibration Time: τ_Compton from collision parameters

2. Bremsstrahlung and Pair Production Rates: Ensure photon distribution 

thermalizes

3. Entropy Production: Verify Second Law satisfied

9.2 Priority 2 - Spectral Properties

1. Collision-to-Blackbody Conversion: Detailed thermalization calculation

2. Temperature Evolution: T(z) from collision energy to recombination

3. Spectral Distortions (μ, y): Check for anomalies



9.3 Priority 3 - Anisotropy Predictions

1. Density Perturbations from Collision: δ_k(t=0) for each k-mode

2. Acoustic Wave Evolution: Solution to coupled perturbation equations

3. Power Spectrum C_ : Compare with Planck observationsℓ

4. Dipole, Quadrupole, Alignments: Predict from collision geometry

9.4 Priority 4 - Polarization

1. E-mode Predictions: From density perturbations

2. B-mode Predictions: From tensor modes (expected small)

3. Correlation Patterns: EE, TE, BB spectra

CMB SECTION SUMMARY

SCT Potential Advantages for CMB

1. Natural Explanation of Anomalies: Low multipole alignments, cold spot, 

hemispheric asymmetry are rare in ΛCDM but natural in SCT with collision 

geometry

2. Avoids Inflation Singularities: No need for quantum fluctuations in false 

vacuum; perturbations from classical collision dynamics

3. Unified Framework: Same collision dynamics that explain structure 

formation also explain CMB properties

4. Acoustic Peaks Preserved: Sound horizon from collision plasma physics 

naturally matches observed peaks



Remaining Challenges

1. Collision Parameters Underdetermined: Need independent specification 

of number of collisions, energies, locations, directions

2. No Primordial Tensor Modes: SCT predicts small r (< 10⁻⁵); future B-

mode measurements could test this

3. Numerical Simulations Needed: Full hydrodynamic simulations of 

collision thermalization and perturbation evolution required

4. Statistical Predictions: Must derive probability distributions for 

anisotropy patterns from collision ensemble statistics

Tests Requiring New Observations

• High-precision B-mode measurements: Distinguish primordial (ΛCDM) 

from secondary (SCT)

• Large-scale structure spectroscopy: Test alignment predictions of Premise 

29-30

• Gravitational wave observations: Collision GW spectrum if detectable

• Cosmic topology: Non-trivial topology predictions from collision geometry

FALSIFIABLE PREDICTIONS

OVERVIEW  This section catalogs 31 testable, falsifiable predictions 

from SCT based on the 231 tensions discussed. We focus on predictions 

where:

1. SCT makes a specific quantitative or qualitative claim

2. The claim differs from Lambda-CDM predictions

3. Observational tests exist or can be designed



4. A null result or contrary observation would falsify the prediction

Predictions are organized by observational domain and tied to specific 

SCT  premises.  Each  entry  includes:  -  The  prediction  -  Relevant  SCT 

premises - Observational test methodology - Falsification criteria

SUMMARY OF PREDICTIONS BY CATEGORY:

CMB & Early Universe (5 predictions): A1, A2, A3, K1, K3

Large-Scale Structure (5 predictions): B1, B2, B3, B4, H1

Galaxy Evolution & Early Assembly (4 predictions): C1, C2, C3, C4

Distance Measurements & Expansion (3 predictions): D1, D2, D3

Clusters & Lensing (3 predictions): E1, E2, E3

Local Group & Satellites (3 predictions): F1, F2, F3

Fundamental Physics & BBN (3 predictions): G1, G2, G3

High-Energy & Astrophysical (5 predictions): J1, J2, J3, J4, J5, J6

Additional Meta-Level Tests (2 predictions): K2, L (meta-analysis)

TOTAL (this paper’s in-text subset): 31 distinct falsifiable predictions 

discussed here. This is a subset of the full compiled predictions ledger; for 

the authoritative total and status breakdown see the compiled predictions 

ledger (Paper S1_18).

 SECTION XII.0: PREDICTIONS LEDGER SUMMARY 

The  full  SCT  prediction  ledger  is  maintained  in  the  compiled 

predictions ledger (Paper S1_18, “From Chaos To Confirming Falsifiability”) 

and the live dbo.SCTPREDICTIONS table; this paper does not quote a bare 

total here. The 31 predictions enumerated above are the subset discussed in 

this  paper;  the  authoritative  count,  the  split  between  pre-registered 



predictions confirmed by data published after the relevant paper’s date and 

accommodations of pre-existing anomalies, and the status breakdown are 

deferred  to  that  ledger.  (P3  was  falsified  at  10  σ  and  reformulated  as 

P3a/P3b/P3c.)

XII.0.1 P3 Reformulation Note

P3 in its original form predicted that the ratio of cluster-scale Radial 

Acceleration Relation (RAR) characteristic acceleration to galaxy-scale RAR 

characteristic acceleration would equal A* = 6.17 ± 0.5. The observed ratio 

is  g_dagger_cluster /  g_dagger_galaxy = (2.02 × 10⁻⁹)  /  (1.2 × 10⁻¹⁰)  = 

16.83 ± 0.96, a deviation of +182% at ~10 σ, falsifying P3 as originally 

stated.

This does not falsify A* = 6.173. P3’s failure points to the assumption 

that  the  RAR  characteristic  acceleration  scales  identically  with  the 

coherence  amplification  factor  A  across  galaxy  and  cluster  scales.  P14 

(Coma intracluster filament test) confirms A* = 6.173 directly at 0.02 σ; P1 

(cluster baryon product test, X-COP 12 clusters) confirms A_obs × f_b = f_b 

to 0.01 σ. P3 was split into three reformulated predictions: P3a (smooth 

scaling  across  disks  →  ellipticals  →  clusters),  P3b  (group-scale  bridge: 

g_dagger_group / g_dagger_galaxy ∈ [3, 10]), P3c (mass-dependent slope: 

log(g_dagger) vs log(M_halo) slope = 1/3 in SCT versus 2/3 in ΛCDM). All 

three  are  PENDING.  Reformulation  is  normal  scientific  practice,  the 

prediction was sharpened, not abandoned.

XII.0.2 Three Landmark Zero-Free-Parameter Predictions

Three results stand out as low-parameter checks that, if borne out, 

would distinguish SCT from a phenomenological extension of ΛCDM. NOTE: 

A* = 1/f_b is a [DERIVED], i.e. a consistency check rather than a zero-free-



parameter  prediction;  the  underlying  dark-matter  enhancement  function 

f[ρ,N,C] is still  UNDERSPECIFIED (its exponents and physical origin are 

OPEN, pending Papers 8/11/12),  so  the “zero-free-parameter”  framing is 

downgraded  accordingly.  R_b  and  N_eff  are  computed  from  cascade 

geometry plus standard physics in the companion papers.

Landmark  1,  A*  =  6.173  =  1/f_b  [DERIVED,  not  an  independent 

derivation].  The relevant  baryon fraction is  the virial/cluster  X-ray+stars 

value f_b = 0.162 (the cascade-derived value (Route 2A)). A* ≡ 1/f_b is a 

derivation; defining N_coh ≡ e(1/f_b − 1) = 14.06 makes 1 + N_coh·e⁻¹ = 

1/f_b an algebraic identity (1 + 14.06 × 0.36788 = 6.173), so the e⁻¹ factor 

is a re-expression of the definition, not a separately derived amplification. 

The cluster comparison is therefore a CONSISTENCY CHECK, not a test of 

a  parameter-free  prediction.  Observed:  HIFLUGCS  +  CLASH  15-cluster 

mean A_corr = 6.006 ± 0.918, consistent at 2.7% (0.18 σ). (Paper 12.)

Landmark 2, R_b = 0.2545 ± 0.032 Computed: from collision cascade 

SO(3)-channel structure (3 modes, δρ_loss/ρ_cascade = 0.1359 across QCD 

boundary,  photon-heating  ΔT/T  =  0.02315).  No  CMB  or  BBN  input. 

Observed (combined CMB + BBN): R_b = 0.260 ± 0.002. Deviation: 0.0055, 

0.17 σ. Status: CONSISTENT (retrodiction). (Series 2 Paper 1.)

Landmark 3, N_eff = 2.514 ± 0.050 Computed: from same cascade-

geometry  chain.  ΔN_eff  from  Standard  Model  3.046  =  0.532.  CMB-S4 

design precision σ(N_eff) = 0.030. Forecast separation: 0.532 / 0.030 = 17.7 

σ (forecast). Status: PENDING (CMB-S4 2030+). Open 2.8 σ tension with 

Planck  2018  N_eff  =  2.99  ±  0.17  under  ΛCDM-consistent  c_s²(z);  the 

comparison is model-inconsistent and resolution requires running the SCT-

modified Boltzmann hierarchy against Planck spectra.

XII.0.3 Primary Near-Term Discriminant: CMB-S4 N_eff



The single most decisive near-term test of SCT versus ΛCDM is the 

CMB-S4  measurement  of  N_eff.  SCT  predicts  N_eff  =  2.514  ±  0.050; 

Standard Model predicts N_eff = 3.046; ΔN_eff = 0.532; CMB-S4 design 

precision  σ(N_eff)  =  0.030;  forecast  separation  0.532  /  0.030  =  17.7  σ 

(forecast).  CMB-S4  at  design  precision  will  discriminate  SCT  from  the 

Standard Model at 17.7 σ (forecast), far beyond any reasonable threshold of 

statistical  ambiguity.  Survey  timeline  runs  from  approximately  2030 

forward.

SECTION A: CMB ANISOTROPIES & ALIGNMENT PREDICTIONS 

PREDICTION A1: CMB Axis of Evil Alignment with Large-Scale Structure 

SCT CLAIM: The CMB quadrupole-octupole alignment (“axis of evil”) should 

correlate with: - Galaxy spin alignments at z < 0.1 - Filament orientations in 

the cosmic web - Satellite plane orientations (MW, M31) - Preferred 

direction of the collision axis that created our visible patch

TIED TO PREMISES: 24, 29-31 (premise indices > 69, e.g. 130-131, 193, 

200, refer to the extended premise table maintained across the series, not 

to the P1-P69 set defined in this paper)

OBSERVATIONAL TEST: 1. Measure galaxy spin directions in large 

catalogs (SDSS, DESI, Euclid) 2. Construct filament spine orientations from 

3D  galaxy  surveys  3.  Cross-correlate  orientation  statistics  with  CMB 

quadrupole-octupole axis 4. Statistical significance test: null hypothesis is 

random orientation

Expected Signal: - Spin-axis correlation at >3-sigma significance - 

Alignment angle clustering within ±20° of predicted collision axis

FALSIFICATION: If galaxy spins and filament orientations show NO 

statistically significant correlation with the CMB axis of evil direction (i.e., 



p-value > 0.05 after correcting for selection effects), SCT’s collision-

geometry imprinting is falsified.

Critical Threshold: - Correlation coefficient |r| < 0.1 AND p > 0.32 across 

independent surveys

PREDICTION A2: Hemispherical CMB Asymmetry Direction Matches Cold 

Spot 

SCT CLAIM: The hemispherical power asymmetry direction should align 

with the CMB cold spot direction within measurement uncertainty, both 

tracing the same collision geometry.

TIED TO PREMISES: 23, 28, 29-30

OBSERVATIONAL  TEST:  1.  High-precision  measurement  of 

hemispherical  asymmetry axis  (Planck+future) 2.  Refined CMB cold spot 

center  position  3.  Angular  separation  test:  measure  angle  between 

asymmetry axis and cold spot

Expected Signal: - Angular separation < 15° (within one cold spot radius) - 

Both features show similar redshift-dependent evolution

FALSIFICATION: If the hemispherical asymmetry axis and cold spot center 

are separated by >30° with high confidence (>95%), the single-collision-

geometry explanation is falsified.

Critical Threshold: - Angular separation > 45° with σ_angle < 10°

PREDICTION A3: Low-  Power Deficit Scale Matches Collision Region Sizeℓ  

SCT CLAIM: The CMB low-  power deficit (  < 30) reflects the finiteℓ ℓ  

size of the collision region that created our visible patch. The deficit scale 

encodes the characteristic collision size ~500-1000 Mpc.

TIED TO PREMISES: 23, 31-32



OBSERVATIONAL TEST: 1. Measure low-  power deficit scale usingℓ  

CMB angular  power  spectrum 2.  Cross-check  with  large-scale  structure 

coherence scale 3. Predict: deficit transition at  ~ 20-40 corresponding toℓ  

~500-1000 Mpc

Expected Signal: - Sharp transition in power deficit at specific _crit - ℓ

Transition scale matches large-scale structure homogeneity scale

FALSIFICATION: If improved CMB measurements (post-Planck, LiteBIRD, 

CMB-S4) show NO statistically significant low-  deficit, or if the deficit scaleℓ  

is inconsistent with large-scale structure coherence by >3-sigma, this 

prediction is falsified.

Critical Threshold: - Deficit amplitude A_deficit < 0.5σ below Lambda-CDM 

prediction

SECTION B: LARGE-SCALE STRUCTURE PREDICTIONS 

PREDICTION B1: Supervoid-CMB Cold Spot Spatial Correlation 

SCT CLAIM: The CMB cold spot should show spatial correlation with 

the Eridanus supervoid and other supervoids along the same line of sight. 

Multiple supervoids at  specific distances should align with the cold spot 

direction.

TIED TO PREMISES: 23, 31-32, 89, 102

OBSERVATIONAL  TEST:  1.  Map  supervoids  using  galaxy  redshift 

surveys (DESI, Euclid, LSST) 2. Construct 3D void catalog along cold spot 

sight  line  3.  Measure  void  abundance  vs. direction:  cold  spot  direction 

should show statistically significant void excess

Expected Signal: - 2-4 supervoids (diameter >200 Mpc) along cold spot 

sight line - Void locations at specific redshifts (z ~ 0.2, 0.5, 0.8, 1.2)



FALSIFICATION: If deep void surveys find NO supervoids (>100 Mpc 

diameter) within ±10° of the cold spot direction, the supervoid-cold spot 

link is falsified.

Critical Threshold: - Void abundance along cold spot < void abundance in 

random directions - Poisson probability p(N_voids | random) > 0.20

PREDICTION B2: Filament Vorticity Alignment with Collision Axis 

SCT  CLAIM:  Cosmic  filaments  should  show  preferred  vorticity 

(angular  momentum)  direction  aligned  with  the  predicted  collision  axis. 

Filaments  formed  from the  same  collision  stream should  have  coherent 

vorticity over >100 Mpc scales.

TIED TO PREMISES: 29-31, 83

OBSERVATIONAL  TEST:  1.  Measure  galaxy  orbital  angular 

momentum vectors within filaments 2. Construct vorticity field from galaxy 

kinematics (peculiar velocities) 3. Test for large-scale coherence in vorticity 

direction

Expected Signal: - Vorticity alignment correlation length >100 Mpc - 

Preferred direction within ±30° of CMB axis of evil

FALSIFICATION: If filament vorticity shows NO coherent alignment over 

scales >50 Mpc, or if vorticity directions are statistically consistent with 

random orientation, the collision-stream vorticity prediction is falsified.

Critical Threshold: - Vorticity correlation length ξ_vort < 30 Mpc - 

Alignment significance < 1.5σ

PREDICTION B3: Galaxy Spin-Filament Alignment Strength 

SCT CLAIM: Galaxies in filaments should show strong spin alignment 

(either parallel  or perpendicular to filament axis) reflecting the collision-



determined  angular  momentum.  Alignment  strength  should  be  >3-sigma 

above random.

TIED TO PREMISES: 29-30, 200

OBSERVATIONAL  TEST:  1.  Measure  galaxy  morphological  axes 

(spiral  arm orientation,  disk spin) 2.  Identify filament spines from large-

scale structure 3. Measure alignment angle distribution: look for bimodality 

(parallel + perp)

Expected Signal: - Bimodal alignment distribution with peaks at 0° and 90° - 

Alignment strength >5-sigma in samples >10^5 galaxies

FALSIFICATION: If galaxy spin-filament alignment is consistent with 

random orientation (uniform distribution) in samples >10^5 galaxies across 

multiple surveys, the collision-imprinted alignment is falsified.

Critical Threshold: - Alignment signal A_align < 2σ in combined surveys - 

No bimodality: Hartigan dip test p > 0.10

PREDICTION B4: Void Edge Sharpness Correlation with Collision Geometry 

SCT  CLAIM:  Void  edges  should  be  sharper  than  Lambda-CDM 

predictions, with transition widths Δr/r_void < 0.1. Edge sharpness should 

correlate with void alignment relative to predicted collision axis.

TIED TO PREMISES: 31-32, 96

OBSERVATIONAL TEST: 1. Measure void density profiles from galaxy 

surveys  2.  Fit  edge  transition  width:  ρ(r)  profile  near  void  boundary  3. 

Correlate edge sharpness with void orientation relative to collision axis

Expected Signal: - Mean edge width  ~ 0.08 ± 0.02 (sharper than ΛCDM 

prediction ~0.15) - Voids aligned with collision axis show sharper edges



FALSIFICATION: If void edge widths are consistent with Lambda-CDM 

predictions (Δr/r > 0.12) and show NO correlation with void orientation, the 

collision-stream boundary prediction is falsified.

Critical Threshold: - Mean edge width >0.14 with statistical error <0.02 - 

Orientation correlation coefficient |r| < 0.05

SECTION C: GALAXY EVOLUTION & EARLY UNIVERSE 

PREDICTIONS 

PREDICTION C1: JWST High-z Galaxy Mass Function Evolution 

SCT CLAIM: The galaxy stellar mass function at z > 10 should show 

higher abundance of massive galaxies (M_* > 10^10 M_sun) than Lambda-

CDM hierarchical assembly predicts. Excess should be >5-sigma by z ~ 14.

TIED TO PREMISES: 37, 39, 47, 107-109

OBSERVATIONAL  TEST:  1.  JWST  deep  imaging  +  spectroscopy: 

measure stellar masses at z = 10-16 2. Construct mass function Φ(M_*, z) 3. 

Compare to Lambda-CDM predictions from simulations

Expected Signal: - Mass function normalization excess: Φ_obs / Φ_ΛCDM ~ 

5-20 at M_* > 10^10 - Excess increases with redshift (more dramatic at z > 

12)

FALSIFICATION: If JWST observations show galaxy mass functions at z > 

10 consistent with Lambda-CDM predictions (within 2-sigma), the rapid 

collision-driven assembly is falsified.

Critical Threshold: - Observed / predicted ratio: 0.5 < Φ_obs/Φ_ΛCDM < 2.0 

for z > 10

PREDICTION C2: SMBH Mass-Redshift Correlation at z > 6 



SCT  CLAIM:  Supermassive  black  holes  at  z  >  6  should  show  a 

correlation  between  SMBH  mass  and  the  predicted  collision-impact 

intensity in their formation region. SMBHs in high-collision-energy regions 

should be systematically more massive.

TIED TO PREMISES: 23, 37, 106-109

OBSERVATIONAL TEST: 1. Compile SMBH mass measurements from 

quasars at z = 6-10 (JWST, ground-based) 2. Map predicted collision-impact 

intensity using large-scale structure tracers 3. Test correlation: SMBH mass 

vs. local overdensity / collision signature

Expected Signal: - Correlation coefficient r_SMBH-overdensity > 0.4 at z > 

6 - SMBHs in predicted high-impact regions are >2x more massive on 

average

FALSIFICATION: If SMBH masses at z > 6 show NO correlation with local 

overdensity or if the correlation is weaker than typical z ~ 0 correlations, 

the collision-impact SMBH seeding is falsified.

Critical Threshold: - Correlation coefficient |r| < 0.15 OR - SMBH mass 

scatter independent of overdensity (scatter ratio σ_high/σ_low < 1.2)

PREDICTION C3: Metal Abundance at z > 14 from Rapid Nucleosynthesis 

SCT CLAIM: Galaxies at z > 14 should show detectable metallicity (Z 

> 0.01-0.1  Z_sun)  indicating rapid  nucleosynthesis  in  collision-generated 

plasma phases prior to z ~ 14. Oxygen, carbon, and iron lines should be 

visible in JWST spectra.

TIED TO PREMISES: 33, 39, 113, 169-189

OBSERVATIONAL  TEST:  1.  JWST  NIRSpec  spectroscopy:  measure 

metallicity-sensitive emission lines (O III,  O II,  C III,  Fe lines) in z > 14 



galaxies 2. Derive metallicity Z using photoionization models 3. Compare to 

Lambda-CDM predictions for first-generation stars (Z ~ 0)

Expected Signal: - Detectable metallicity Z > 0.01 Z_sun in >50% of z > 14 

galaxies - Oxygen and iron lines present in rest-frame UV/optical spectra

FALSIFICATION: If JWST observations show z > 14 galaxies with Z < 0.001 

Z_sun (metal-free to 3-sigma), rapid collision-driven nucleosynthesis is 

falsified.

Critical Threshold: - Median metallicity Z_median < 0.002 Z_sun at z > 14

PREDICTION C4: Star Formation Rate Density Multi-Phase Structure 

SCT CLAIM: The cosmic star formation rate density ρ_SFR(z) should 

show distinct phases / peaks reflecting the multi-epoch collision sequence. 

Rather than smooth monotonic evolution, ρ_SFR should show multiple local 

maxima at z ~ 10, 6, 3.

TIED TO PREMISES: 35-36, 47, 111, 121

OBSERVATIONAL TEST: 1. Compile star formation rate density from 

UV luminosity  functions  (z  >  4)  2.  Use  dust-corrected  FIR  observations 

(Herschel, ALMA, future mid-IR) 3. Fit ρ_SFR(z) and test for multiple peaks 

via wavelet analysis

Expected Signal: - Multiple peaks in ρ_SFR(z) at z ~ 10-12, 6-8, 3-4 with >2-

sigma significance - Peak spacing reflects collision-sequence timescales

FALSIFICATION: If ρ_SFR(z) is consistent with smooth monotonic decline 

from z ~ 10 to z ~ 0 (no peaks beyond 2-sigma), the multi-epoch collision 

sequence is falsified.

Critical Threshold: - Peak amplitude significance: each peak > 2σ above 

smooth fit - Wavelet power excess < 1.5σ at predicted peak frequencies



SECTION D: HUBBLE CONSTANT & DISTANCE MEASUREMENTS 

PREDICTION D1: Directional Dependence of Local H0 Measurement 

SCT CLAIM: Local H0 measurements using supernovae and Cepheids 

should show systematic directional dependence: H0 values should vary by 

±2-4 km/s/Mpc depending on cosmic direction, reflecting anisotropic 

expansion from nested frame hierarchy.

TIED TO PREMISES: 10, 13, 54, 1-43

OBSERVATIONAL TEST: 1. SH0ES and similar H0 measurements: bin 

results  by  Galactic/ecliptic  longitude  2.  Test  for  dipole  or  higher-order 

anisotropy in H0 values 3. Cross-correlate with CMB dipole direction and 

bulk flow

Expected Signal: - H0 variation ΔH0 ~ 2-4 km/s/Mpc as a function of 

direction - Dipole aligned with CMB dipole and predicted parent frame 

direction

FALSIFICATION: If H0 measurements binned by direction show NO 

systematic anisotropy (isotropic scatter only), the scale-dependent 

expansion prediction is falsified.

Critical Threshold: - H0 anisotropy < 1 km/s/Mpc OR - Anisotropy 

significance < 2-sigma

PREDICTION D2: Distance Ladder Rungs Correlate with Large-Scale 

Structure 

SCT CLAIM: Different rungs of the cosmic distance ladder (parallax, 

Cepheids, TRGB, Tully-Fisher, SN Ia, GW standard sirens) should show 

systematic offsets that correlate with large-scale structure and predicted 

collision geometry rather than random scatter.



TIED TO PREMISES: 42-44, 52-53

OBSERVATIONAL TEST:  1.  Measure  distance  residuals  for  nearby 

galaxies  using multiple  methods  2.  Map large-scale  structure  (filaments, 

voids,  matter  density  field)  3.  Test  correlation:  distance  ladder 

discrepancies vs. local environment

Expected Signal: - Distance residuals show coherent spatial pattern (not 

random scatter) - Residuals correlate with predicted collision-geometry-

determined density - Correlation significance > 3-sigma

FALSIFICATION: If distance ladder residuals are randomly distributed 

(Gaussian scatter without spatial correlation) or if correlation with structure 

is <1-sigma, the collision-geometry-based distance bias is falsified.

Critical Threshold: - Correlation coefficient |r_scatter-structure| < 0.2

PREDICTION D3: Redshift Drift Anisotropy and Non-Monotonic Evolution 

SCT CLAIM: The redshift drift (change in redshift of distant objects over 

time) should show directional anisotropy aligned with the predicted parent 

frame velocity direction and should exhibit non-monotonic evolution with 

redshift reflecting collision-sequence dissipation phases.

TIED TO PREMISES: 14-20, 56, 58-59

OBSERVATIONAL  TEST:  1.  ESPRESSO-like  ultra-precise 

spectroscopy over 10-15 year baseline 2. Measure redshift drift in multiple 

directions 3. Test for anisotropy and non-monotonic redshift evolution

Expected Signal: - Redshift drift anisotropy: drift_max / drift_min ~ 1.1-1.3 - 

Non-smooth evolution: drift rate shows inflection points or phase transitions



FALSIFICATION: If redshift drift measurements show isotropic evolution 

(no directional dependence) and smooth monotonic increase, the 

anisotropic nested-frame expansion is falsified.

Critical Threshold: - Measured anisotropy < 5% (background < 3%) OR - 

Non-monotonicity significance < 2-sigma

SECTION E: CLUSTER & LENSING PREDICTIONS 

PREDICTION E1: Galaxy Cluster Mass Discrepancy Pattern 

SCT CLAIM: Mass estimates for galaxy clusters should show systematic 

discrepancies between methods (dynamics, lensing, SZ) that correlate with 

the cluster’s merger state and position in the predicted collision-geometry-

determined large-scale structure.

TIED TO PREMISES: 42-44, 212-214

OBSERVATIONAL  TEST:  1.  Measure  cluster  masses  using  three 

independent  methods  (dynamics,  weak  lensing,  SZ  effect)  for  sample  of 

~100  clusters  2.  Compute  fractional  discrepancies:  f_ij  =  (M_i  -  M_j)  / 

M_avg  3.  Correlate  discrepancies  with  cluster  merger  state  and  local 

overdensity

Expected Signal: - Mass discrepancies systematic (not random): bias up to 

20-30% - Discrepancies correlate with predicted collision-geometry 

overdensity - Pattern repeatable across multiple surveys

FALSIFICATION: If cluster mass discrepancies are random (Gaussian 

distribution) or show NO correlation with local structure, the collision-

geometry mass-bias prediction is falsified.

Critical Threshold: - Mean absolute discrepancy |f_ij| consistent with 

random errors - Correlation coefficient |r_discrepancy-structure| < 0.15



PREDICTION E2: Strong Lensing Arc Statistics and Geometry 

SCT CLAIM: Strong lensing arcs in massive clusters should be more 

abundant and show larger magnifications than Lambda-CDM predicts. Arc 

locations  should  correlate  with  predicted  collision-geometry-determined 

constructive interference regions.

TIED TO PREMISES: 42-44, 221, 228

OBSERVATIONAL TEST: 1. Measure strong lensing arc abundance in 

galaxy cluster surveys (HST, JWST) 2. Fit lensing mass models and measure 

magnification  factors  3.  Correlate  arc  abundance  with  predicted  matter 

overdensity from collision geometry

Expected Signal: - Arc abundance 1.5-3x higher than Lambda-CDM 

predictions - Arc magnifications systematically higher in high-overlap 

regions - Arc orientations show spatial coherence (not random)

FALSIFICATION: If strong lensing arc abundance matches Lambda-CDM 

predictions (within 2-sigma) and shows no spatial coherence, the 

constructive-interference lensing enhancement is falsified.

Critical Threshold: - Observed arc abundance / predicted < 1.2 OR - Arc 

orientation coherence length < 1 cluster radius

PREDICTION E3: Weak Lensing Peak Statistics and Spatial Distribution 

SCT CLAIM: Weak gravitational lensing maps from large surveys (Euclid, 

LSST, Vera Rubin) should show rare high-amplitude convergence peaks 

appearing more frequently than Lambda-CDM predictions, with peaks 

preferentially located in predicted high-interference regions.

TIED TO PREMISES: 42-44, 226



OBSERVATIONAL  TEST:  1.  Construct  weak  lensing  convergence 

maps from photometric surveys 2. Measure peak abundance as function of 

amplitude  3.  Compare  to  Lambda-CDM  predictions  from  simulations  4. 

Cross-correlate peak locations with galaxy distribution

Expected Signal: - High-amplitude peak (κ > 3σ) abundance excess: 2-5x 

Lambda-CDM prediction - Peak locations correlate with galaxy 

overdensities at r < 5 Mpc

FALSIFICATION: If weak lensing peak abundance matches Lambda-CDM 

(within 1.5-sigma) and shows random spatial distribution, the collision-

generated constructive interference is falsified.

Critical Threshold: - Peak abundance excess < 20% OR - Spatial correlation 

significance < 1.5σ

SECTION F: LOCAL GROUP & SATELLITE PREDICTIONS 

PREDICTION F1: Satellite Plane Alignment with Collision Axis 

SCT CLAIM: The plane of  Milky Way satellites should be precisely 

aligned with the predicted collision-axis direction (which should match the 

CMB  axis  of  evil  direction).  Similar  alignment  should  appear  in  M31 

satellites at a different angle reflecting different collision geometry.

TIED TO PREMISES: 12, 29-31, 130-131

OBSERVATIONAL  TEST:  1.  Construct  MW  satellite  orbital  planes 

from Gaia astrometry 2. Measure plane normal direction relative to CMB 

axis of evil 3. Test for significant alignment (angle < 15°) 4. Compare M31 

satellite plane orientation



Expected Signal: - MW satellite plane normal angle relative to axis of evil: < 

15° - Significance of alignment: > 4-sigma - M31 plane misalignment with 

MW plane: consistent with different collision geometry

FALSIFICATION: If satellite planes are randomly oriented relative to the 

collision axis (angle uniform on sphere), the collision-geometry imprinting is 

falsified.

Critical Threshold: - Satellite plane alignment angle > 35° OR - Alignment 

significance < 2-sigma

PREDICTION F2: Satellite Velocity Coherence and Kinematic Streams 

SCT CLAIM: MW satellites should show kinematic coherence beyond 

what random orbits would produce. Satellites in the disk of satellites should 

show  similar  velocities  and  shared  orbital  energy  (forming  kinematic 

streams).

TIED TO PREMISES: 12, 139

OBSERVATIONAL TEST: 1.  Gaia proper motions + radial  velocities 

for  all  MW  satellites  2.  Construct  phase-space  coordinates  (position  + 

velocity) 3. Perform clustering analysis on phase-space: look for coherent 

streams 4. Measure velocity correlation within satellite disk

Expected Signal: - Satellites in disk show >50% phase-space coherence (few 

discrete streams) - Velocity dispersion along disk < perpendicular 

dispersion - Multiple satellites with similar orbital energy (within ±10%)

FALSIFICATION: If satellite phase-space appears isotropic (no coherent 

streams, random velocity distribution), the collision-sequence imprinting is 

falsified.



Critical Threshold: - Phase-space coherence metric < 0.2 OR - Velocity 

anisotropy ratio σ_parallel/σ_perp < 1.3

PREDICTION F3: Missing Satellites Problem Resolution via Collision 

Geometry 

SCT CLAIM: The missing satellites problem resolves naturally in SCT: 

the  observed  ~50-60  MW  satellites  reflect  the  collision-geometry-

determined satellite production (not dark matter substructure abundance). 

This number should be invariant to cosmological parameters once collision 

geometry is fixed.

TIED TO PREMISES: 29-31, 34, 128

OBSERVATIONAL  TEST:  1.  Complete  satellite  census  from  SDSS, 

Gaia, LSST, future surveys 2. Identify faint ultrafaint dwarfs down to M_* ~ 

10^4 M_sun 3. Count total satellite abundance 4. Test invariance of total 

count with survey depth improvements

Expected Signal: - Total MW satellite count stabilizes at 50-80 satellites as 

surveys deepen - Additional satellites discovered are kinematically 

associated with known streams - Satellite abundance NOT explained by 

λCDM substructure abundance function

FALSIFICATION: If deep surveys (e.g., future LSST) discover >200 MW 

satellites, the collision- geometry satellite-count prediction is falsified.

Critical Threshold: - Total satellite count > 150 (combined MW + M31 + 

periphery)

SECTION G: FUNDAMENTAL PHYSICS & BBN PREDICTIONS 

PREDICTION G1: Lithium-7 Abundance Spatial Variations 



SCT CLAIM: Lithium-7 abundance in old metal-poor stars should show 

spatial variations (larger at different Galactic heights/locations) reflecting 

the  collision-  sequence  nucleosynthesis  structure.  Lithium  abundance 

should correlate with local collision-sequence signatures.

TIED TO PREMISES: 35-36, 39, 169

OBSERVATIONAL TEST: 1. Measure Li-7 abundance in large samples 

of halo stars (>1000) 2. Determine 3D Galactic positions and kinematics 3. 

Map  Li-7  vs. position  and  test  for  spatial  correlations  4.  Compare  to 

predictions of collision-phase structure

Expected Signal: - Li-7 shows systematic spatial gradient (not random 

scatter) - Regions with predicted earlier collision activity show different Li-7 

abundance - Correlation length >1 kpc

FALSIFICATION: If Li-7 abundances are randomly distributed in space (no 

spatial correlation) or if the “Spite plateau” shows NO spatial variation 

beyond measurement error, the collision-phase nucleosynthesis is falsified.

Critical Threshold: - Spatial autocorrelation function ACF(r > 1 kpc) < 0.1 

OR - Standard deviation of spatial residuals < measurement noise

PREDICTION G2: Primordial Helium-4 Abundance Spatial Variations 

SCT CLAIM: Primordial He-4 mass fraction Y_p should show spatial 

variations  reflecting  collision-sequence  nucleosynthesis.  Different  regions 

with different collision regimes should have different Y_p values by ±0.01-

0.02.

TIED TO PREMISES: 35-36, 39, 176

OBSERVATIONAL TEST: 1. Measure Y_p from H II regions in nearby 

galaxies  (>100  regions)  2.  Determine  locations  and  associations  with 



predicted collision geometry 3. Test for spatial correlation in Y_p residuals 

4. Compare scatter to Lambda-CDM expectations

Expected Signal: - Y_p scatter σ(Y_p) ~ 0.005-0.010 showing spatial 

structure - Regions in predicted high-collision zones show systematically 

higher Y_p - Correlation with local matter density or filament membership

FALSIFICATION: If Y_p measurements show only random Gaussian scatter 

(no spatial correlation) and are consistent with uniform primordial 

abundance, the collision-phase nucleosynthesis is falsified.

Critical Threshold: - Spatial correlation of Y_p residuals < 0.1 OR - 

Measured scatter consistent with Poisson noise

PREDICTION G3: Baryon Asymmetry Recovery from SCT Framework 

SCT CLAIM: The matter-antimatter asymmetry (baryon asymmetry 

parameter η_B) should be derivable quantitatively from SCT collision 

dynamics and should match the observed value η_B ~ 6 × 10^-10 without 

model input.

TIED TO PREMISES: 37-39, 173, 186

OBSERVATIONAL TEST: 1. Theoretical: Simulate collision dynamics 

at extreme energies (multiples of c) 2. Calculate particle production rates 

and  CP  violation  effects  3.  Derive  resulting  η_B  from  non-equilibrium 

dynamics 4. Compare to measured value from BBN and CMB

Expected Signal: - Calculated η_B from SCT collision framework ~ 5-8 × 

10^-10 (within 20% of observed) - No additional model inputs or “beyond 

Standard Model” particles required



FALSIFICATION: If SCT-derived η_B differs from observed value by >factor 

of 3, or if the calculation requires ad-hoc inputs similar to other 

baryogenesis models, the SCT baryogenesis mechanism is falsified.

Critical Threshold: - Calculated η_B / observed η_B outside range 0.3 - 3.0

SECTION H: DIRECTIONAL ANISOTROPY & ISOTROPY TESTS 

PREDICTION H1: Directional Isotropy Violation at Multiple Scales 

SCT CLAIM: The universe should show statistically significant anisotropy at 

scales of hundreds of megaparsecs, with isotropy violations at 2-4 sigma 

significance across multiple independent observations (CMB, large-scale 

structure, gravitational lensing).

TIED TO PREMISES: 29-31, 54, 222

OBSERVATIONAL TEST: 1. Measure dipole and quadrupole moments 

in galaxy distributions 2. Measure same in weak lensing power spectra 3. 

Measure  in  CMB (already  done:  axis  of  evil)  4.  Meta-analysis:  combine 

significance across all measures

Expected Signal: - CMB dipole+quadrupole: ~3-sigma anisotropy - Galaxy 

distribution dipole: ~2-sigma directional offset from CMB dipole - Lensing 

anisotropy: ~2-sigma in convergence power - Combined significance >4-

sigma

FALSIFICATION: If independent anisotropy measurements all yield p > 

0.05 (consistent with isotropy), the large-scale anisotropy prediction is 

falsified.

Critical Threshold: - Meta-analysis p-value > 0.01 (not reaching 2-sigma 

combined)

PREDICTION H2: Bulk Flow Direction and Magnitude Secular Evolution 



SCT CLAIM: The local bulk flow (coherent motion of matter within 

~200-300 Mpc) should show secular evolution (time-dependent change) if 

our  comoving  frame  is  accelerating  relative  to  the  parent  frame. 

Acceleration should be detectable over ~10 year timescales via refined H0 

and redshift measurements.

TIED TO PREMISES: 14-15, 54

OBSERVATIONAL TEST: 1. Measure bulk flow from current surveys 

(SDSS, DESI, z~0 Cepheids, SN Ia) 2. Re-measure identical methods in 10-

15 years with improved surveys/accuracy 3. Test for significant change in 

bulk flow magnitude or direction 4. Calculate predicted acceleration from 

nested frame hierarchy dynamics

Expected Signal: - Bulk flow magnitude change: ΔV_bf ~ 5-15 km/s per 

decade - Direction change: rotation rate ~0.5-2° per decade - Change 

direction consistent with predicted parent frame direction

FALSIFICATION: If bulk flow measurements are unchanged within 

measurement error over 10-15 years, the secular acceleration from frame 

hierarchy is falsified.

Critical Threshold: - Measured change in bulk flow magnitude < ±3 km/s 

OR - Change significance < 1-sigma

SECTION I: FALSIFIABILITY SUMMARY TABLE 

The following table summarizes all predictions and their falsification 

criteria:

┌┬┬┐ │ PREDICTION │ FALSIFICATION CRITERION │ CRITICAL 

THRESHOLD │ ├┼┼┤ │ A1: CMB Axis Alignment │ No correlation with 

structure │ |r| < 0.1, p > 0.05 │ │ A2: Cold Spot Alignment │ Direction >45° 

separation │ Separation > 45° │ │ A3: Low-  Deficit Scale │ No sharp ℓ



transition │ Deficit < 0.5σ │ │ B1: Supervoid-Cold Spot Corr │ No voids on 

sight line │ p(N_void|rand) > 0.2 │ │ B2: Filament Vorticity │ No alignment 

> 50 Mpc │ ξ_vort < 30 Mpc │ │ B3: Galaxy Spin Alignment │ Random 

orientation │ A_align < 2σ │ │ B4: Void Edge Sharpness │ Edges as wide as 

ΛCDM │ Edge width > 0.14 │ │ C1: z>10 Galaxy Mass Excess │ Matches 

ΛCDM predictions │ 0.5 < Φ/Φ_ΛCDM < 2 │ │ C2: SMBH-Overdensity Corr 

│ No mass-environment correlation │ |r| < 0.15 │ │ C3: Metallicity at z>14 │ 

Metal-free galaxies │ Z_med < 0.002 Z_sun │ │ C4: SFRD Multi-Phase │ 

Smooth monotonic evolution │ Wavelet power < 1.5σ │ │ D1: H0 Anisotropy 

│ Isotropic H0 measurements │ ΔH0 < 1 km/s/Mpc │ │ D2: Distance Ladder 

Corr │ Random scatter only │ |r_scatter| < 0.2 │ │ D3: Redshift Drift 

Anisotropy │ Isotropic drift evolution │ Anisotropy < 5% │ │ E1: Cluster 

Mass Discrepancy │ Random errors, no correlation │ |r_disc-struct| < 0.15│ 

│ E2: Strong Lensing Arcs │ Arc abundance matches ΛCDM │ N_obs/N_pred 

< 1.2 │ │ E3: Weak Lensing Peaks │ Peak abundance matches ΛCDM │ 

Excess < 20% │ │ F1: Satellite Plane Alignment │ Random satellite 

orientation │ Angle > 35° │ │ F2: Satellite Velocity Coherence │ Isotropic 

velocity distribution │ Coherence < 0.2 │ │ F3: Missing Satellites Count │ 

>150 total satellites detected │ N_sat > 150 │ │ G1: Li-7 Spatial Variation │ 

Random spatial distribution │ ACF(>1kpc) < 0.1 │ │ G2: He-4 Spatial 

Variation │ Uniform Y_p (random scatter) │ Correlation < 0.1 │ │ G3: 

Baryon Asymmetry Recovery │ Calculated η_B outside 3x range │ η_B / 

η_B,obs ∉ [0.3-3]│ │ H1: Isotropy Violation Multi-scale │ All anisotropies p > 

0.05 │ Meta p-value > 0.01 │ │ H2: Bulk Flow Secular Evolution │ No 

change over 10-15 years │ Change < ±3 km/s │ └┴┴┘

SECTION J: ADDITIONAL HIGH-CONFIDENCE FALSIFIABLE 

PREDICTIONS 



PREDICTION J1: Radio Source Axis Alignments at >3-Sigma Significance 

SCT CLAIM: Radio-loud active galactic nuclei (jets and radio lobes) 

should show preferential alignment with the predicted collision-geometry-

determined  directions.  The  probability  of  observing  this  alignment  by 

chance should be <1%.

TIED TO PREMISES: 29-31, 37, 162

OBSERVATIONAL  TEST:  1.  Compile  radio  source  catalogs  (NVSS, 

LOFAR,  SKA  precursors)  with  >10^4  sources  2.  Measure  radio  axis 

orientations  (jet/lobe  alignment  directions)  3.  Construct  directional 

distribution  on  celestial  sphere  4.  Test  for  significant  departure  from 

isotropy using spherical harmonic analysis

Expected Signal: - Radio source alignment shows >3-sigma directional 

preference - Alignment axis coincides with CMB axis of evil direction (within 

±20°) - Alignment significance increases with source redshift z > 0.5

FALSIFICATION: If radio source axes are isotropically distributed (spherical 

harmonic coefficients consistent with Gaussian noise) with <2-sigma 

anisotropy, the collision-geometry-imprinted angular momentum is falsified.

Critical Threshold: - Alignment significance < 2-sigma OR - Isotropic 

distribution p-value > 0.05

PREDICTION J2: Magnetic Field Structure Large-Scale Coherence 

SCT CLAIM: The diffuse magnetic field in the intergalactic medium 

should  show large-scale  coherent  structure  reflecting  collision-sequence-

produced fields. Magnetic field directions should correlate over scales >100 

Mpc.

TIED TO PREMISES: 23-25, 37-39, 223



OBSERVATIONAL TEST: 1. Measure magnetic field orientation using 

Faraday rotation measures (RMs) of background sources (distant pulsars, 

quasars,  galaxies)  2.  Construct  3D magnetic  field  map from RM data 3. 

Calculate magnetic field correlation length and coherence 4. Compare to 

predictions of collision-sequence-generated fields

Expected Signal: - Magnetic field correlation length ξ_B > 50 Mpc - 

Preferred large-scale direction aligned with collision axis - Coherence 

maintained across predicted collision stream boundaries

FALSIFICATION: If magnetic fields show correlation length <10 Mpc 

(consistent with turbulent dynamo only) and no large-scale coherent 

direction, the collision-sequence magnetogenesis is falsified.

Critical Threshold: - Correlation length ξ_B < 15 Mpc OR - Directional 

coherence < 2-sigma

PREDICTION J3: Gravitational Wave Background Spectral Features 

SCT CLAIM: The stochastic gravitational wave background (from merging 

black holes and neutron stars) should show spectral features (peaks or 

breaks in the power spectrum) reflecting the collision-sequence-determined 

compact object population at different epochs.

TIED TO PREMISES: 47-48, 154-155

OBSERVATIONAL TEST: 1. Measure gravitational wave background 

spectrum  using  PTAs  (NANOGrav,  EPTA,  IPTA)  2.  High-precision 

measurement  of  background power  spectrum amplitude A(f)  3.  Look for 

non-smooth  features:  peaks,  breaks,  or  phase  transitions  4.  Test 

significance of spectral features via wavelet analysis



Expected Signal: - Background spectrum shows >2-sigma features at 

predicted frequencies - Multiple peaks corresponding to different compact 

object populations - Feature frequencies predict collision-sequence epochs

FALSIFICATION: If gravitational wave background shows smooth power-

law spectrum (consistent with single smooth source population), the 

collision-sequence compact object population is falsified.

Critical Threshold: - Spectral feature significance < 1.5-sigma across full 

spectrum - Fit residuals consistent with white noise

PREDICTION J4: Cosmic Ray Arrival Direction Anisotropy 

SCT CLAIM: Ultra-high-energy cosmic rays  (UHECRs)  should show 

preferred  arrival  directions  correlated  with  the  collision-geometry-

determined UHECR source distribution.  Anisotropy should appear at >2-

sigma significance with sufficient statistics.

TIED TO PREMISES: 29-31, 37-40, 165

OBSERVATIONAL TEST: 1. Compile UHECR arrival directions from 

multiple  observatories  (Auger,  TA,  etc.)  2.  Measure  dipole  and  higher 

multipole moments of arrival direction distribution 3. Cross-correlate with 

predicted source  distribution  from collisions  4.  Test  for  correlation  with 

nearby AGN and other accelerators

Expected Signal: - UHECR dipole anisotropy >2-sigma at highest energies 

(E > 10^20 eV) - Excess events from predicted source directions - 

Anisotropy direction within ±30° of collision axis

FALSIFICATION: If UHECR arrival directions are isotropic (dipole <1-

sigma, multipoles consistent with noise), the collision-determined UHECR 

source prediction is falsified.



Critical Threshold: - Dipole anisotropy < 1.2-sigma OR - Source correlation 

significance < 1-sigma

PREDICTION J5: Dust Polarization Alignment with Magnetic Field 

SCT CLAIM: Dust  polarization in star-forming regions should show 

alignment  with  large-  scale  magnetic  field  structure  reflecting  collision-

sequence-determined  fields.  Polarization  orientations  should  show 

coherence over large scales.

TIED TO PREMISES: 37-40, 208, 223

OBSERVATIONAL TEST: 1. Measure dust polarization in far-infrared 

(Planck, SOFIA, future missions) 2. Cross-correlate polarization directions 

with derived magnetic field maps 3. Test for spatial coherence and large-

scale  organization  4.  Compare  correlation  to  random  magnetic  field 

prediction

Expected Signal: - Dust polarization shows >70% alignment with derived B-

field direction - Polarization coherence maintained over >50 Mpc scales - 

Coherent large-scale patterns (not turbulent)

FALSIFICATION: If dust polarization is randomly oriented relative to B-field 

or shows turbulent structure only, the collision-sequence field coherence is 

falsified.

Critical Threshold: - B-field alignment < 50% OR - Coherence length < 10 

Mpc

PREDICTION J6: X-ray Cluster Temperature Function Shape 

SCT CLAIM: The galaxy cluster temperature function (abundance 

vs. temperature) should show bimodality or at least asymmetry reflecting 



collision-sequence-determined cluster formation in different regimes (head-

on vs. grazing collisions produce different thermal properties).

TIED TO PREMISES: 29-31, 47-48, 216

OBSERVATIONAL TEST: 1. Measure X-ray temperatures for ~100+ 

clusters  from Chandra,  XMM-Newton  archives  2.  Construct  temperature 

function N(T) 3. Test for bimodality using dip test and mixture model fitting 

4. Compare cool-core vs. non-cool-core cluster temperature distributions

Expected Signal: - Temperature function shows bimodality or significant 

asymmetry - Cool-core clusters cluster at T < 4-5 keV - Non-cool-core 

clusters cluster at T > 6-7 keV - Bimodality significance >2-sigma

FALSIFICATION: If cluster temperature function is unimodal and symmetric 

(consistent with single smooth distribution), the collision-regime-

determined cluster heating dichotomy is falsified.

Critical Threshold: - Bimodality p-value (dip test) > 0.10 OR - Temperature 

distribution skewness |γ| < 0.5

SECTION K: PREDICTIONS WITH CLEAR FALSIFICATION PATHS 

PREDICTION K1: Inflation Primordial Gravitational Waves Absence 

SCT CLAIM: Primordial gravitational waves from inflation should NOT 

be  detected.  All  observed  gravitational  wave  background  and  B-mode 

polarization  signal  should  originate  from  post-recombination  sources  or 

lensing-induced effects, not from inflation.

TIED TO PREMISES: 21, 36, 184

OBSERVATIONAL TEST: 1. CMB B-mode polarization measurements 

(Planck, future missions) 2. Measure tensor-to-scalar ratio r 3. Gravitational 



wave  background  measurements  (PTAs,  LIGO/Virgo,  LISA)  4.  Test 

consistency with inflation (r > 0.01-0.1) vs. SCT (r ~ 0)

Expected Signal: - Tensor-to-scalar ratio r < 0.005 (consistent with lensing 

only) - No primordial B-mode signal beyond lensing prediction - 

Gravitational wave background spectrum inconsistent with inflation 

predictions

FALSIFICATION: If measurements definitively detect r > 0.01 with high 

significance (>5-sigma), the absence of inflation-generated primordial 

gravitational waves is falsified, supporting single-field inflation.

Critical Threshold: - Measured r > 0.015 with σ(r) < 0.005

PREDICTION K2: Big Bang Nucleosynthesis Multi-Phase Structure 

SCT CLAIM: Abundance measurements of light elements (He-4, He-3, D, 

Li-7) should show spatial variations and correlations reflecting the multi-

epoch collision- sequence nucleosynthesis, not a single smooth thermal 

process.

TIED TO PREMISES: 35-39, 169-189

OBSERVATIONAL  TEST:  1.  Compile  primordial  abundance 

measurements from quasar absorption systems and halo stars 2. Correlate 

abundances  with  redshift  and location 3.  Test  for  multi-phase structure: 

abundance plateaus at different epochs 4. Look for inter-element abundance 

correlations

Expected Signal: - Light element abundances show systematic redshift 

dependence - Multiple abundance plateaus at z ~ 10, 6, 3 (collision 

sequence epochs) - Correlation structure between different elements (not 

independent)



FALSIFICATION: If all light element abundances are consistent with single 

universal primordial value (with only random scatter), the multi-phase 

collision-sequence nucleosynthesis is falsified.

Critical Threshold: - Redshift evolution amplitude < 1-sigma OR - Plateau 

structure significance < 1.5-sigma

PREDICTION K3: Horizon Problem Solution Without Inflation 

SCT CLAIM: The observed homogeneity and isotropy of the universe 

(horizon  problem)  should  be  explainable  without  inflation  through:  (a) 

infinite space principle (Premise 6),  and (b) superluminal  collision-driven 

near-instantaneous  heating  of  large  regions  (Premises  21-23).  No 

inflationary period required.

TIED TO PREMISES: 6, 21-26, 33

OBSERVATIONAL  TEST:  1.  CMB  isotropy  measurements:  quantify 

homogeneity at degree scales 2. Large-scale structure homogeneity: test at 

scales >300 Mpc 3. Compare to prediction: homogeneity scale ~ collision-

patch size 4. Test for residual anisotropy beyond inflation predictions

Expected Signal: - Universe is isotropic to degree scale (existing 

measurements) - Large-scale homogeneity scale matches collision-patch 

size (~1000 Mpc) - Residual anisotropies consistent with collision-geometry 

imprints (not inflation)

FALSIFICATION: If the universe shows significant inhomogeneity requiring 

inflation to explain, or if homogeneity scale is much smaller than predicted 

collision-patch size, the non-inflationary solution is falsified.

Critical Threshold: - Observed homogeneity scale < 200 Mpc OR - Isotropy 

violations > 5-sigma at degree scales



SECTION L: META-PREDICTION, PATTERN OF CONFIRMATIONS 

SCT CLAIM: If SCT is correct, a specific pattern of confirmations should 

emerge across observations:

1. Directional anisotropies should correlate with each other (CMB axis, 

galaxy spins, satellite planes, radio sources, etc. all point to same direction)

2. Large-scale structure features should match collision-geometry 

predictions (void edge locations, filament orientations, supervoid sizes)

3. Early universe observations should show rapid assembly and multi-phase 

structure (z>10 galaxies, SMBHs, metallicity, star formation)

4. All distance measurements should show systematic pattern of biases 

reflecting frame hierarchy

5. Compact object populations and gravitational wave signals should reflect 

collision-sequence energetics

OBSERVATIONAL  TEST:  1.  Perform  meta-analysis  across  all  23 

falsifiable predictions 2. Calculate probability that random universe would 

show this many correlated signals 3. Fisher meta-analysis: combine p-values 

from independent tests 4. Lambda-CDM vs. alternatives

Expected Signal: - If ≥15 of 23 predictions confirmed at >2-sigma, odds 

favor SCT over Lambda-CDM - If ≥20 of 23 confirmed, odds strongly favor 

SCT (>1000:1) - Correlation pattern between predictions matches SCT 

hierarchy structure

FALSIFICATION: If ≤8 of 23 predictions are confirmed at >2-sigma 

significance, or if confirmed predictions show no correlational structure, 

Lambda-CDM or alternative models are preferred.



Critical Threshold: - Combined Fisher p-value > 0.05 (favors null 

hypothesis) - Confirmed predictions show no spatial/temporal correlation

SECTION M: HIGHEST-CONFIDENCE PREDICTIONS FOR 

IMMEDIATE TESTING 

Based on existing data and near-term observational capabilities, the 

following predictions can be tested immediately with existing or near-future 

surveys:

RANK 1 (IMMEDIATE, EXISTING DATA): 

→ A1: CMB Axis Alignment with Galaxy Spins Status: DESI + Planck data 

available NOW Timeline: 6-12 months for analysis Falsifiability: Clear 

(correlation coefficient test)

→ F1: Satellite Plane Alignment with Collision Axis Status: Gaia DR3 data 

available NOW Timeline: 3-6 months for refined analysis Falsifiability: 

Extremely clear (geometric measurement)

→ J4: UHECR Anisotropy Status: Auger + TA combined data available NOW 

Timeline: 3-6 months with sufficient statistics Falsifiability: Clear (dipole 

moment test)

RANK 2 (NEAR-TERM, 1-2 YEARS): 

→ C1: JWST High-z Galaxy Mass Function Status: Data accumulating from 

JWST (2023-2026) Timeline: 18-24 months for sufficient z>10 sample 

Falsifiability: Clear (mass function comparison)

→ E3: Weak Lensing Peak Statistics (DESI/Euclid) Status: DESI data 

accumulating; Euclid launching 2024 Timeline: 18-30 months Falsifiability: 

Clear (peak abundance count)



→ D1: Redshift Drift Anisotropy Status: ESPRESSO observations beginning 

Timeline: 12-24 months Falsifiability: Clear (anisotropy test)

RANK 3 (MEDIUM-TERM, 3-5 YEARS): 

→ B1: Supervoid-Cold Spot Correlation Status: LSST + Vera Rubin surveys 

ongoing Timeline: 3-5 years for deep void maps Falsifiability: Clear (void 

abundance test)

→ G1: Li-7 Spatial Variations Status: Large stellar surveys ongoing (Gaia, 

spectroscopy projects) Timeline: 3-5 years for sufficient 3D sample 

Falsifiability: Clear (spatial correlation test)

→ H1: Multi-Scale Isotropy Violations Status: Can combine existing CMB + 

structure data Timeline: 1-2 years for meta-analysis Falsifiability: Very clear 

(combined p-value test)

SECTION N: PREDICTIONS REQUIRING NEW PHYSICS / 

SIMULATIONS 

Some predictions require development of new computational methods or 

theoretical frameworks:

1. G3 (Baryon Asymmetry Recovery):

• Requires: Lattice QCD simulations at extreme energies

• Current limitation: No existing code for superluminal collision kinematics

• Path: Develop collision-energy code + validate against known physics

• Timeline: 3-5 years for initial results

2. J2 (Magnetic Field Large-Scale Coherence):

• Requires: Improved RM synthesis methods + larger RM databases

• Current limitation: Sparse RM sampling; noisy measurements



• Path: Deploy new RM acquisition programs; develop better synthesis 

techniques

• Timeline: 3-5 years for conclusive tests

3. K3 (Horizon Problem Without Inflation):

• Requires: Numerical relativity simulations of superluminal collisions

• Current limitation: Extreme physics regime; computationally challenging

• Path: Develop collision dynamics code; validate numerically

• Timeline: 5-10 years for detailed modeling

SECTION O: PREDICTION ROBUSTNESS AGAINST SYSTEMATIC 

ERRORS 

For each high-confidence prediction, we assess robustness against 

foreseeable systematic errors:

A1 (CMB Axis + Galaxy Spin Alignment): - Systematic error concern: Galaxy 

morphology determination (edge-on ambiguity) - Mitigation: Use galaxies 

with clear inclination (face-on + edge-on only) - Residual risk: LOW (clear 

geometric test)

F1 (Satellite Plane Alignment): - Systematic error concern: Satellite 

membership ambiguity (which objects are bound?) - Mitigation: Use only 

unambiguous satellites with radial velocities + stellar velocity dispersion - 

Residual risk: LOW (clear kinematic test)

C1 (JWST z>10 Galaxy Mass Function): - Systematic error concern: Mass 

estimation from SED fitting (degeneracies) - Mitigation: Use multiple SED 

codes; test on simulated galaxies - Residual risk: MEDIUM (mass 

uncertainties ~0.3 dex; can mask subtle effects)



D1 (Redshift Drift Anisotropy): - Systematic error concern: Spectrograph 

wavelength calibration drift over 10+ years - Mitigation: Use multiple 

independent spectrographs; deploy new calibration strategies - Residual 

risk: MEDIUM (extremely demanding measurement)

non-linear lensing. Under Lambda-CDM, large-scale B-modes are not 

expected.  Under  SCT,  large-scale  B-mode  signal  can  arise  from  parity-

violating  structure  in  the  matter  distribution  imprinted  by  the  collision 

sequence (Premises 29-31, 35). If  the collision geometry had a preferred 

handedness or direction, this breaks parity and produces B-mode patterns. 

This is a prediction: large-scale shear B-mode patterns should correlate with 

predicted collision-geometry  parity  violation and should show directional 

coherence across large sky areas.

 SECTION XI.0: THE M1-M11 PRIMARY CONCEPT GROUP 

FRAMEWORK 

The 231 ΛCDM tensions cataloged in Appendix A of this paper are 

heterogeneous in  scale,  instrument,  and physical  regime.  They run from 

nanohertz  pulsar-timing-array  signals  through  sub-arcminute  CMB 

anomalies, gigaparsec-scale large-scale-structure alignments, BBN element 

abundances,  neutron-star-merger  gravitational-wave  events,  JWST  high-

redshift galaxy mass functions, and cluster-rotation kinematics.

Despite  this  heterogeneity,  every  one of  the  231 tensions  resolves 

under SCT through one of  exactly  eleven keystone mechanisms.  We call 

these the Primary Concept Groups (PCGs), labeled M1 through M11. Each 

PCG identifies  the  single  load-bearing  premise  (or  the  smallest  possible 

combination  of  premises)  whose  removal  would  collapse  that  class  of 

resolutions.  A  tension’s  PCG  assignment  is  therefore  not  a  label  but  a 



diagnostic test: if the cited keystone premise is shown to be wrong at the 

relevant scale, all tensions in that PCG fall together.

The PCG framework is  the  central  parsimony argument  of  SCT.  It 

states that one assumption change, replacing the hot-dense-singular cosmic 

origin with a superluminal pocket collision, produces, through 69 explicit 

premises, exactly eleven distinct mechanism families, which together cover 

all 231 cataloged anomalies.

Table XI.0.1, The Eleven Primary Concept Groups

PCG Mechanism Keystone Premises Tensions (primary)

M1 Collision Replaces 
Hot-Dense-Center

P22, P25, P26, P27 35

M2 Plasma 
Equivalence Theorem

P29, P30, P36, 
P40, P42

19

M3 Angular 
Momentum 
Inheritance

P31, P32, P34 31

M4 Cosmic Web from 
Collision Geometry

P22, P33, P34 18

M5 Mesh Dissipation 
+ Dynamical Λ_eff

P14, P15, P16, 
P17, P18, P19

37

M6 Coherent Acoustic 
Superposition / CAR

P29, P30, P50 49

M7 Polyquark Cores P39, P66, P67 1

M8 Geometric 
Baryogenesis

P41 1

M9 Sibling Pockets P58, P59, P60 5

M10 Collision-Axis 
Imprints

P22, P41, P48, P64 11

M11 Pre-existing 
Matter Context

P25, P28 24

Total 231

(Exact primary-keystone counts from the curated 231-tension catalog 

of Appendix A (2026-06-12 revision); the distribution sums exactly to 231. 

Counts  assign  each  tension  its  primary  keystone  only:  PCGs  that  serve 



chiefly as deep-focus or supporting machinery (notably M7 and M8) anchor 

few tensions as primary but appear widely as secondary mechanisms.)

XI.0.1  How a  PCG is  identified  The M1-M11 assignment  follows  a 

strict diagnostic protocol: 1. State the observational tension. 2. State the 

simplest SCT mechanism that resolves it. 3. Identify the keystone premise, 

the single premise whose removal would collapse the resolution. 4. Verify 

the keystone is in P1-P40 (foundational)  where possible;  reach for P41+ 

secondary machinery only when the explanation genuinely requires it.  5. 

Name the PCG that owns this keystone. 6. State the falsification handle: an 

observation that would refute the keystone at this tension’s scale.

Step 4 enforces the parsimony rule: if a P1-P40 fundamental premise can 

carry the explanation, do not reach for P45+ secondary machinery.

XI.0.2 PCG Falsification Properties A PCG is falsified jointly if any of 

the following occurs: (a) a direct laboratory or astrophysical detection of a 

phenomenon incompatible with the keystone premise (e.g., a detected dark-

matter particle would falsify M5’s “no DM particle is required” corollary 

plus M6’s coherence-based S8 prediction); (b) an observation incompatible 

with multiple tensions in the PCG simultaneously; (c) a successful ΛCDM 

resolution of the keystone-supported tensions that does not require the SCT 

mechanism. Falsification is therefore structurally redundant: each tension is 

a falsification handle, and every PCG carries multiple.

XI.0.3 Cross-PCG Correlations Some tensions exhibit signatures from 

multiple PCGs simultaneously and are assigned a primary keystone plus a 

“secondary  modulation”.  Examples:  JWST  high-redshift  galaxy  mass 

functions (primary M1, secondary M3 + M11); Hubble tension (primary M5, 

secondary frame-tree from Paper 2 + KBC supervoid); CMB axis-of-evil + 

cold-spot + hemispherical-asymmetry triad (primary M10, secondary M2). 



The  single-keystone  classification  is  the  canonical  assignment;  it  is  the 

primary lens through which to read SCT’s parsimony.

 SECTION XIII: DERIVATION STATUS 

XIII.A, COMPLETED SINCE THIS PAPER WAS FIRST DRAFTED

The following derivations were marked “REQUIRES DERIVATION” or 

“MATHEMATICAL GAP” in earlier drafts of this paper and are addressed in 

subsequent  papers  of  the  From  Chaos  to  Consilience  series.  NOTE  on 

terminology: “completed” is used here for results presented in a companion 

paper; it does NOT by itself imply peer review or independent reproduction. 

Several  items  remain  provisional,  in-review,  or  in-house-only  (e.g.  the 

modified-CAMB r_d, Series 2 Paper 1 under review, and the superposition 

mechanism flagged underspecified in §B.2), and should be read with that 

status.

XIII.A.1 Coherent Gravitational Amplification Fixed Point, A* = 6.173 

= 1/f_b [DERIVED] using the virial/cluster baryon fraction f_b = 0.162 (a 

cascade value,  anchored to the Tinker 2008 halo mass function).  The e-

based re-expression A* = 1 + N_coh·e⁻¹ with N_coh ≡ e(1/f_b − 1) = 14.06 

is  an  algebraic  identity,  not  an  independent  derivation,  so  this  is  a 

derivation  rather  than  a  zero-free-parameter  result.  Consistent  with 

HIFLUGCS+CLASH  15-cluster  mean  A_corr  =  6.006  ±  0.918  at  2.7% 

deviation,  0.18  σ  (a  consistency  check).  Coma intracluster  filament  test 

confirms M_lensing/M_baryonic = 6.03 ± 2.39 (deviation 2.3%). Completed 

in Paper 12 (DOI 10.13140/RG.2.2.22608.98560).

XIII.A.2 CAR Sound Speed and BAO Drag Radius, c_s^2 = (1+R_b)/3 

= 0.4182 c^2. The adopted canonical drag radius is r_d = 146.8 +/- 5 Mpc: 

the  standard  photon-baryon  sound  horizon  required  by  the  Plasma-



Equivalence theorem and fixed by omega_b, omega_m (hence independent 

of the late-time H_0), consistent with DESI ~147 Mpc so the BAO ruler is 

reproduced.  The  CAR  enhanced  sound  speed  is  a  speculative  late-time-

sector ansatz (governing S8 and b_IA) and is NOT used for the drag radius; 

inserting  it  into  the  recombination  integral  drops  baryon  loading  and 

spuriously gives ~161-178 Mpc, so those figures and the earlier in-house 

149.1 Mpc are SUPERSEDED.

XIII.A.3 Baryon-to-Photon Ratio from First Principles, R_b = 0.2545 ± 

0.032  derived  from collision  cascade  SO(3)  channel  structure  plus  QCD 

boundary correction plus photon heating correction. No CMB or BBN input. 

Agreement with observed 0.260 ± 0.002 at 0.17 σ. Completed in Series 2 

Paper 1 (DOI 10.13140/RG.2.2.14355.03366).

XIII.A.4  Effective  Relativistic  Species,  N_eff = 2.514 ± 0.050 from 

same cascade-geometry chain. CMB-S4 design precision σ(N_eff) = 0.030 

gives 17.7 σ (forecast)  discriminant from Standard Model  3.046.  Status: 

PENDING (CMB-S4 2030+). Completed in Series 2 Paper 1.

XIII.A.5 Unified SCT Field Equation (SCT-MASTER), [0.08 fm ≤ r] : 

G_μν  +  Λ_eff(x,t)  g_μν  =  (8πG/c⁴)  [T_μν  +  T_μν^sup(A)]  with  self-

consistency constraint ∇^μ T_μν^sup = (∂^μ A) T_μν^bary enforced by the 

Bianchi  identity.  Completed  in  Paper  8  (DOI 

10.13140/RG.2.2.29562.35527).

XIII.A.6 Gravitational Wave Speed c_T = c (exactly) from the surviving 

Horndeski subclass with G_4X = 0 and G_5 = 0 by construction. Satisfies 

GW170817  trivially.  Completed  in  Paper  9  (DOI 

10.13140/RG.2.2.12280.81923).



XIII.A.7  Polyquark  Mass-Radius  Band,  R(M_max)  ∈  [7.8,  12.3]  km, 

C_max ∈ [0.244, 0.347] < Buchdahl 4/9, Λ_1.4 ∈ [43, 1292] across the QCD-

compatible EOS family. Consistent with NICER and GW170817. Completed 

in Paper 16 (DOI 10.5281/zenodo.18092309).

XIII.A.8  Hierarchical  Frame-Tree  Lorentz  Formalism,  Closed-form 

redshift  z  =  f(pocket_depth,  hereditary_time_path)  replacing  the  single-

boost  approximation.  Completed  in  Paper  2  (DOI 

10.13140/RG.2.2.21288.43521).

XIII.A.9  Plasma  Equivalence  Theorem  and  CMB  Power  Spectrum 

Compatibility,  C_ ^SCT  =  C_ ^ΛCDM  up  to  perturbative  corrections  ofℓ ℓ  

order 10⁻⁵. Completed in Paper 4 (DOI 10.13140/RG.2.2.20310.31042).

XIII.A.10 Collision-Seeded Structure Formation, Proto-structure mass 

function M_proto = α_th × f_b × μ × Ω(b, R₁, R₂) with normalization n₀ = 

3.2 × 10⁻⁵ Mpc⁻³ dex⁻¹ at z = 9 and slope α = 1.4 ± 0.3. Completed in 

Paper 3 (DOI 10.13140/RG.2.2.16235.60968).

XIII.A.11 Angular  Momentum Inheritance Across  Seven Scales,  J  ∝ 

M^(5/3) verified across seven decades of scale; partition function f_J,cluster 

= 0.200. Completed in Paper 5 (DOI 10.13140/RG.2.2.28263.10400).

XIII.A.12 Coherent Gravitational Superposition Mechanism, A(N, σ_v, 

R) = 1 + (N − 1) exp[−σ_v² R / (G M_tot)] with virialized-halo asymptote A* 

= 6.173 and substructure compactness scaling A_sub² ≈ 10-16. Completed 

in Paper 11 (DOI 10.13140/RG.2.2.19379.69921).

XIII.A.13  Recursive  Tensor-Mesh  Dissipation  and  Λ_eff(z),  Galactic-

scale  α_gal  ≈ (1.0-1.5)  H₀  and cosmological-scale  α_cosmo ≈ 0.9-1.0  H₀ 

from inside-out galaxy size evolution. Hubble-tension decomposition: KBC 



~2-3  +  temporal  Λ_eff  ~2-3  +  frame-tree  ~1-2  =  4-7  km  s⁻¹  Mpc⁻¹. 

Completed in Paper 14 (DOI 10.13140/RG.2.2.24304.72969).

XIII.A.14  Comoving  Coordinate  Logical  Progression,  Tensor-mesh 

strength λ_i = 3 σ²_v,i / (4πG R²_i), critical light-cone tipping Θ_crit, Gödel-

like  rotation  length  λ_rot,i.  Completed  in  Paper  7  (DOI 

10.13140/RG.2.2.35762.06089).

XIII.A.15 Falsifiability Compendium, the compiled predictions ledger 

with explicit kill  criteria (see Paper S1_18 for the authoritative total and 

status breakdown). P3 falsified at 10 σ and reformulated as P3a/P3b/P3c. 

Completed in Paper 18 (DOI 10.13140/RG.2.2.19381.33765).

XIII.A.16 Closing the Last Open Derivations, w₀ = −0.90 ± 0.03, w_a 

= −0.19 ± 0.07; A_eff(z) drops from 5.85 (z = 0) to 1.00 (z ≥ 100); f_virial(z 

= 0) = 0.17. Completed in Paper 10 (DOI 10.13140/RG.2.2.32413.47840).

XIII.A.17  Coalescent  Parsimony,  Carrier-sphere  interference 

foundation deriving gravity, electromagnetism, and cosmic structure from a 

single  coherence  field.  Status:  currently  undergoing  peer  review. 

Completed in Series 2 Paper 1.

XIII.B, STILL OPEN

XIII.B.1  Bullet  Cluster  Quantitative  Match,  Paper  12  preliminary 

estimate gives 390 kpc offset versus observed 720 kpc (Clowe et al. 2006). 

Full SCT merger simulation (512³ baryonic + coherence field plus 512³ gas 

with the A(N, σ_v, R) coherence amplification) is required.

XIII.B.2  Cosmological  Lithium-7  Problem,  Standard  BBN  predicts 

Li-7/H ≈ 4.72 × 10⁻¹⁰; observed primordial Li-7 is factor-of-3 lower. SCT 

BBN is mathematically identical to ΛCDM BBN at H_SCT(T = 1 MeV) = 



H_ΛCDM(T = 1 MeV) to one part in 10³⁹. SCT therefore shares the factor-

of-3 Li-7 deficit equally with ΛCDM. NOT RESOLVED, shared open problem.

XIII.B.3 Galactic C(r) Parameter-Free Form, Paper 9 carrier-sphere Green’s 

function follow-up required to replace current 2-free-parameter NFW-

equivalent form with a parameter-free derivation from baryonic mass 

distribution alone.

XIII.B.4 CAR r_d Independent Verification, The series adopts r_d = 

146.8 ± 5 Mpc (CAMB) as PROVISIONAL pending independent third-party 

verification of the modified-CAMB/CAR pipeline; the simple analytic sound-

horizon integral (≈ 178 Mpc) is order-of-magnitude only and superseded. 

SCT does not yet make an independently verified r_d claim, so the BAO/r_d 

comparison is deferred to a verified Boltzmann/CAMB implementation.

XIII.B.5 SCT-Modified Boltzmann Hierarchy for N_eff Open Tension, 

Planck  2018  N_eff  =  2.99  ±  0.17  disagrees  with  SCT  2.514  at  2.8  σ. 

Comparison  is  model-inconsistent;  resolution  requires  running  the  SCT-

modified  Boltzmann  hierarchy  against  Planck  spectra.  CMB-S4  will  be 

decisive.

XIII.B.6 Horizon-Enclosed Polyquark Cores, Conjectural Buchdahl-violating 

regime requires identification of the correct mechanism among (i) 

anisotropic pressure, (ii) phase-transition shell matching at ε_PT  5 ε_nuc, ≳
or (iii) dynamical collapse endpoints.

XIII.B.7 Magnetic Field Generation in Superluminal Collisions, 

Magnetohydrodynamic simulation of magnetic field amplification during 

superluminal collision (P22 + P25 + P29) remains beyond current scope.

XIII.B.8 Numerical Simulation Suite for Collision Dynamics, Petaflop-scale 

simulation of multi-stage cascade thermalization, shock-front propagation, 



angular momentum transfer geometry, and CMB-power-spectrum prediction 

from collision parameters.

XIII.B.9 Collision-Stage Index N_stage Constraint, SCT does not claim a 

specific N_stage value; observational discrimination between N_stage = 4, 

5, 6 scenarios via residual non-Gaussian CMB signatures and BBN-yield 

perturbations is open.

XIII.B.10 Group-Velocity Causality Theorem, Rigorous formal proof that the 

SCT collision mechanism, when formalized in a specific modified EFE with 

nested comoving frames, never permits information (group velocity) to 

propagate faster than c.

 DISCUSSION 

OVERVIEW This section synthesizes SCT’s explanatory power across 

the 231 cosmological tensions analyzed in the Appendix A catalog, identifies 

the  theory’s  current  limitations,  and  catalogs  open  mathematical  and 

observational tasks required for full validation. The discussion is organized 

into:  (A)  Explanatory  Successes,  (B)  Theoretical  Limitations,  (C) 

Observational Limitations, (D) Mathematical Open Tasks, and (E) Path to 

Full Validation.

SECTION A: EXPLANATORY SUCCESSES OF SCT 

A.1 FOUNDATIONAL CRISES RESOLVED 

SCT addresses several foundational problems in Lambda-CDM that have 

resisted solution for decades:

COSMOLOGICAL CONSTANT PROBLEM (Tension 3): - Lambda-CDM: 

Requires fine-tuning Lambda to 120 orders of magnitude precision - SCT 

Solution: Lambda is not a constant but a ratio (Premise 17) between local 

gravitational  well  strength  and  cumulative  parent  frame  influence.  The 



value  we  measure  reflects  our  position  in  the  nested  hierarchy,  not  a 

fundamental constant requiring explanation. - Explanatory Power: Removes 

the need for fine-tuning entirely; Lambda becomes a derived quantity from 

orbital dynamics.

VACUUM  CATASTROPHE  (Tension  3,  vacuum-energy  aspect):  - 

Lambda-CDM:  10^120  mismatch  between  QFT  vacuum  energy  and 

observed dark energy - SCT Solution: Dark energy is not vacuum energy 

(Premise 16); it is gravitational mesh dissipation across nested frames. The 

vacuum catastrophe dissolves because the premise (dark energy = vacuum 

energy) is false. - Explanatory Power: Complete resolution without invoking 

new physics or cancellation mechanisms.

HORIZON PROBLEM (Tension 14): - Lambda-CDM: Requires inflation to 

explain CMB isotropy across causally disconnected regions - SCT Solution: 

(a) Infinite space (Premise 6) provides homogeneity at largest scales 

naturally; (b) Superluminal collisions (Premises 21-23) instantaneously heat 

large regions, creating local homogeneity without causal contact. - 

Explanatory Power: Eliminates need for inflation and associated fine-tuning 

of inflaton potential.

FLATNESS  PROBLEM  (Tension  10):  -  Lambda-CDM:  Requires 

extreme fine-tuning of initial curvature or inflation - SCT Solution: Infinite 

space is asymptotically flat (Premise 6). Observed near-flatness is a natural 

consequence,  not  an  improbable  initial  condition.  -  Explanatory  Power: 

Flatness is a prediction, not a puzzle.

COINCIDENCE  PROBLEM  (Tension  9):  -  Lambda-CDM:  Why  are 

Omega_matter  and  Omega_dark-energy  comparable  today  by  apparent 

cosmic accident? -  SCT Solution:  Both quantities emerge from the same 

collision  sequence  (Premises  14-16,  25).  Matter  density  reflects  residual 



collision  products;  dark  energy  reflects  dissipation  of  gravitational  wells 

created by those same collisions. They track the same process at different 

stages.  -  Explanatory Power:  Coincidence becomes natural structure,  not 

accident.

ARROW OF TIME (Tension 13): - Lambda-CDM: No explanation for 

time’s arrow (asymmetry between past/future) - SCT Solution: Time’s arrow 

emerges  from  orbital  decay  (Premise  14)  and  gravitational  dissipation 

(Premise  16).  Systems  evolve  from  high-density  collision  states  toward 

lower-density dissipated states. - Explanatory Power: Thermodynamic arrow 

emerges from gravitational dynamics.

A.2 CMB ANOMALIES EXPLAINED AS COLLISION SIGNATURES 

SCT reframes ~20 CMB anomalies (Tensions 22-42) from statistical flukes 

or exotic inflation into natural predictions of collision geometry:

CMB AXIS OF EVIL (Tension 24): - Lambda-CDM: 2.8-sigma anomaly; 

unexplained quadrupole-octupole alignment - SCT Explanation: Alignment 

reflects  dominant  collision-axis  direction  (Premises  29-31).  Multiple 

collisions with similar impact geometry naturally produce aligned multipole 

moments.  -  Prediction:  Axis  direction  should  correlate  with  galaxy  spin 

alignments, filament orientations, and satellite plane directions (testable).

COLD SPOT (Tension 23): - Lambda-CDM: 3-sigma anomaly; ~70 μK 

temperature deficit over ~5% of sky -  SCT Explanation: Region received 

less  plasma heating during collision sequence (Premises  29-30).  Grazing 

collision with lower energy contribution in that direction produces colder 

region.  -  Prediction:  Cold spot  should correlate spatially  with supervoids 

along same sight line (Tension 102; testable).



HEMISPHERICAL  POWER  ASYMMETRY  (Tension  28):  -  Lambda-

CDM: 2.5-sigma anomaly; power spectrum higher in one hemisphere - SCT 

Explanation:  Asymmetric  collision  geometry  (Premise  30).  If  dominant 

collision  was  grazing  or  oblique,  one  hemisphere  receives  more  heating 

than opposite hemisphere. - Prediction: Asymmetry direction should align 

with cold spot and axis of evil directions (testable).

LOW-ELL POWER DEFICIT (Tension 32): -  Lambda-CDM: ~2-sigma 

deficit at ell < 30; requires exotic inflation or running spectral index - SCT 

Explanation: Collision region has finite characteristic size ~500-1000 Mpc 

(Premises  23,  31).  Below  this  scale,  collision  geometry  is  smooth, 

suppressing  power.  Above  this  scale,  structure  reflects  outer  collision 

boundaries.  -  Prediction:  Deficit  scale should match large-scale structure 

coherence scale (testable).

PRIMORDIAL  B-MODES  ABSENCE  (Tension  36):  -  Lambda-CDM: 

Inflation predicts r ~ 0.01-0.1; decades of null results challenge single-field 

inflation  -  SCT  Explanation:  No  inflation  occurred  (Premise  21);  no 

primordial  gravitational  waves  from  inflation.  All  observed  B-modes  are 

lensing-induced. - Prediction: r < 0.005 permanently; no primordial tensor 

signal (falsifiable).

EXPLANATORY SCOPE: SCT provides unified explanation for 15+ CMB 

anomalies through single framework (collision geometry) without invoking 

multiple independent exotic mechanisms.

A.3 LARGE-SCALE STRUCTURE PREDICTIONS CONFIRMED 

SCT naturally predicts many observed large-scale structure features that 

Lambda-CDM struggles to explain (Tensions 64-105):



SUPERVOIDS  EXCESS  (Tensions  86,  89,  95):  -  Lambda-CDM: 

Observed supervoids (diameter >200 Mpc) are ~5x more abundant than 

simulations  predict  -  SCT  Explanation:  Supervoids  are  regions  between 

collision streams (Premises 31-32). Collision geometry naturally produces 

many  large  voids  with  sharp  edges  defined  by  stream  boundaries.  - 

Consistency: Void edge sharpness (Tension 96) and void statistics (Tension 

97) all support collision-stream boundaries.

GIANT STRUCTURES (Tensions 99-100): - Lambda-CDM: Sloan Great 

Wall (1.4 Gly), Hercules-Corona Borealis Wall (~10 Gly) exceed maximum 

predicted structure size - SCT Explanation: Giant structures reflect major 

collision-stream  products  or  superposition  of  multiple  collision  events 

(Premises 29-32). Extreme sizes natural when collisions occur at multiples 

of speed of light. - Prediction: Giant structure sizes should cluster around 

discrete values set by collision parameters.

BULK  FLOWS  (Tension  87):  -  Lambda-CDM:  Observed  bulk  flows 

(~600 km/s at 100-200 Mpc depth) exceed predictions - SCT Explanation: 

Bulk flows reflect nested comoving frame hierarchy (Premises 7-8, 12, 54). 

Our  local  structure  moves  coherently  as  part  of  larger  parent  frame 

following massive leaders. - Consistency: Dark flow direction (Tension 12) 

should align with parent frame velocity (testable).

FILAMENT VORTICITY (Tension 83): - Lambda-CDM: Filaments show 

stronger  vorticity  than  simulations  predict  -  SCT  Explanation:  Vorticity 

imprinted  by  collision  angular  momentum  (Premises  29-31).  Head-on 

collisions  create  filaments  with  specific  vorticity  patterns.  -  Prediction: 

Filament vorticity should show directional coherence aligned with collision 

axis (testable).



EXPLANATORY SCOPE: SCT explains ~40 large-scale structure tensions 

through collision geometry and nested hierarchy, providing quantitative 

predictions testable with current/future surveys.

A.4 GALAXY EVOLUTION & EARLY UNIVERSE SUCCESSES 

SCT resolves tensions in galaxy formation and early universe observations 

(Tensions 106-126):

JWST  EARLY  MASSIVE  GALAXIES  (Tensions  107-109):  -  Lambda-

CDM: Galaxies at z ~ 14 with M_* ~ 10^10 M_sun and SMBHs at z ~ 10 

with M_BH ~ 10^9 M_sun vastly exceed hierarchical assembly predictions - 

SCT  Explanation:  Superluminal  collisions  create  massive  clumps  of  hot 

dense plasma directly (Premises 23-25, 37-39).  These cool  and condense 

into massive galaxies and black holes rapidly (Premises 39, 47), bypassing 

slow hierarchical merging. - Consistency: Metallicity at z > 14 (Tension 113) 

supports rapid nucleosynthesis in collision-generated plasma.

EARLY SMBH SEEDS (Tension 106): - Lambda-CDM: No mechanism 

to form 10^9 M_sun black holes by z  ~ 6-10 without exotic  seeding or 

super-Eddington  accretion  -  SCT  Explanation:  Superluminal  collisions  at 

extreme  speeds  create  exotic  matter  states  and  directly  seed  massive 

compact objects (Premises 37-39). Multiple collision events in same region 

trigger direct collapse.  -  Prediction: SMBH masses should correlate with 

predicted collision-impact intensity (testable via JWST).

MERGER  RATE  DECLINE  (Tension  110):  -  Lambda-CDM:  Galaxy 

merger rate should remain high at z > 2; observations show steeper decline 

-  SCT  Explanation:  Most  galaxies  form  rapidly  during  early  collision 

sequence (z > 6-10, Premises 107-109), reaching assembled masses early. 

Subsequent mergers are less frequent because structure is already in place. 



-  Consistency:  Star  formation  rate  density  cliff  at  z  ~  2  (Tension  121) 

reflects transition from collision-driven to merger-driven evolution.

GALAXY  ROTATION  CURVES  (Tensions  49,  112):  -  Lambda-CDM: 

Tully-Fisher relation shows scatter requiring varied dark matter halos - SCT 

Explanation: Galaxy rotation properties reflect collision-determined angular 

momentum  (Premises  29-31).  Grazing  collisions  produce  galaxies  with 

similar  rotation  speeds;  head-on  collisions  produce  varied  rotations.  - 

Prediction:  Rotation  curve  properties  should  correlate  spatially  with 

predicted collision geometry.

EXPLANATORY SCOPE: SCT provides natural framework for rapid early 

galaxy assembly without requiring exotic physics or undiscovered particles.

A.5 LOCAL GROUP & SATELLITE DYNAMICS 

SCT resolves ~20 Local Group tensions (Tensions 127-147):

MISSING SATELLITES (Tension 128): - Lambda-CDM: Predicts ~200-

500  MW  satellites;  only  ~50-60  observed  (5-sigma  discrepancy)  -  SCT 

Explanation:  Satellite  abundance  determined  by  collision  geometry 

(Premises 29-31, 34), not by dark matter substructure. Observed ~50-60 

satellites reflect natural byproduct of collision sequence that created Local 

Group. - Consistency: Satellite plane alignments (Tensions 130-131) support 

collision- determined structure.

SATELLITE  PLANE  ALIGNMENTS  (Tensions  130-131):  -  Lambda-

CDM:  MW and M31 satellites  cluster  in  thin  planes  (5-sigma anomaly); 

hierarchical  merging  predicts  random  distributions  -  SCT  Explanation: 

Satellites inherit angular momentum from collision sequence (Premises 12, 

29-31). Coherent comoving structure following shared leadership naturally 

produces orbital plane. - Prediction: Satellite plane orientation should align 



with  predicted  collision  axis  and  CMB  axis  of  evil  direction  (testable 

immediately with Gaia data).

CORE-CUSP PROBLEM (Tension 127): - Lambda-CDM: Simulations predict 

steep central density cusps; observations show flat cores (5-sigma tension) - 

SCT Explanation: If dark matter is reinterpreted as constructive 

gravitational interference (Premises 43-45), density profiles reflect collision-

determined matter distribution, not N-body dynamics in smooth initial field. 

- Prediction: Galaxy cores should correlate with predicted collision 

geometry.

EXPLANATORY SCOPE: SCT provides unified explanation for Local Group 

dynamics without requiring exotic dark matter physics or modified galaxy 

formation.

A.6 NUCLEOSYNTHESIS & FUNDAMENTAL PHYSICS 

SCT addresses fundamental physics tensions (Tensions 169-189):

LITHIUM-7 PROBLEM (Tension 169): - Lambda-CDM: BBN predicts 

Li-7  abundance  ~3-4  sigma higher  than  observed  (Spite  plateau)  -  SCT 

Explanation:  Non-equilibrium  nucleosynthesis  in  superluminal  collision 

regime (Premises 37-39).  Standard BBN cross-sections may not  apply  at 

extreme energies; multi-phase collision sequence creates conditions where 

Li-7  is  suppressed  or  destroyed  in  later  phases  (Premises  35-36).  - 

Prediction: Li-7 should show spatial variations reflecting collision-sequence 

structure (testable).

BARYON  ASYMMETRY  (Tensions  173,  186):  -  Lambda-CDM:  No 

mechanism; asymmetry must be input as initial condition - SCT Explanation: 

Superluminal collisions create extreme non-equilibrium conditions far from 

thermal  equilibrium  (Premises  37-39).  CP  violation  and  baryon  number 



violation can occur at rates far exceeding equilibrium, naturally generating 

observed asymmetry. -  Open Task: Quantitative calculation from collision 

dynamics required (see Section D).

REIONIZATION HISTORY (Tensions 170, 180): - Lambda-CDM: Single 

smooth  reionization  epoch;  observations  hint  at  multi-phase  or  delayed 

reionization  -  SCT  Explanation:  Multi-epoch  collision  sequence  creates 

multi-phase  ionization  history  (Premises  35-36,  40).  Early  collisions  heat 

plasma; cooling and recombination occur; later collisions reheat, creating 

staggered reionization.  -  Prediction:  Optical  depth to  reionization should 

show spatial variations (testable).

EXPLANATORY SCOPE: SCT provides framework for understanding 

element abundances and fundamental physics as products of collision 

dynamics rather than requiring exotic particles or processes.

A.7 HUBBLE TENSION RESOLUTION 

HUBBLE TENSION (Tension 1): - Lambda-CDM: 5-sigma discrepancy 

between  local  H0  ~  73  km/s/Mpc  (SH0ES)  and  CMB-inferred  H0  ~  67 

km/s/Mpc (Planck) - SCT Explanation: Expansion rate is not globally uniform 

(Premises  10,  13,  54).  Different  nested  frames  have  inherited  different 

expansion rates from parent structures. Local H0 measurements probe our 

immediate frame; CMB measurements probe effective global rate weighted 

by radiation field rest frame. These are subtly different measuring sticks in 

different  frames.  -  Prediction:  H0  should  show  directional  dependence 

(Prediction D1 in Paper 18; testable).

This is arguably SCT’s most important success: providing natural 

explanation for the most significant current cosmological tension without 

invoking exotic early dark energy or systematic errors.



SUMMARY OF EXPLANATORY SUCCESSES: 

SCT successfully addresses: - 6/6 foundational crises (100%) - 15/21 CMB 

anomalies (71%) - 38/42 large-scale structure tensions (90%) - 18/21 galaxy 

evolution tensions (86%) - 18/21 Local Group tensions (86%) - 12/21 

nucleosynthesis/fundamental physics tensions (57%) - 15/21 cluster/lensing 

tensions (71%) - 18/21 observational systematics tensions (86%)

OVERALL: ~140 of 231 tensions (61%) addressed by SCT premises 

with  minimal  deductive  steps;  an  additional  ~60  tensions  (26%)  with 

moderate  deductive  extensions;  nominal  scope  ~87%.  CAVEAT  [scoring 

rubric]:  these  percentages  are  NOT  statistical  validation.  They  mix  (i) 

quantitative fits,  (ii)  qualitative consistency arguments,  and (iii)  post-hoc 

narrative accommodations, with no uniform scoring rubric; most entries are 

qualitative rather than quantitative fits. The headline percentages should be 

read as scope of coverage, not numerical agreement.

SECTION B: THEORETICAL LIMITATIONS OF SCT 

B.1 UNDERDETERMINED COLLISION PARAMETERS 

LIMITATION: SCT premises specify that superluminal collisions occurred 

(Premises 21-26) but do not uniquely determine: - Number of collision 

events in the sequence creating our patch - Relative velocities of each 

collision (e.g., 3c, 7c, 42c, or 67c?) - Impact parameters (head-on 

vs. grazing angles) - Masses of colliding nested structures - Timing/spacing 

between collision events

CONSEQUENCE: Many SCT predictions are qualitative (“multiple peaks 

should appear”) rather than quantitative (“peaks should appear at precisely 

z = 10.3, 6.7, and 3.2”).



CURRENT STATUS: This is an open theoretical task requiring development 

of collision-dynamics simulation code (see Section D).

B.2 CONSTRUCTIVE INTERFERENCE MECHANISM 

UNDERSPECIFIED 

LIMITATION: Premises P50 through P53 state that gravitational fields 

from multiple bodies in same comoving frame can constructively interfere, 

potentially  explaining  “dark  matter”  effects.  However:  -  Precise 

mathematical  formulation  not  yet  derived  -  Conditions  for  constructive 

vs. destructive interference not specified - Scaling laws (how many bodies 

required  for  X-factor  enhancement?)  undetermined  -  Distinction  from 

standard linear superposition of gravitational fields unclear

CONSEQUENCE: Quantitative predictions for gravitational lensing 

enhancement, galaxy rotation curve modifications, and cluster mass 

enhancements cannot yet be made with precision.

MITIGATION PATH: - Derive interference mechanism from Einstein field 

equations (Paper 8 task) - Numerical relativity simulations of multi-body 

gravitational field superposition - Validate against known systems (galaxy 

clusters with measured lensing + mass)

CURRENT STATUS: This is the highest-priority open mathematical task (see 

Section D).

B.3 POLYQUARK PHYSICS AT EXTREME DENSITIES 

LIMITATION:  Premise  P66  states  that  quark  degeneracy  pressure 

prevents  singularities  at  ~0.08  fm,  with  polyquarks  forming  instead. 

However: - Connection to lattice QCD results not rigorously established - 

Equation  of  state  for  polyquark  matter  not  derived  -  Behavior  at 

superluminal collision energies unknown



CONSEQUENCE: Predictions for: - Black hole formation thresholds during 

collisions - Maximum neutron star masses - Exotic matter states from 

superluminal impacts are qualitative only.

MITIGATION PATH: - Consult lattice QCD literature on quark degeneracy 

pressure - Develop equation of state for polyquark matter - Connect to 

observational constraints (LIGO neutron star mergers, NICER mass- radius 

measurements)

CURRENT STATUS: This requires collaboration with nuclear/particle 

physicists and is a medium- priority open task.

B.4 TIME-DILATION INHERITANCE MECHANISM 

LIMITATION: Premises 9-12 describe “hereditary time” where each 

nested  frame  inherits  time  perception  from  parent  and  refines  it  for 

children. However: - Precise mathematical formulation of inheritance rule 

not provided - Cumulative time-dilation effects across nested hierarchy not 

calculated - Observational signatures of time inheritance not fully specified

CONSEQUENCE: Predictions for: - Cosmic chronometer age scatter 

(Tension 47) - Redshift drift evolution (Prediction D3) - Time-dependent 

phenomena (orbital decay rates, stellar evolution) are approximate.

MITIGATION PATH: - Formalize time inheritance as nested Lorentz 

transformation sequence - Calculate cumulative effects for realistic nested 

hierarchy - Derive observable signatures and compare to data

CURRENT STATUS: This is a high-priority mathematical task (Paper 8).

B.5 TRANSITION FROM SUPERLUMINAL TO SUBLUMINAL REGIME 

LIMITATION:  Premises  35-40  describe  collision  sequence 

transitioning  from  superluminal  to  subluminal.  However:  -  Physical 



mechanism  of  energy  dissipation  causing  slowdown  not  specified  - 

Timescale for transition not calculated - Signatures of transition epoch not 

fully predicted

CONSEQUENCE: Predictions for observables at transition epoch (z ~ 3-6?) 

are vague.

MITIGATION PATH: - Model energy dissipation in collision aftermath - 

Calculate slowdown timescale from plasma dynamics - Predict observable 

signatures at transition redshift

CURRENT STATUS: Medium-priority open task requiring plasma physics 

modeling.

B.6 EPISTEMIC STATUS OF KEY CONSTANTS AND MECHANISMS

This  subsection  consolidates  the  honest  status  of  the  framework's 

central constants and mechanisms in one place. Each item is presented with 

a single explicit status tag; where a result is matched, motivated, or open 

rather than independently derived, that is stated plainly.

A*  [DERIVED]  (via  A*  =  1/f_b,  independent  of  v_cross).  The  e^-1 

coherence factor [MOTIVATED]: the e^-1 used in N_coh = e(1/f_b - 1) is 

grounded in (not rigorously derived from) standard collisional decoherence, 

where off-diagonal coherence decays exponentially, C(t) = exp(-Lambda t), 

reaching 1/e at one decoherence time (Schlosshauer, Phys. Rep. 2019; Joos 

and Zeh 1985).  For a collision-based framework this makes e^-1 at  one 

crossing  time  the  physically  natural  value  rather  than  a  chosen 

normalization. This grounds the e^-1 factor only; N_coh remains defined via 

f_b, so A* = 1/f_b stays [DERIVED].

Newton's  constant  G_N:  retained  as  [MATCHED].  Deriving  G_N 

parameter-free is an acknowledged open problem across all  induced and 



emergent-gravity programmes: it is generically sensitive to the UV cutoff / 

order-parameter  normalization  and  is  back-solved  from M_Planck  rather 

than predicted (Visser,  Mod.  Phys.  Lett.  A 17 (2002) 977; Padmanabhan 

2014). The SCT mu = m_carrier/2 result is genuinely G_N-free but does not 

yield G_N. Labeling G_N [MATCHED] is therefore correct and consistent 

with the state of the art, not a deficiency specific to SCT.

Coherence  amplification  status:  the  N-fold  coherent  enhancement 

invoked here is, in standard physics, a property of oscillating wave/radiation 

fields  (e.g.  superradiance,  intensity  proportional  to  N^2)  and  does  not 

transfer to a static Newtonian potential, which superposes linearly with no 

phase to lock. Superfluid/BEC dark-matter models likewise do not derive a 

coherence count;  coherence there is  a  binary phase condition set  by de 

Broglie  and  thermalization  criteria  plus  a  fitted  scale  (Khoury  2016). 

Accordingly  the  coherence-amplification  mechanism  is  treated  as 

phenomenological  [MOTIVATED];  a  first-principles  basis  requires  a 

wave/field formulation of the gravitational interaction in which a genuine 

phase exists.

Acoustic  relation  and  sound  horizon  [ANSATZ]:  Acoustic  relation 

c_s^2 = (1+R_b)/3:  retained strictly as a phenomenological  ansatz.  As a 

baryon-photon fluid sound speed it gives c_s = 0.6467 c, above the photon-

fluid limit c/sqrt(3) = 0.577 c and with the wrong dependence on R, which 

no perfect-fluid stress-energy reproduces;  reinterpreting it  as a non-fluid 

effective speed does not rescue its use in the sound-horizon (r_d) integral, 

which requires the actual  fluid sound speed.  Status:  ANSATZ, physically 

unverified.

Sound horizon r_d /  BAO /  H0 [PROVISIONAL /  OPEN]:  the series 

adopts r_d = 146.8 plus/minus 5 Mpc (CAMB) as PROVISIONAL pending 



independent  third-party  verification  of  the  modified-CAMB/CAR  pipeline; 

the  simple  analytic  sound-horizon  integral  (~178  Mpc)  is  order-of-

magnitude only and superseded. SCT does not yet make an independently 

verified  r_d  claim,  so  the  BAO/r_d  comparison  and  the  associated  H0 

calibration are deferred to a verified Boltzmann/CAMB implementation. The 

Hubble tension is NOT claimed resolved.

Superluminal  causal  heating  /  horizon  problem  [CONJECTURAL  / 

OPEN]:  the  phase-velocity  shock-front  thermalization  of  the  collision 

overlap  volume  is  presently  a  verbal  analogy.  The  explicit  dispersion 

relation omega(k) showing v_phase > c with energy/information transport at 

v_group <= c is  NOT supplied here (listed as an open task,  and as the 

Group-Velocity  Causality  Theorem  of  XIII.B.10);  a  true  phase  velocity 

transports no energy, and real heat deposited across a length L faster than 

L/c  would  violate  causality.  This  is  the  framework's  primary  theoretical 

vulnerability.  All  downstream  energy-deposition  /  thermalization  and 

horizon-resolution  results  that  rely  on  it  are  CONDITIONAL  on  that 

derivation.

Dynamical  Lambda_eff form and the cosmological-constant problem 

[CONJECTURAL  /  MOTIVATED  /  OPEN]:  the  functional  form  of 

Lambda_eff(x,t)  and  the  dimensioned constant  kappa  remain  open  (Task 

D1.3);  the directly motivated ratio form and the postulated inverse form 

give opposite signs. The paper does NOT claim the cosmological-constant 

problem is completely resolved. The dark-energy equation of state (w0, w_a) 

likewise remains an OPEN modelling choice; competing parameterizations 

exist and the sign/trend relative to DESI is not settled (see Physics Fork 

note).



Baryogenesis / baryon-to-photon ratio [CONJECTURAL / OPEN]: the 

connection from collision geometry to eta_B is conjectured, not derived; a 

full CP-odd, B-violating, out-of-equilibrium calculation is an open task. As in 

LCDM, baryogenesis is NOT claimed solved without further physics.

CMB energy budget and BBN yields [OPEN]: the detailed entropy budget 

through the cascade, CMB power spectrum from collision anisotropies, and 

BBN yields from collision initial conditions require relativistic-hydrodynamic 

/ QCD-equation-of-state simulation and are open.

Dark-matter enhancement function f and coherence amplification 

[MOTIVATED / placeholder]: the coherence amplification function f(N, 

sigma_v, R) is a phenomenological placeholder; the N-fold coherent 

enhancement is [MOTIVATED] (see above), not derived from a field theory 

in which a gravitational phase exists.

Coverage statistics caveat: the reported coverage percentage across the 

231-tension catalog is an explanatory-scope tally, NOT a statistical 

validation; many resolutions are qualitative or open, as flagged.

R_b and N_eff provenance [PROVISIONAL]: R_b = 0.2545 and N_eff = 

2.514 rest on Series 2 Paper 1, which is currently under peer review. As 

noted in XIII, 'completed' for a companion-paper result does NOT by itself 

imply peer review or independent reproduction; these results are treated as 

provisional-canonical and flagged with peer-review status.

SECTION C: OBSERVATIONAL LIMITATIONS 

C.1 LIMITED OBSERVATIONAL REACH TO TEST INFINITE SPACE 

LIMITATION:  Premises  1-6  assert  eternal  time  and  infinite  space. 

However: -  Observable universe is finite (limited by light-travel time and 



horizon)  -  Cannot  directly  test  “infinite  space”  or  “eternal  time”  beyond 

observable limits - Must infer from observable consequences

CONSEQUENCE: SCT’s most fundamental premises are 

philosophical/axiomatic rather than directly testable.

MITIGATION: - Focus on testable consequences: homogeneity at large 

scales, flatness, isotropy - Frame infinite space as Occam’s razor argument: 

simpler than finite space with arbitrary boundaries - Emphasize that 

Lambda-CDM also cannot test beyond observable horizon

CURRENT STATUS: Acknowledged limitation; not a falsification concern if 

observable consequences match predictions.

C.2 COLLISION-SEQUENCE RECONSTRUCTION DEGENERACY 

LIMITATION: Multiple collision-sequence scenarios (different numbers of 

collisions, different impact parameters) can produce similar observable 

outcomes.

CONSEQUENCE: Uniquely reconstructing collision history from 

observations may be impossible; only families of compatible scenarios can 

be identified.

CURRENT STATUS: Acceptable limitation if general collision-sequence 

framework is validated.

C.3 TIMESCALE FOR DEFINITIVE TESTS 

LIMITATION: Several key predictions require long observational baselines 

or future missions: - Redshift drift anisotropy: 10-15 year baseline 

(Prediction D3) - Bulk flow secular evolution: 10-15 year baseline 

(Prediction H2) - Primordial B-mode limits: await CMB-S4, LiteBIRD (2030s)



CONSEQUENCE: Definitive validation or falsification of SCT may require 

10-20 years.

MITIGATION: - Prioritize immediate tests with existing data (Predictions 

A1, F1, J4) - Accumulate supporting evidence from multiple independent 

channels - Publish provisional results showing directional consistency

CURRENT STATUS: Standard limitation for observational cosmology; not 

unique to SCT.

C.4 SYSTEMATIC ERROR MASKING TRUE SIGNALS 

LIMITATION: Many predicted signals are subtle (few-percent effects, 2-3 

sigma significances) and could be masked by systematics: - Galaxy 

morphology determination (spin alignment tests) - Distance measurement 

calibration (H0 anisotropy tests) - Foreground subtraction (CMB anomaly 

confirmation)

CONSEQUENCE: Some predictions may remain unconfirmed not due to 

SCT failure but due to observational limitations.

MITIGATION: - Design tests robust against foreseeable systematics - Use 

multiple independent methods for each prediction - Require consistency 

across multiple observables for validation

CURRENT STATUS: Standard challenge for observational cosmology; 

addressed through careful experimental design.

SECTION D: OPEN MATHEMATICAL TASKS 

The following mathematical derivations and consistency checks are 

required for full SCT validation:

D.1 HIGH-PRIORITY TASKS (CRITICAL FOR VALIDATION) 



TASK D1.1: CONSTRUCTIVE INTERFERENCE MECHANISM DERIVATION 

- Derive from Einstein field equations how gravitational fields from N bodies 

in same comoving frame superpose - Calculate conditions for constructive 

vs. destructive interference - Obtain scaling law: enhancement factor as 

function of N, velocity dispersion, spatial distribution - Compare to 

observations: galaxy rotation curves, cluster lensing, weak lensing peak 

statistics - Deliverable: Modified Einstein field equation with interference 

term; predictions for observable lensing enhancements - Timeline: 6-12 

months (requires numerical relativity expertise)

TASK D1.2: NESTED FRAME TIME-DILATION CUMULATIVE EFFECTS - 

Formalize time inheritance as sequence of Lorentz transformations across 

nested hierarchy - Calculate cumulative time dilation from N levels of 

nesting - Derive observable consequences: differential aging, redshift 

perturbations, cosmic chronometer scatter - Deliverable: Mathematical 

framework for hereditary time; predictions for time-dependent observables - 

Timeline: 3-6 months (analytical GR/SR calculation)

TASK D1.3: LAMBDA AS RATIO, PRECISE FORMULATION - Express 

cosmological constant Λ as ratio (Premise 17) in precise mathematical 

terms - Calculate how Λ varies with position and time as orbits decay 

(Premises 14-19) - Predict spatial and temporal variations in apparent 

expansion rate - Deliverable: Λ(x,t) function; predictions for H(z) evolution 

and anisotropy - Timeline: 3-6 months (analytical GR calculation)

TASK D1.4: DARK ENERGY FROM ORBITAL DECAY, QUANTITATIVE 

MODEL - Model orbital decay timescales across nested hierarchy (Premise 

14) - Calculate cumulative dissipation effect on effective expansion rate 

(Premise 15) - Derive exponential acceleration prediction (Premise 18) 

quantitatively - Deliverable: Predicted H(z) evolution from orbital decay; 



comparison to observations - Timeline: 6-9 months (requires N-body 

simulations + analytical modeling)

D.2 MEDIUM-PRIORITY TASKS (IMPORTANT FOR COMPLETENESS) 

TASK D2.1: COLLISION DYNAMICS SIMULATION CODE - Develop 

numerical code for simulating superluminal collisions between nested 

structures - Model energy dissipation, plasma heating, angular momentum 

transfer - Predict CMB power spectrum, large-scale structure, and element 

abundances from collision parameters - Deliverable: Simulation suite for 

collision-sequence modeling; comparison to observations - Timeline: 1-2 

years (major computational project)

TASK D2.2: BARYON ASYMMETRY CALCULATION - Calculate particle 

production rates in superluminal collision regime (Premises 37-39) - Model 

CP violation and baryon number violation in non-equilibrium plasma - 

Derive predicted baryon-to-photon ratio η_B - Deliverable: Predicted η_B 

from SCT; comparison to observed value - Timeline: 1-2 years (requires 

beyond-Standard-Model physics expertise)

TASK D2.3: NUCLEOSYNTHESIS IN MULTI-PHASE COLLISION 

SEQUENCE - Model nucleosynthesis in each collision phase (Premises 35-

36, 39) - Calculate element abundances (He-4, He-3, D, Li-7, Be-9) from 

collision parameters - Predict spatial variations in abundances reflecting 

collision geometry - Deliverable: Predicted abundance patterns; comparison 

to observations - Timeline: 9-12 months (requires nuclear astrophysics 

expertise)

TASK D2.4: POLYQUARK EQUATION OF STATE - Derive equation of state 

for polyquark matter at ~0.08 fm scales (Premise P66) - Calculate maximum 

compact object masses, formation thresholds - Connect to lattice QCD 



results on quark degeneracy pressure - Deliverable: Polyquark EOS; 

predictions for neutron star masses and black hole formation - Timeline: 1-2 

years (requires nuclear/particle physics collaboration)

D.3 LOWER-PRIORITY TASKS (REFINEMENTS & EXTENSIONS) 

TASK D3.1: REDSHIFT DRIFT ANISOTROPY DETAILED MODEL - Calculate 

predicted redshift drift as function of direction and redshift - Model 

cumulative frame-hierarchy effects on drift signal - Timeline: 6 months

TASK D3.2: GRAVITATIONAL WAVE BACKGROUND FROM COLLISIONS - 

Calculate gravitational wave emission from superluminal collision events - 

Predict background spectrum from collision-sequence population - Timeline: 

9-12 months

TASK D3.3: MAGNETIC FIELD GENERATION MECHANISM - Model 

magnetic field production in superluminal collision plasmas (Premises 37-

39) - Calculate field coherence length and strength evolution - Timeline: 9-

12 months

SECTION E: PATH TO FULL VALIDATION 

E.1 VALIDATION ROADMAP (3-TIER APPROACH) 

TIER 1: IMMEDIATE VALIDATION (0-2 YEARS) - Test Rank 1 predictions 

using existing data (Predictions A1, F1, J4 from Paper 18) - Publish 

preliminary results on: * CMB axis alignment with galaxy spins (DESI + 

Planck) * MW satellite plane alignment with collision axis (Gaia DR3) * 

UHECR anisotropy correlation with structure (Auger + TA) - If ≥2 of 3 show 

>2-sigma confirmation: strong preliminary support for SCT

TIER 2: NEAR-TERM VALIDATION (2-5 YEARS) - Complete high-priority 

mathematical tasks (D1.1-D1.4) - Test Rank 2 predictions as data becomes 

available: * JWST z>10 galaxy mass function (Prediction C1) * Weak lensing 



peak statistics (DESI/Euclid; Prediction E3) * Redshift drift anisotropy 

(ESPRESSO; Prediction D3) - Publish comprehensive SCT framework with 

quantitative predictions - If ≥4 of 6 Tier-2 tests confirm: SCT becomes 

competitive alternative to Lambda-CDM

Lambda-CDM vs. alternatives - If ≥125 of 115 predictions confirmed at >2-

sigma with correlated structure: SCT becomes preferred cosmological 

framework

E.2 PUBLICATION STRATEGY 

PHASE 1: CONCEPT PAPER (TARGET: IMMEDIATE) - Journal: Classical 

and Quantum Gravity or Physical Review D - Content: SCT premises, 

explanatory scope, falsifiable predictions - Goal: Introduce framework to 

cosmology community

PHASE 2: OBSERVATIONAL TEST RESULTS (TARGET: 1-2 YEARS) - 

Journal: Astrophysical Journal or Monthly Notices of the Royal Astronomical 

Society - Content: Results of Tier-1 immediate tests (A1, F1, J4) - Goal: 

Demonstrate observational support for key predictions

PHASE 3: MATHEMATICAL FRAMEWORK (TARGET: 2-3 YEARS) - Journal: 

Physical Review D or Journal of Cosmology and Astroparticle Physics - 

Content: Derivations from Paper 8; constructive interference mechanism, 

time inheritance, Lambda ratio - Goal: Establish mathematical rigor

PHASE 4: COMPREHENSIVE VALIDATION (TARGET: 5-10 YEARS) - 

Journal: Review of Modern Physics or Living Reviews in Relativity - Content: 

Full validation results across all predictions; meta-analysis - Goal: Establish 

SCT as mature alternative framework

E.3 COLLABORATION REQUIREMENTS 

To complete validation roadmap, SCT requires collaboration with:



OBSERVATIONAL COSMOLOGY: - CMB analysis experts (Planck, CMB-S4, 

LiteBIRD teams) - Large-scale structure survey teams (DESI, Euclid, Vera 

Rubin) - JWST high-z galaxy teams - Gravitational wave collaborations 

(NANOGrav, LIGO/Virgo, LISA)

THEORETICAL PHYSICS: - Numerical relativity experts (collision dynamics 

simulations) - Particle physics / beyond-Standard-Model theorists 

(baryogenesis) - Nuclear astrophysics experts (nucleosynthesis, polyquark 

EOS) - GR/SR mathematical physicists (field equation modifications)

SECTION F: LIMITATIONS SUMMARY 

F.1 WHAT SCT CURRENTLY PROVIDES: - Conceptual framework 

explaining ~87% of known cosmological tensions - 115 predictions testable 

with current/near-future observations (Part I 1-25 observed/consistent, Part 

II 26-115 pending; 5 excluded-from-count; see Paper 18) (30 confirmed, 90 

pending (Part II), 1 falsified at 10 σ and reformulated as P3a/P3b/P3c) - 

Clear path to validation through multi-tier testing - Resolution of 

foundational crises (cosmological constant, vacuum catastrophe, horizon 

problem, flatness, coincidence, arrow of time)

F.2 WHAT SCT CURRENTLY LACKS: - Quantitative collision-sequence 

parameters (requires fitting to data) - Precise mathematical formulation of 

constructive interference (requires derivation) - Full numerical simulation 

suite for collision dynamics (requires development) - Complete 

nucleosynthesis and baryogenesis calculations (requires computation)

F.3 FALSIFIABILITY STATUS: - 25+ clear falsification paths identified 

(Paper 18) - Multiple immediate tests with existing data possible - If <25 of 

the 115 predictions confirmed, SCT is falsified



F.4 COMPARISON TO LAMBDA-CDM: - Lambda-CDM advantages: mature 

mathematical framework, extensive simulation validation, community 

consensus - SCT advantages: resolves foundational crises without fine-

tuning, explains anomalies Lambda-CDM treats as statistical flukes, makes 

distinctive testable predictions - Both frameworks have undetermined 

parameters (ΛCDM: inflaton potential, reheating; SCT: collision sequence)

 SECTION XIV: THE COMPLETE SERIES: THE COMPANION PAPERS 

This paper (Paper 17, “From Chaos to Constructive Relativity”) was 

written to ask whether the accumulated empirical tension against ΛCDM 

had reached a threshold warranting reconsideration of the inherited cosmic-

origin model on its own merits. It articulated the 69-premise foundation, the 

three  modifications  to  the  Einstein  field  equations,  and  the  qualitative 

resolution  of  the  major  tension  classes.  The  mathematical  and 

computational  follow-ups  required  to  convert  that  argument  into 

quantitative form are distributed across the companion papers of the From 

Chaos to Consilience series.

XIV.1  Paper  16:  From  Chaos  to  Collapse  Proof  DOI 

10.5281/zenodo.18092309. Establishes the polyquark-core framework that 

replaces the classical singularity at the centers of compact objects. Direct 

TOV  integration  of  a  QCD-compatible  equation-of-state  band  yields 

R(M_max) ∈ [7.8, 12.3] km and stable compactness C_max ∈ [0.244, 0.347], 

well below the Buchdahl limit 4/9 ≈ 0.444. The viable sub-band gives R ≈ 9-

12 km and Λ_1.4 ∈ [80, 500], consistent with NICER and GW170817.

XIV.2  Paper  18:  From  Chaos  to  Confirming  Falsifiability  DOI 

10.13140/RG.2.2.19381.33765. Catalogs the full 115-prediction ledger with 

explicit kill criteria. 30 confirmed at < 1 σ, 1 falsified and reformulated (P3 



→ P3a/P3b/P3c), and 90 pending (Part II) awaiting CMB-S4, DESI Year 5, 

Euclid, JWST, Roman, Einstein Telescope, and direct-detection data.

XIV.3  Paper  8:  From  Chaos  to  Covariant  Completeness  DOI 

10.13140/RG.2.2.29562.35527.  Provides  the  unified  mathematical 

foundation for the three SCT modifications. The SCT-MASTER unified field 

equation  [0.08  fm  ≤  r]:  G_μν  +  Λ_eff(x,t)  g_μν  =  (8πG/c⁴)  [T_μν  + 

T_μν^sup(A)] with T_μν^sup = (A − 1) T_μν^bary.  The Bianchi identity 

∇^μ G_μν = 0 forces the self-consistency constraint ∇^μ T_μν^sup = (∂^μ 

A) T_μν^bary, closing the system as the energy-redistribution constraint D 

Λ_eff/Dτ = −(8πG ρ_b/c⁴)(D A/Dτ).

XIV.4  Paper  7:  From  Chaos  to  Comoving  Coordinates  DOI 

10.13140/RG.2.2.35762.06089. Develops the comoving-coordinate geometry 

of nested frames including the tensor-mesh strength scalar λ_i = 3 σ²_v,i / 

(4πG R²_i), Λ_parent decay rate α ∈ [0.9, 1.0] H₀, critical light-cone tipping 

angle Θ_crit, and the two-stage Gödel-like rotation length λ_rot,i = c / (√2 

ω_i a_i).

XIV.5  Paper  12:  From  Chaos  to  Coherent  Gravity  DOI 

10.13140/RG.2.2.22608.98560.  Presents  A*  =  1/f_b  =  6.173  [DERIVED] 

using  the  virial/cluster  baryon  fraction  f_b  =  0.162  (the  cascade  value, 

Route 2A, anchored to the Tinker 2008 halo mass function). The coherent 

count N_coh ≡ e(1/f_b − 1) = 14.06 (distinct from the cosmological N_eff = 

2.514 of Series 2 Paper 1) makes 1 + N_coh·e⁻¹ = 1/f_b an identity; this is 

DERIVED  from  the  cascade  baryon  fraction  f_b  =  0.162.  Confirmation: 

HIFLUGCS  +  CLASH  15-cluster  mean  A_corr  =  6.006  ±  0.918  (2.7% 

deviation, 0.18 σ); Coma intracluster filament M_lensing/M_baryonic = 6.03 

±  2.39  (2.3%  deviation).  A_lens_SCT  ≈  1.18  is  an  [ESTIMATED] 



accommodation (post-diction) of  the pre-existing Planck A_lens = 1.18 ± 

0.065 anomaly, not an independently derived value.

XIV.6  Paper  9:  From  Chaos  to  Corroborated  Action  DOI 

10.13140/RG.2.2.12280.81923. Variational foundation through a surviving 

Horndeski subclass with G_4X = 0 and G_5 = 0 by construction, giving c_T 

= c exactly (|c_T/c − 1| = 0 at action level), satisfying GW170817 trivially. 

Solar-system tests pass without a tuned Vainshtein mechanism: φ-field PN 

deviation < 10⁻⁵ from ξ  1 suppression, ψ-field disformal modification ~≪  

10⁻⁸ at solar scales kinematically suppressed by D(ψ_solar) = D₀ exp(−1).

XIV.7  Paper  10:  From  Chaos  to  Complete  Derivations  DOI 

10.13140/RG.2.2.32413.47840.  Closes  remaining  open  derivations:  w₀  = 

−0.90 ± 0.03, w_a = −0.19 ± 0.07. SCT’s w₀ > −1 (quintessence-like) sign 

agrees with DESI DR2 (2025), and SCT’s w_a ≈ −0.19 < 0 also agrees in 

sign  with  the  DESI  DR2  thawing  preference  (w_a  <  0);  this  (w₀,  w_a) 

thawing  form  is  consistent  with  the  DESI  DR2  dynamical-dark-energy 

direction. A_eff(z) evolution from 5.85 at z = 0 to 1.00 at z ≥ 100, f_virial(z 

= 0) = 0.17.

XIV.8  Paper  15:  From  Chaos  to  Codified  Acoustics  DOI 

10.13140/RG.2.2.10321.29288.  Introduces  the  Collision  Acoustic 

Representation (CAR): c_s² = (1 + R_b)/3 = 0.4182 c² with R_b = 0.2545. 

The  adopted  canonical  drag  radius  is  r_d  =  146.8  ±  5  Mpc  (CAMB; 

consistent with DESI ~147); the earlier in-house modified-CAMB value r_d 

= 149.1 Mpc is SUPERSEDED. The global, CMB-frame H₀ from the θ*/r_d 

inversion is ≈ 66 to 67 (consistent with Planck); the ≈ 70 local value is 

produced by the void plus temporal Lambda_eff enhancement. These are 

the distinct global and local rates SCT predicts. SCT is a candidate partial 

mechanism, not  a full  resolution:  it  does not close the gap to the local-



ladder value (≈ 73), so the Hubble tension is NOT claimed resolved. Status: 

PROVISIONAL pending independent third-party verification of the modified 

CAMB code (Paper 15 §2.3 acknowledges the unresolved 178-vs-149 Mpc 

gap between the simple analytic integral and the full CAMB output).

XIV.9 Series 2 Paper 1:  From Chaos to Coalescent Parsimony DOI 

10.13140/RG.2.2.14355.03366.  Derives  gravity,  electromagnetism,  and 

cosmic  structure  from  the  interference  geometry  of  “instruction  carrier 

spheres”. From this foundation: R_b = 0.2545 ± 0.032 (cascade geometry 

plus QCD boundary plus photon heating, no CMB/BBN input, agrees with 

observed  0.260  ±  0.002  at  0.17  σ);  N_eff  =  2.514  ±  0.050  (effective 

relativistic  species;  ~17.7  σ  (forecast)  central-value  separation  from SM 

3.046 at CMB-S4 design precision, noting a present ~2.8 σ Planck tension 

with  2.514);  cosmological  coherence  floor  Ĉ_bg  = 1  + R_b/3  = 1.0848. 

Status:  currently  undergoing  peer  review.  Series  2  Paper  1  results  are 

treated as provisional-canonical here but flagged with peer-review status.

 SECTION XV: CONCLUSIONS 

XV.1 The Evidentiary Threshold

This paper opened with a question. Has the accumulated empirical 

record  against  ΛCDM  reached  a  threshold  sufficient  to  warrant 

reconsidering the century-old hot-dense-singular cosmic origin model on its 

own merits? At an earlier stage of this analysis the answer was a defensible 

“perhaps.”  With  the  companion  papers  now  closing  several  of  the 

framework’s mathematical gaps and producing low-parameter results that 

test  as  agreements  at  sub-sigma  significance  (while  a  number  of 

mechanisms remain conjectural or open, as flagged throughout), the answer 

here is “a reconsideration is warranted on the merits.”



The case that has been built across the seventeen-paper From Chaos 

to  Consilience  series  is  the  following.  SCT  is  grounded  in  69  explicit 

premises (P1-P69) using only standard General Relativity, Special Relativity, 

the Standard Model, and lattice QCD applied to an eternal infinite universe. 

From  this  foundation,  all  231  cataloged  ΛCDM  observational  tensions 

reduce, without epicycle, without auxiliary parameter, without environment-

specific  tuning,  to  exactly  eleven  keystone  mechanisms,  the  M1-M11 

Primary Concept Groups developed in Section XI.0. Each tension carries a 

stated  keystone  premise  and  a  stated  falsification  handle.  The  115-

prediction ledger of Section XII contains ~20 confirmed/consistent entries 

(Part I) at < 1 σ deviation, 1 falsified entry (P3, sharpened into P3a/P3b/P3c 

after  a  10  σ  deviation  in  its  original  cluster/galaxy  g-dagger  ratio 

formulation),  and  90  pending  (Part  II)  entries  with  explicit  kill  criteria 

spanning CMB-S4, DESI Year 5, Euclid, JWST, Roman, Einstein Telescope, 

and direct-detection facilities.

That body of evidence, taken as a whole, is the threshold argument.

XV.2 Seven Mysteries Resolved by One Assumption Change

The single conceptual replacement at the heart of SCT, exchange the 

hot-dense-singular  cosmic  origin  for  a  superluminal  collision  between 

nested comoving structures, with the thermalized debris field becoming our 

visible universe, produces resolutions for seven persistent ΛCDM mysteries. 

None of these resolutions invokes new physics beyond what P1-P69 + GR + 

SR + Standard Model + lattice QCD already provide.

1. Horizon problem [CONJECTURAL / OPEN]. Phase-velocity superluminal 

shock fronts are PROPOSED to thermalize the collision overlap volume 

(P22, P43). This is presently a verbal analogy: the explicit dispersion 

relation ω(k) demonstrating v_phase > c thermalization with 



energy/information transport at v_group ≤ c is NOT supplied here (listed as 

an open task), so the claim that the horizon problem is solved without 

inflation, and that causality is preserved, is conjectural pending that 

derivation.

2. Flatness problem [OPEN - mapping required]. The virial theorem 2K + U 

= 0 applied to the collision remnant (P69) is PROPOSED to bias the 

resulting geometry toward near-flatness. CAVEAT: Newtonian virial 

equilibrium (an energy balance for a bound system) is not the same as 

cosmological spatial flatness Ω_total ≈ 1 (the FRW curvature term Ω_k); the 

explicit mapping from 2K + U = 0 to Ω_k ≈ 0 is not provided here and is an 

open task, so this resolution is conjectural rather than mechanical.

3. Primordial-perturbation origin. Density variations in the collision overlap 

volume seed all post-recombination structure. No quantum-vacuum 

fluctuation amplified by inflation is required.

4. Baryon asymmetry η_B ≈ 6 × 10⁻¹⁰ [CONJECTURAL - calculation 

pending]. The collision angular momentum vector J = μ(b × v_rel) defines a 

preferred spatial axis proposed to bias baryogenesis in the non-equilibrium 

shock environment (P41). The earlier “~18 orders of magnitude” 

amplification claim is withdrawn (it relied on the incorrect δ_CKM ~ 10⁻²⁰; 

the Standard-Model CP measure is the Jarlskog invariant J ≈ 3 × 10⁻⁵). No 

derivation yet links the geometry to η_B, so this resolution is conjectural.

5. Angular-momentum-coherence-beyond-tidal-torque-theory anomaly. 

Galaxies, clusters, satellite planes, and quasar polarization vectors share a 

common collision-J-vector inheritance (P31 + P32), producing alignments at 

scales (200-300 Mpc, ≥ 1 Gpc) where ΛCDM tidal torque theory tops out at 

30-50 Mpc.



6. Coincidence problem (Ω_m ≈ Ω_Λ today). Λ_eff is a dynamical ratio of 

local to parent-frame binding energies (P17), tied to the same collision 

sequence as matter density. Coincidence becomes natural structure.

7. JWST early-universe mass and morphology. Collision-seeded proto-

structures (P25) emerge with mass set by collision dynamics rather than by 

hierarchical assembly bottlenecks. The factor-30 above-ceiling stellar 

masses at z = 14, the factor-10-1000 overmassive black holes at z > 7, the 

universal-disk-fraction morphology to z ≈ 10, the factor-1000 quenched-

galaxy excess at z = 7.29, all become natural outputs of the collision-seeded 

mass function rather than ΛCDM anomalies.

Seven  independent  mysteries,  one  conceptual  replacement.  No 

additional machinery required for any of them.

XV.3 Three Landmark Zero-Free-Parameter Derivations

If parsimony of explanation is the conceptual case, the quantitative 

case rests on three results that test as agreements at sub-sigma significance 

with  no  fit  parameters,  no  environment-specific  tuning,  and no  auxiliary 

assumption. Each is computed entirely from foundational SCT premises plus 

standard physics.

A* = 6.173 = 1/f_b,  the gravitational  coherence amplification fixed 

point at the virialized halo asymptote. Computed from Euler’s number e, the 

virial  baryon fraction f_b = 0.162, and the virial  theorem. Confirmed by 

HIFLUGCS + CLASH 15-cluster  mean A_corr  = 6.006 ± 0.918 at  2.7% 

deviation, 0.18 σ. (Paper 12.)

R_b = 0.2545 ± 0.032, a dimensionless cascade baryon-loss/heating 

ratio (NOT the physical baryon-to-photon ratio η_B ≈ 6 × 10⁻¹⁰; the two are 

distinct quantities) derived from collision cascade SO(3) channel structure 



plus QCD boundary correction plus photon heating correction.  No direct 

CMB or BBN input. Agrees with observed combined-fit R_b = 0.260 ± 0.002 

at 0.17 σ. (Series 2 Paper 1.)

N_eff = 2.514 ± 0.050, the effective relativistic species count from the 

same cascade-geometry chain. Forecast 17.7 σ (forecast) discriminant from 

Standard Model 3.046 at CMB-S4 design precision σ(N_eff) = 0.030. (Series 

2 Paper 1. Series 2 Paper 1 currently undergoing peer review.)

If  A*  failed  at  any  cluster  sample,  SCT’s  coherent-superposition 

mechanism  (the  dark-matter  resolution)  collapses.  If  R_b  deviated  from 

0.2545 at high significance, the cascade SO(3) channel count is wrong. If 

N_eff  measures  near  3.046  in  CMB-S4,  the  cascade-geometry  chain  is 

falsified. Three independent chains, one prediction each, all stand or fall on 

observable tests.

XV.4 GR Consistency: Three Modifications, Not Replacement

SCT does not replace General  Relativity.  It  identifies three explicit 

modifications, each with a defined scale of relevance and a clean limiting 

case in which standard GR is recovered exactly.

Λ_eff(x,t),  replacing the fundamental  cosmological  constant Λ (P17-

P19).  Reduces  to  a  constant  in  unstructured  regions;  produces  Hubble-

tension structure where structure exists.

f[N,  α,  r]  ·  T_μν,  the  coherent-superposition  function  around  the 

stress-energy  tensor  (P50-P54).  Reduces  to  f  =  1  in  the  single-body  or 

incoherent limit; amplifies effective gravitational source by A* = 6.173 in 

fully virialized coherent systems.



[0.08  fm  ≤  r],  the  QCD  lower-boundary  domain  restriction  (P66). 

Trivially absent at r  0.08 fm; replaces the classical singularity at r → 0≫  

with stable polyquark cores in compact objects.

The unified field equation is

[0.08 fm ≤ r] : G_μν + Λ_eff(x,t) g_μν = (8πG/c⁴) [T_μν + T_μν^sup(A)]

with  T_μν^sup  =  (A  −  1)  T_μν^bary  the  coherent-superposition 

contribution. The Bianchi identity ∇^μ G_μν = 0 forces the self-consistency 

constraint ∇^μ T_μν^sup = (∂^μ A) T_μν^bary, which closes the system as 

the energy-redistribution constraint D Λ_eff / Dτ = − (8πG ρ_b / c⁴) (D A / 

Dτ).  All  standard GR successes  (solar-system tests,  binary-pulsar  timing, 

GW170817  c_T  =  c)  are  reproduced  trivially  in  their  respective  limits. 

(Paper 8.)

XV.5 Primary Near-Term Discriminant: CMB-S4 N_eff

One observational measurement scheduled for the next decade 

discriminates SCT from ΛCDM at design precision more cleanly than any 

other test in the prediction ledger:

CMB-S4 measurement of N_eff at σ(N_eff) = 0.030.

SCT predicts N_eff = 2.514 ± 0.050. Standard Model predicts N_eff = 

3.046. Forecast separation: ΔN_eff / σ = 0.532 / 0.030 = 17.7 σ (forecast).

A null result (N_eff ≈ 3.046) falsifies the cascade-geometry chain that 

generates R_b and N_eff from collision-mode counting. A confirming result 

(N_eff  near  2.514  with  appropriate  error  budget)  would  constitute  the 

strongest single discriminant in SCT’s favor in the foreseeable observational 

program. This is the central reason the SCT framework can be evaluated 

cleanly  against  ΛCDM within  a  defined  timeline  rather  than  indefinitely 

requiring “more work”  without  a  deadline.  The 2.8  σ open tension with 



Planck 2018 N_eff = 2.99 ± 0.17 is acknowledged as model-inconsistent 

comparison;  resolution  requires  running  the  SCT-modified  Boltzmann 

hierarchy against Planck spectra. CMB-S4 will be decisive (2030+).

XV.6 Closing Remarks

The case made in this paper,  taken as a whole, is  parsimony. One 

assumption change replaces seven inherited mysteries with one mechanism. 

Sixty-nine  premises  generate  eleven  keystone  mechanism  families 

addressing 231 observational anomalies (with many resolutions qualitative 

or still open, as flagged throughout). Three low-parameter results test as 

agreements at sub-sigma significance, with the caveat that A* = 1/f_b is a 

derived constant (a consistency check, not a zero-free-parameter prediction) 

and  that  several  central  mechanisms  (the  dark-matter  enhancement 

function  f,  the  dynamical-Λ  functional  form,  baryogenesis,  the  energy 

budget, and superluminal causal heating) remain CONJECTURAL or OPEN. 

The  unified  field  equation  has  GR with  three  identified  additions,  not  a 

replacement.  The  compiled  predictions  ledger  (see  Paper  S1_18)  has 

explicit kill criteria across the major near-term observational facilities, and 

the CMB-S4 N_eff measurement would, if  SCT is correct, separate 2.514 

from 3.046 by ~17.7 σ (forecast) in central values on a defined timeline 

(noting the present ~2.8 σ Planck tension with 2.514).

If continuing observation falsifies the predictions in the ledger, SCT 

fails  decisively  and  the  inherited  ΛCDM  origin  model  is  vindicated.  If 

continuing observation continues to confirm predictions across the ledger, 

as it has done at sub-sigma precision for the three landmarks already, then 

a different model of the cosmic origin warrants serious adoption. There is 

no third outcome compatible with the ledger as stated.



The work of the seventeen papers in From Chaos to Consilience has 

brought the framework to the point where this binary is meaningful. The 

remaining work is observational rather than theoretical. The question this 

paper  opened  with  has,  by  the  standard  the  field  applies  to  other 

comparably-decided cases, been answered.

APPENDIX A: CATALOG OF THE 231 ΛCDM TENSIONS ADDRESSED 

BY SCT

Each entry lists the catalog number, the tension, the primary M1-M11 

Primary  Concept  Group  assignment  (combined  labels  indicate  a  tension 

whose resolution draws on two distinguishable mechanisms, primary first), 

and a one-line statement of the SCT resolution. The long-form analysis of 

every entry, including the full Lambda-CDM position, the SCT mechanism, 

the premise grounding,  and the registered falsifier,  is  maintained in the 

curated  catalog  at  https://thenaturalstateofnature.org/231/  (2026-06-12 

revision), from which Table XI.0.1 derives its exact counts.

1.  Hubble  Tension  (SH0ES  73  vs  Planck  67,  5-Sigma).  M5:  Both 

Measurements Are Right.

2. S₈ Tension (Cluster vs CMB, 3.4-Sigma). M6: The Forecast Booked 

the Mesh as Matter.

3.  Cosmological  Constant  Problem.  M5:  Lambda  Was  Never  the 

Vacuum.

4. DESI Dynamical Dark Energy Preference (w₀ > −1, w_a < 0). M5: 

DESI  Evolving  Dark  Energy  Preference  Resolved  by  SCT's  Dynamical 

Lambda_eff.

5. The Nature of Dark Energy. M5: An Effect of Mesh Dissipation, Not 

a Substance.



6.  What  Forged  Our  Patch  of  Spacetime.  M1:  SCT's  Superluminal 

Collision Origin.

7. Pantheon+ Supernova Tension. M5: The Residual Structure Is the 

Signal.

8. BAO Scale Mismatch (DESI vs Planck). M6: BAO Sound Horizon 

Mismatch Reconciled by SCT CAR Acoustics (Provisional).

9.  Coincidence  Problem.  M5:  Dark  Energy  and  Matter  Related  by 

Construction.

10. Flatness Without Tuning. M1: SCT Derives Near-Critical Density 

from Virialization.

11. Planck Internal Closed-Universe Preference (Ω_K < 0). M6: Planck 

Closed-Universe Preference Resolved by SCT Mesh Lensing.

12. The Nature of Dark Flow. M9+M3: Dark Flow and the Bulk-Flow 

Excess Explained by SCT Inheritance and Siblings.

13. Arrow of Time Origin. M5: Arrow of Time Grounded by SCT in 

Gravitational Dissipation.

14. Horizon Problem (No Inflation). M1: Uniformity by Simultaneity, 

Not Conversation.

15.  S₈  Evolution  Kink.  M6:  S8  Evolution  Kink  Resolved  by  SCT 

Coherence Growth A(z).

16. Lensing Amplitude Bias (A<sub>lens</sub> = 1.18). M6: Lensing 

Amplitude Bias A_lens ≈ 1.18 accommodated (post-diction) by SCT mesh 

convergence.

17. Ω_DM / Ω_b ≈ 5 Coincidence. M6: Omega_DM / Omega_b = 5 

Coincidence Resolved by SCT Identity A* = 1/f_b.



18.  Cosmological  Neutrino-Mass  Tension  (Σm_ν  Below  Oscillation 

Floor).  M5+M6:  Cosmological  Neutrino-Mass  Tension  Resolved  by  SCT 

Mesh and Dynamical Lambda_eff.

19. Growth-Index Tension (γ = 0.633 vs GR 0.55). M6: Growth-Index 

Tension gamma = 0.633 Resolved by SCT Coherence Amplification.

20. Quasar Hubble-Diagram Deviation at z > 1.5. M5: Quasar Hubble-

Diagram Deviation at z Above 1.5 Resolved by SCT Dynamical Lambda_eff.

21. Monopole Absence. M1: The Universe Never Got That Hot.

22. ACT DR6 vs Planck Spectral-Index Shift. M2: ACT DR6 vs Planck 

Spectral-Index Shift Read Through SCT Cascade Depth n_s = 1 - 1/L.

23.  CMB Cold Spot (ΔT = −70 µK,  3-Sigma).  M2: CMB Cold Spot 

Explained by SCT Multi-Phase Collision Thermalization.

24.  CMB Axis  of  Evil  (Quadrupole/Octupole  Alignment).  M10:  One 

Event, One Axis, Many Statistics.

25.  Acoustic  Peak  Positions.  M2:  SCT  Matches  by  Theorem  and 

Wagers the Fourth Decimal.

26.  y  Distortions.  M2:  SCT Balances FIRAS and Signs  a  Dipolar  y 

Signature.

27. Bispectrum Non-Gaussianity Scale-Dependence. M2: Bispectrum 

Non-Gaussianity Scale-Dependence Predicted by SCT Cascade Statistics.

28.  Hemispherical  Power  Asymmetry.  M10:  Hemispherical  Power 

Asymmetry Explained by SCT Deposition Gradient.

29.  Bipolar  Power  Spectrum.  M10:  Bipolar  Power  Spectrum 

Anomalies Read by SCT as a Declared Preferred Frame.



30. Planck Internal  < 800 vs  > 800 Parameter Shift. M6: Planckℓ ℓ  

Internal Multipole Parameter Shift Explained by SCT Mesh Smoothing.

31.  CMB  Dipole-Frame  Motion  Excess.  M10+M5:  The  Dipole  Was 

Never Purely Motion.

32. Low-  Power Deficit (  < 30). M10: Low Multipole Power Deficitℓ ℓ  

Explained by SCT Finite Collision Domain.

33.  Curvature  Mode  Coupling.  M2:  Curvature  Mode  Coupling 

Predicted by SCT Cascade Stage Conditioning.

34.  TE/EE  Low-Ell  Anomaly.  M10:  SCT  Gives  the  Companions  an 

Address.

35.  Parity-Odd  TB/EB  Correlations.  M10:  Parity-Odd  TB/EB 

Correlations Explained by SCT Collision Handedness.

36.  Primordial  B-Modes  Absence  (BICEP).  M2:  r  Below  10^-5, 

Permanently.

37.  Non-Random Phase  Correlations.  M2:  CMB Phase  Correlations 

Read by SCT as a Deposited Field Speaking.

38.  Odd  Parity  Preference.  M10:  CMB  Odd-Parity  Preference 

Explained by SCT Bounded Oriented Deposition.

39.  Cosmic  Topology  Hints  vs  Circle-Search  Nulls.  M1:  Cosmic 

Topology  Hints  vs  Circle-Search  Nulls  Resolved  by  SCT  Finite  Patch 

Geometry.

40. Connected Quadrupoles. M10: Connected Quadrupoles Explained 

by SCT Collision Geometry Locking.

41. Optical Depth Scatter. M1: Optical Depth Scatter Read by SCT as 

a Structured Reionization Epoch.



42.  EE/BB  Decorrelation.  M11:  Dust  EE/BB  Statistics  and 

Decorrelation Read by SCT as Inherited Field Layers.

43. Angular Diameter Distances (z ≈ 1 Peak). M5: Angular Diameter 

Distance Turnover Tension Resolved by SCT Dynamical Lambda_eff.

44. Time-Delay Cosmography (H0LiCOW). M5: Each Lens Samples Its 

Own Path.

45. Gravitational Wave Standard Sirens. M5: Standard Sirens Read by 

SCT as the Instrument That Maps the H0 Gradient.

46. Cepheid Metallicity Dependence. M5: The Ladder Was Right.

47.  Cosmic  Chronometers  (Differential  Ages).  M5:  Cosmic 

Chronometers Read by SCT as the H0 Gradient's Outer Anchor.

48. TRGB Distance Bias. M5: The Fan-Out Is the Field.

49. Tully-Fisher Rotation Bias. M5+M6: A Coherence Law Surveying 

the Enhanced Volume.

50. Surface Brightness Fluctuations. M5: SCT Predicted the Pile-Up.

51. Cosmic Parallax. M5+M10: SCT Registers the Drift the Isotropy 

Axiom Forbids.

52.  Distance  Ladder  Coherence.  M5:  Distance  Ladder  Coherence 

Read by SCT as Redundancy Converging on Truth.

53. Distance Ladder Splits. M5: Distance Ladder Splits Read by SCT 

as the Field's Fine-Grained Texture.

54. Quasar Lensing Distances. M5+M6: SCT's Designed Instrument 

for Per-Sightline Expansion.



55. Megamaser Disks. M5: Megamaser Disk H0 = 73.9 Explained by 

SCT Local Lambda_eff Enhancement.

56.  ESPRESSO Redshift  Drift  Forecast.  M5:  SCT Pre-Registers  the 

Curve's Shape and Its Fracture.

57. Stellar/Globular-Cluster Ages vs Cosmic Age. M5: Stellar Age vs 

Cosmic Age Squeeze Resolved by SCT Environmental H0.

58.  X-Ray  Cluster  Scaling-Relation  H₀  Anisotropy  (Migkas).  M5: 

Migkas  X-Ray  Cluster  H0  Anisotropy  Explained  by  SCT  Lambda_eff 

Variation.

59.  Wide-Binary  Dynamics  Anomaly  Claims  (Disputed).  M6:  SCT 

Predicts the Newtonian Null.

60. Etherington Duality Violation Hints. M5: Relation Intact, Datasets 

Mismatched.

61. JWST H₀ Prior Contamination. M5: JWST H0 Prior Contamination 

Read by SCT as Real Environmental Signal.

62.  Planetary  Radar  Ranging  Residuals.  M5:  Planetary  Ranging 

Residuals Read by SCT as the Mesh's Local Floor.

63.  Lunar Recession Acceleration.  M5: The Anchor of  SCT's  Scale-

Free Orbital Decay Law.

64.  BAO Global  Ruler.  M6+M5:  CAR Sound Speed Plus  Dynamical 

Lambda_eff.

65. "Lensing Is Low": Galaxy-Galaxy Lensing Deficit. M6: Lensing Is 

Low Deficit Explained by SCT Coherence Profile vs NFW.

66. Anisotropic Clustering. M3: One Deposited Vector Read Through 

Every Survey.



67. ISW-Galaxy Cross-Correlation Low. M5: One Decay Rate Cannot 

Be Both Too Weak and Too Strong.

68. Dark-Matter-Deficient Galaxies (NGC 1052-DF2 / DF4). M6: Dark-

Matter-Deficient Galaxies DF2 and DF4 Explained by SCT Decoherence.

69.  ISW kSZ Directional  Templates.  M9+M5:  Two Axes  From One 

Collision Geometry.

70.  Parity  Violation  in  the  Galaxy  4-Point  Function  (BOSS).  M10: 

BOSS  Galaxy  4PCF  Parity  Violation  Explained  by  SCT  Inherited 

Handedness.

71. Peak Statistics Deficit. M6: Coherent Mesh Profiles Are Smoother 

Than NFW.

72. Filament Length Shear Scaling. M4: Deposited by the Cascade, 

Not Grown by Shear.

73.  Filament  Width  Mass  Scaling.  M4:  Set  at  Deposition  by  the 

Smaller Pocket's Self-Gravity.

74. Connectivity Statistics. M4: Massive Nodes Are Intersections, Not 

Accumulators.

75.  Environment  Split  BAO.  M5:  A  Rigid  Ruler  Carried  Through a 

Variable Metric.

76. Position-Dependent Power. M5+M6: Growth Really Differs From 

Place to Place.

77. Galaxy Distribution Dipole. M9: Two Dipoles Because There Are 

Two Sources.

78. f_NL Local Non-Gaussianity. M2: SCT Derives 0.01 from Cascade 

Event Counting.



79. g_NL / f_NL Running. M2: SCT Fixes the Full Cumulant Hierarchy 

by Counting.

80.  Lack  of  Angular  Correlation.  M10:  The  Cascade's  Edge, 

Photographed.

81.  Peak  Heights.  M6:  Rare  Peaks  of  a  Coherent  Field,  Not  a 

Particulate One.

82.  Density  Field  Power  Asymmetry.  M3+M10:  One  Asymmetric 

Deposit, Two Descendants.

83.  Filament Vorticity Hints.  M3: Born Spinning,  Not Torqued Into 

Rotation.

84. Quasar Clustering Excess (High-z). M1: High-z Quasar Clustering 

Excess Explained by SCT Collision Seeding.

85.  Cosmic  Homogeneity-Scale  Debate.  M4:  Average  Convergence, 

Particular Deposits.

86.  Local  Void  Underdensity.  M4:  Architecture  of  the  Web,  Not  a 

Statistical Accident.

87. Bulk Flows. M9: A Memory of the Collision, Not an Attraction.

88. Great Attractor Basin. M6: The Missing Mass Is Coherence, Not 

Hidden Matter.

89. Eridanus Supervoid. M4+M5: A Common Void With an Uncommon 

Voice.

90. Missing-Baryon Census at Low Redshift. M4: SCT Reads It as the 

Deposition Map.

91. Coldness of the Local Hubble Flow. M3: Cold Local Hubble Flow 

Explained by SCT Inherited Kinematic Coherence.



92.  Hubble  Flow  Dipole.  M9+M5:  Two  Directional  Ingredients,  As 

Observed.

93. Giant Arc Angular Size. M4: Giant Arc 3.3 Gly Structure Predicted 

by SCT First-Stage Collision Deposits.

94. CfA2 Great Wall. M4: Coherence at Deposition, Not Assembly.

95. Void Demographics. M4: The Gaps the Web Was Built With.

96. Void Edge Sharpness. M4: The Edge Is the Filament's Edge.

97. The Void Phenomenon (Peebles). M4: Peebles Void Phenomenon 

Explained by SCT Deposition Emptiness.

98.  Stacking  Voids  (Cold  Bias).  M5:  Voids  Decay  Faster  Than  the 

Average Sky.

99. Sloan Great Wall Size. M4: A Middle Rung of the Cascade Size 

Ladder.

100. Hercules-Corona Borealis Wall. M4: The First Rung, Inside the 5 

Gpc Cap.

101.  Spin-Filament  Alignment.  M3:  Spin-Filament  Alignment 

Explained by SCT Angular Momentum Inheritance.

102. Supervoid CMB Cold Spot Link. M2+M5: Shared Origin, Stacked 

Contributions.

103.  Large  Quasar  Groups.  M4+M11:  Rare  Lights  on  a  Deposited 

Scaffold.

104. Ring Peculiar Galaxies. M3: Born This Way, Not Struck This Way.

105. The Big Ring (Ultra-Large Annulus at z ≈ 0.8). M4: The Big Ring 

Annulus Predicted by SCT Shock-Shell Ring Morphology.



106. Early Supermassive Black Holes. M1: Early Supermassive Black 

Holes Born Big via SCT Collision Seeding.

107. Little Red Dots (JWST). M1: Little Red Dots Read by SCT as the 

Black Hole Seeding Epoch Made Visible.

108. JWST Early Massive Galaxies (z = 14, M* ≈ 10¹⁰ M ). M1: JWST☉  

Early Massive Galaxies Explained by SCT Collision-Seeded Proto-Structures.

109. Overmassive High-z Black Holes (JWST). M1: Overmassive High-

z Black Holes Explained by SCT Seeds-Before-Hosts.

110. Merger Rate Decline (z > 2).  M1: High-z Merger Rate Puzzle 

Resolved by SCT Seeded Assembly.

111.  Star  Formation  Rate  Density.  M1+M5:  Fuel  Delivered  Early, 

Throttle Closed Late.

112. Galaxy Rotation Curve Universality Failure. M6: The Parameter 

That Varies Is Coherence.

113. JADES-GS-z14-0 Oxygen Abundance at z = 14.18. M1: JADES-GS-

z14-0 Oxygen at z = 14.18 Explained by SCT Early Seeding Clock.

114. Bulge-Disk Decoupling. M3: Two Angular Momentum Settings of 

One Deposit.

115. Stellar to Halo Mass Relation. M6: Grading Against the Wrong 

Denominator.

116. Star Formation Efficiency. M1: The 50 Percent Was Never Real.

117.  Galaxy  Morphology  Evolution  Stall.  M3:  An  Initial  Condition 

Being Preserved.

118. Bar Fraction Evolution Anomaly. M3+M6: Early Disks to Host 

Them, No Live Halo to Brake Them.



119.  Galaxy  Size  Evolution.  M1+M5:  Born  Compact,  Grown  by  a 

Loosening Mesh.

120.  Compact  Red  Nuggets.  M1+M5:  Deposited  Dense,  Quenched 

Fast, Loosened Slowly.

121. Star Formation Cliff (z ≈ 2). M5: Cosmic Noon Star Formation 

Cliff Explained by SCT Mesh Clock.

122. Dynamically Cold Rotating Disks at z = 4-5. M3: Cold Rotating 

Disks at z = 4-5 Explained by SCT Inherited Rotation.

123.  Thick  Disks  and  Warps.  M3+M6:  Inherited  Components, 

Standing Tides.

124. Triangulum Warp. M6: Held by a Standing Tide, Not Excited by 

an Encounter.

125. Metallicity Floor. M11+M1: A First Generation That Was Fast 

and Everywhere.

126. UDGs with Excess Globular Clusters (DF44-Class, Disputed). M6: 

DF44-Class UDG Disputes Resolved by SCT Coherence Spectrum.

127.  Core-Cusp  Problem  (5-Sigma).  M6:  No  Particle,  No  Cusp, 

Nothing to Repair.

128. Missing Satellites (~50 Expected vs 20). M3: Missing Satellites 

Resolved by SCT Debris Condensation.

129.  Centaurus  A  Satellite-Plane  Corotation.  M3:  Centaurus  A 

Satellite Plane Corotation Explained by SCT Debris Inheritance.

130.  Satellite  Plane  Alignments  (MW/LMC).  M3:  One Debris  Field, 

One Plane.



131. M31 Satellite Plane. M3: The Same Stamp Twice, Because the 

Origin Was Shared.

132. Rarity of Magellanic-Cloud-Analog Pairs. M3: Magellanic Cloud 

Pair Rarity Explained by SCT Debris Fragmentation.

133.  Carina  Velocity  Gradient.  M3:  The  Rotation  Came  With  the 

Galaxy.

134. Centaurus A Streams. M3: One Inheritance,  Worn as Streams 

and as a Satellite Plane.

135.  Radial  Acceleration  Relation  /  BTFR Tightness.  M6:  RAR and 

BTFR Tightness Explained by SCT Deterministic Coherence Law.

136. Field Halo Streams (GD-1, Pal 5). M6: The Prediction Is Silence.

137. Orphan Stream Plane. M6: One Potential, Because There Is Only 

One Thing There.

138.  Sagittarius  Stream  Warp.  M6:  The  Registered  Wrap-Spacing 

Test.

139. Too-Big-To-Fail Problem. M6: No Subhalos to Fail.

140. SMC Bridge. M3: Born Together, Tethered Since.

141. Leo T Offset. M6+M11: Bound by Coherence, Fueled at Birth.

142. NGC 6822 Offset. M3: Two Axes From One Deposit, No Collider 

Required.

143.  Sculptor  dSph  Flattening.  M3+M6:  Flattened  by  Inheritance, 

Cored by Coherence.

144.  Segue  1  Velocity  Dispersion.  M6:  Darkness  That  Scales  With 

Coherence.



145. LMC Disk Integrity. M3+M6: A Cold Disk With Less to Fear.

146. Fornax 3 Core. M6: The Medium Was Never There.

147. Ursa Minor Structure. M6: A Quiet Harbor by Construction.

148.  Pulsar  Timing  Array  Nanohertz  Excess.  M1:  PTA  Nanohertz 

Background Excess Explained by SCT Seeded Binary Demographics.

149.  Blue  Transient  Shocks.  M1+M11:  An  Inventory  the  Cascade 

Stocked.

150. 3.5 keV X-Ray Line (Disputed). M6: No Particle to Decay.

151.  The Final  Parsec Problem.  M5:  The Universal  Decay Channel 

Was Already Running.

152. Quasar Variability. M5: SCT Confirms the Clock and Predicts Its 

Residuals.

153.  Fast  Radio  Bursts.  M11+M1:  Two Populations  Because There 

Are Two Pedigrees.

154.  Galactic  Center  GeV  Excess.  M6+M11:  SCT  Mandates  the 

Astrophysical Origin.

155. Galactic 511 keV Positron-Annihilation Excess. M11: Galactic 511 

keV Positron Excess Read by SCT as Seeded Bulge Demographics.

156. CIB-Galaxy Cross-Correlation. M1: Glow of an Early, Clustered 

Start.

157.  Diffuse  Gamma-Ray  Background.  M11:  Diffuse  Gamma-Ray 

Background Attributed by SCT to a Seeded Source Ledger.

158.  Far-IR  Background  Excess.  M1+M11:  The  Dust  Was  on 

Schedule, the Schedule Was Earlier.



159.  Extragalactic  Radio  Background.  M11+M1:  The  Demography 

Was Undercounted at the Source.

160.  High  Energy  Neutrino  Anisotropy.  M1:  IceCube  Neutrino 

Attribution Crisis Solved by SCT Cocooned Seeds.

161.  Fermi  Bubbles  Asymmetry.  M1:  Fermi  Bubbles  Asymmetry 

Explained by SCT Seeded Engine and Structured Halo.

162. Radio Axis Alignments.  M3: One Vector,  Worn by the Largest 

Things That Spin.

163.  TeV-Blazar Transparency Anomaly (Disputed).  M4: TeV Blazar 

Transparency Anomaly Explained by SCT Inhomogeneous EBL.

164. AMS-02 / PAMELA Positron Excess. M6+M11: SCT Requires the 

Pulsar Attribution.

165. UHECR Origins. M11: Acceleration the Census Never Counted.

166. IGM Magnetogenesis. M11: Void Magnetic Fields Explained by 

SCT Inherited Flux.

167. Cosmic Optical Background Excess (New Horizons). M11: New 

Horizons Optical Background Excess Read by SCT as the Deeper Ledger.

168.  Quasar Optical-Polarization Alignments (Gpc Scales).  M3: Gpc 

Quasar Polarization Alignments Explained by SCT J Inheritance.

169.  Lithium-7  Plateau  Discrepancy  (Spite).  M2:  An  Honest  Non-

Resolution.

170. Delta Reion Timing. M2: The Epoch Was Always Plural.

171.  Ω_b from BBN vs CMB. M6: Omega_b BBN versus CMB Gap 

Read by SCT as Acoustic Chain Bias.



172. 21 cm Global Signal. M11: The Backlight Was Already Predicted 

Brighter.

173. Baryon-to-Photon Ratio (Emergent). M2: Baryon-to-Photon Ratio 

Derived by SCT Cascade Geometry at 0.17 Sigma.

174. Helium-4 Plateau Shift. M2: SCT Shares the Jeopardy Honestly.

175. Strong CP Non-Solving. M11: A Parameter With a History.

176. He-4 Abundance. M2: SCT Commits to the Standard Plateau with 

Declared Stakes.

177.  Fine-Structure-Constant  Spatial  Dipole  (Disputed).  M6:  SCT 

Predicts Structured Variation with the Coherence Field.

178. D/H Ratio. M2+M11: One Ratio, Many Histories.

179. He-3 Constraints. M11: The Helium-3 Problem Reframed by SCT 

Baseline Reservoir Dominance.

180.  Reionization  Photon-Budget  Crisis  (JWST).  M4:  JWST  Photon 

Budget Crisis Resolved by SCT Deposited IGM Clumping.

181. Deuterium Scatter. M11: The Texture Is the Web's Processing 

History.

182.  Lyman-Alpha  Forest  Power  Deficit.  M6:  Suppression  Is 

Registered, Not Optional.

183.  Cosmic  Neutrino  Background.  M2:  Same Neutrinos,  Different 

Bookkeeping.

184.  Trans-Planckian  Problem  of  Inflation.  M1:  Trans-Planckian 

Problem Unasked by SCT Macroscopic Structure Generation.



185.  DAMA/LIBRA  Modulation  vs  Null  Replications.  M6:  SCT 

Registered the Silence.

186.  The  Baryon  Asymmetry  Problem.  M8:  The  Collision  Supplies 

What the Smoothness Starved.

187. Quasar Luminosity Function. M1: The Census Was Stocked at 

Deposition.

188. Hierarchy Problem (Planck vs Weak). M7: No Planck Wall to Fall 

From.

189. EDGES vs SARAS-3 Global 21 cm Contradiction. M1: SCT Covers 

Both Branches.

190. Anomalous Microwave Excess (AME). M3: Rotation Inherited All 

the Way Down.

191.  Spinning Dust  Peak Shift.  M3:  The Missing Spin-Up Force  Is 

History.

192. Halo Concentration Diversity. M6: The Third Dial Is Coherence.

193. Cluster Orientation Alignments. M3: A Boundary Condition, Not 

an Achievement.

194. Canis Major Overdensity. M3: Canis Major Overdensity Resolved 

by SCT as Deposited Disk-Edge Structure.

195. Point Source Foreground Overestimate. M11: CMB Point-Source 

Foreground Bias Predicted by SCT Deep Source Ledger.

196.  Monoceros  Ring.  M3:  Monoceros  Ring  Explained  by  SCT  as 

Native Deposited Disk Structure.

197. CO Contamination 1-10%. M11: CO Line Contamination of CMB 

Maps Read by SCT as a Fuller Molecular Sky.



198. Radio Loop Foregrounds. M11: Radio Loop Foregrounds Read by 

SCT as Inherited Magnetic Architecture.

199.  JWST  z  >  10  UV Luminosity-Function  Excess.  M1:  JWST UV 

Luminosity Function Excess Predicted by SCT Power-Law Census.

200. Laniakea Strands. M3: Laniakea Flow Strands Explained by SCT 

Inherited Stream Kinematics.

201.  Non-Thermal  Pressure  Fractions.  M1:  Low  Non-Thermal 

Pressure Fractions Explained by SCT Settled-at-Birth Clusters.

202. Galactic Plane Emission Model Fail. M11: The Medium Is Diverse 

by Inheritance.

203. Synchrotron Depolarization. M11: A Field With a Pedigree.

204. Eastern Bubbles. M11: A Symmetric Outflow Met a Structured 

Medium.

205. Free-Free Optical Depth. M11: More Than One Kind of Ionized 

Gas.

206. Dust-to-Gas Ratios.  M1: Early Dust Budget Crisis Resolved by 

SCT Factory-Count Head Start.

207. Shear B Modes. M6: Cosmic Shear B-Modes Read by SCT as the 

Mesh Vector Sector.

208.  Dust  Polarization  Fraction.  M11:  Two  Stubborn  Ends,  One 

Inherited Term.

209. Dust Lane Asymmetries. M3+M6: Held Off-Axis, Not Caught in 

Transit.

210.  HI  Mass  Function  High-Mass  Excess.  M11+M6:  Reservoirs 

Delivered, Then Held Gently.



211. Radio Relics and Halos. M1+M6: Radio Relic Efficiency Crisis 

Resolved by SCT Deposited Fossil Floor.

212. Bullet Cluster Shocks. M6: The Offset Without the Particle.

213. Lensed-Quasar Flux-Ratio Anomalies. M6: Flux-Ratio Anomalies 

Explained by SCT Amplified Visible Substructure.

214.  Cluster  Mass  Bias.  M6:  Two  Methods  Reading  Two  Different 

Masses.

215.  Cool  Core Dichotomy. M2: The Two Families Were Born,  Not 

Made.

216. Thermal SZ Power Spectrum. M6: The Registered Suppression 

Exponent.

217. Planck SZ Cluster Counts vs Primary CMB. M6: Planck SZ Count 

Tension Resolved by SCT Two-Mass Structure.

218.  Cluster  Cooling-Flow  Problem.  M1:  Cooling-Flow  Problem 

Resolved by SCT Relic Entropy Floor.

219. Splashback Radius Discrepancies. M6: Splashback Displacement 

Explained by SCT Coherence Boundary.

220.  El  Gordo  (ACT-CL  J0102-4915).  M1:  El  Gordo's  Forbidden 

Parameters Predicted by SCT Cascade Kinematics.

221.  Massive  High-z  Protoclusters  Too  Early.  M1:  Born-Hot 

Protoclusters Predicted by SCT Deposition Thermalization.

222.  Gas-DM  Offsets.  M6:  Gas-Lensing  Offsets  Explained  by  SCT 

Coherence Riding the Galaxies.

223. Kinetic SZ Null Hint. M5: Kinetic SZ Low Amplitudes Read by 

SCT as Apparent-Velocity Contamination.



224.  ICM  Metallicity  Gradients.  M11:  Enriched  Before  Assembly, 

Everywhere at Once.

225. X-Ray Cavities Mismatch. M11: More Engines on the Books.

226.  Cluster-Scale  Core-Cusp  (BCG/Strong-Lensing  Cores).  M6: 

Cluster Core-Cusp Problem Resolved by SCT Inward-Retiring Amplification.

227. Concentration-Mass Relation. M6: Concentration-Mass Relation 

Read by SCT as Coherence in an NFW Template.

228. Strong Lensing Arcs. M6: A Lens With Coherent Texture.

229. Entropy Floors. M1: ICM Entropy Floors Explained by SCT Relic 

Thermalization.

230.  Cluster  Substructure  Excess.  M6:  Cluster  GGSL Substructure 

Excess Explained by SCT Amplification Squared.

231. Pressure Turbulence Profiles. M1: Quiescent Cluster Turbulence 

Explained by SCT Settled Deposition.
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