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"It is to be presumed that they will give the result of their enquiries; or, in other 

words, embarrass and shackle the progress of improvement to-morrow by 
recording and registering as law the prejudices or errors of to-day" 

Isambard Kingdom Brunel 

ABSTRACT 
For a century, the singularity has been treated as a point of infinite density where physics breaks down. This conclusion is 
not a deduction from evidence, but a confession of theoretical limits. When equations produce infinity, they signal a regime 
boundary — not a physical reality.This paper continues the trilogy established in MATTER IS NOT ENOUGH: 
DENSITY-DRIVEN GRAVITY, EQUANIMITY: PK THEORY and FIRE-EATER. Here we present the Fifth State of matter: A finite, 
zero-entropy, timeless quantum-geometric condensate that replaces the singularity. At approximately 𝟒𝟎% of Planck 
density, matter organises into a tetrahedral lattice — a geometric archive where all quantum information is preserved 
topologically, not as thermal microstates, but as Chern-Simons invariants, linking numbers, and winding numbers. The 
event horizon becomes a phase boundary between the temporal exterior and the timeless interior. 
The Fifth State is defined by four absolute constraints: zero kinetic energy, absolute zero temperature, zero entropy, and 
the cessation of time. From these we derive a finite core radius 𝑹𝑷𝑲, always greater than the Planck length, preserving 
dimensional integrity across all mass scales. The MIMO (Matter In Matter Out) protocol resolves the information paradox: 
Information is not lost — it is geometrised with T=0,	S=0,	ke=0 and t=0 (g00=0) in the adiabatic system Epe	+	Eke	=	0. 
The Mandelstam–Tamm quantum speed limit 𝜏# ≥ 𝜋ℏ/2Δ𝐸 is rendered inapplicable, not violated. Time cannot remain 
frozen. The Heisenberg uncertainty principle forces the Planck Pivot: In exactly one Planck time, the lattice melts, decoding 
all baryonic information at the Bremermann limit. The maximum acceleration factor 𝑎̈max/𝑎 = 	 (8𝜋𝑐')/(3ℏ𝐺) reaches 
≈10()  s*+ — the snap of creation. The trigger is external to the horizon, as Δ𝑬→0,	and not internal: The horizon dissolves, 
and the stored strain energy is released 𝐻!"##$%&

(()*+,-) 	= 	𝑀/𝑐0 as all gravitational fields bound by the Big Bang eventually collapse. 
The constant 𝝌 = 𝟏. 𝟖𝟐𝟐 appears throughout: in the 𝟒𝒇/𝟑𝒇 cutoff, the harmonic spacing of extreme sources, the redshift 
walls at 𝝌 and 𝟏. 𝟓𝝌, and the angular harmonics of the cosmic web. It is derived from the thermodynamics of a bounded, 
expanding spherical cavity: 𝜒 = 2/𝜋+arccos	(1/3) × 𝑒 × (𝑇CMB/𝑇,), where 2/𝜋+ = 1/(3𝜁(2)) arises from the 
Bose-Einstein partition function, 𝐚𝐫𝐜𝐜𝐨𝐬	(𝟏/𝟑) is the tetrahedral dihedral angle, 𝒆 is Euler's number, 𝑻CMB = 𝟐. 𝟕𝟐𝟓𝟒𝟖 K 
is the CMB temperature, and 𝑻𝟎 ≈ 𝟏. 𝟎𝟏𝟒𝟔 K is the fundamental thermal pitch of the vacuum — within 𝟏. 𝟒% of 
exactly 𝟏 K. The residual is the acoustic dissipation factor 𝓗 = ∑𝟏/𝒌𝒍𝒏𝟐 , a physical consequence of viscous boundary layer 
losses in the primordial cavity. The same 𝓗 closes the vacuum catastrophe: the observed vacuum energy density 𝝆obs is 
obtained from the Planck density 𝝆𝑷 via 𝝆obs = 𝝆𝑷/𝓓, where 𝓓 = 𝓡𝟑 × [𝟏𝟔𝝅𝝂/(𝟑𝒄𝒔𝑹inner)] ×𝓗, with 𝓡𝟑 ∼ 𝟏𝟎𝟏𝟏𝟖 the 
volumetric ratio of the cavity boundaries. The deceleration parameter 𝒒𝟎 = +𝟎. 𝟏𝟕𝟖 and the Hubble constant 𝑯𝟎 =
𝟔𝟕. 𝟖 km/s/Mpc follow from first principles, in exact agreement with age-corrected supernova data (Son et al. 2025) and 
volume-prior-corrected distance ladder measurements (Desmond et al. 2025) and we derive a second non-circular 
falsification of Dark Matter. 
The Cosmological Principle is falsified at 𝟖𝟐𝟑𝝈. Dark matter and dark energy are unnecessary. Gravity responds to density 
gradients, not mass alone. The universe does not wind down to heat death — it winds up to gravitational consolidation. 
The Fifth State is not a point of destruction but a perfect, timeless, information-dense archive: The memory of The 
Universe, frozen in geometry, waiting for the next cycle. A single constant 𝝌 = 𝟏. 𝟖𝟐𝟐 — extracted across eleven surveys, 
phase-locked between hemispheres — resolves the vacuum catastrophe, the S₈ tension, the Hubble tension, and identifies 
dark matter as baryonic Hades stars while eliminating dark energy entirely. The probability that one constant would 
accidentally resolve multiple independent, long-standing discrepancies — including a 𝟏𝟎𝟏𝟐𝟐 order-of-magnitude 
catastrophe — is indistinguishable from zero. This is strong evidence along with harmonic detections exceeding 50𝛔 
that 𝝌 = 𝟏. 𝟖𝟐𝟐 is real, and that the χ-manifold is the correct description of our cosmos.  



PREFACE 
EINSTEIN'S WARNING 

 

In 1939, Albert Einstein published a paper in the Annals of Mathematics titled "On a Stationary System 
with Spherical Symmetry Consisting of Many Gravitating Masses”. His purpose was to determine 
whether physical matter could ever compress itself down to — or below — its own Schwarzschild 
radius. His conclusion was unequivocal: 

"The essential result of this investigation is a clear understanding as to why the 'Schwarzschild 
singularities' do not exist in physical reality." 

Einstein's reasoning was grounded in a simple physical limit: As a gravitating system contracts, its 
constituent particles must orbit faster to avoid falling into the centre. Before the outer edge of the 
system can reach the Schwarzschild radius, the required orbital velocity would exceed the speed of 
light. Therefore, he argued, matter cannot be concentrated arbitrarily. The singularity — a point of 
infinite density and zero volume — is not a physical prediction. It is a mathematical artefact. 

Einstein was not alone in his discomfort. For decades, the singularity theorems of Penrose and 
Hawking (1965–1970) proved that under reasonable physical conditions, classical general 
relativity does predict singularities. Oppenheimer and Snyder (1939) had already shown that a 
dynamic, pressure-less dust cloud could collapse past the Schwarzschild radius. Einstein's 1939 
objection seemed to have been overtaken by events, the trends of the day, of theorists with ‘beautiful 
equations’. But Einstein was not wrong. The father of General Relativity, whose mind gave birth to the 
equations that enable precise geophysical mapping and chronometry we all rely on, was absolutely 
correct: The classical singularity theorems assume a continuous, infinitely divisible spacetime. They 
assume that matter can be compressed without limit. They assume that the laws of physics remain 
valid at arbitrarily high densities and curvatures. These assumptions are not justified. They are 
mathematical idealisations that physics has inherited from the calculus, not from nature. 

Our  geometric condensate framework returns to Einstein's intuition. Matter cannot be concentrated 
arbitrarily. The Kepler-Hales packing theorem — proved by Hales in 1998 — establishes an absolute 
maximum density for identical spheres in three dimensions. The Fermi-Dirac step function at absolute 
zero temperature — a direct consequence of the Pauli exclusion principle — turns the quantum state 
space into a binary lock. Together, these principles show that gravitational collapse halts at a finite, 
critical density: 𝜌crit = 0.4𝜌!. The endpoint is not a singularity. It is the Fifth State: a finite, 
zero-entropy, timeless geometric condensate. 

Einstein's 1939 paper has been cited as a historical curiosity — a failed attempt to avoid black holes. 
This Preface rejects that reading. Einstein's conclusion was correct. His reasoning was incomplete 
because the physics of close-packing and quantum degeneracy was not yet available. The Fifth State 
completes what he began. 

The singularity crisis is not a crisis of nature. It is a crisis of models that mistake the map for the 
territory. The following Introduction restates the problem, and the sections that follow present the 
solution. Einstein's warning has waited eighty-seven years. It is time to answer it. 

This paper – the fourth in the HYDE EMPIRICAL SERIES – sets out to validate Albert Einstein  



EINSTEIN’S 1939 CONSTRAINT 
VALIDATION 

 
In 1939, Einstein argued that matter cannot be concentrated arbitrarily because before the outer edge of a 
collapsing system could reach the Schwarzschild radius, the required orbital or infall velocity would exceed the 
speed of light. This paper demonstrates that the Fifth State framework satisfies Einstein’s constraint explicitly. 
The critical density ρcrit = 0.4ρ& halts gravitational collapse at a finite radius R&', ensuring that the infall speed 
never exceeds c at any stage. The derivation uses only classical general relativity, the Kepler-Hales packing 
theorem, and the lattice dynamics of the Fifth State. 

Introduction 
Einstein’s reasoning was based on a simple physical limit: As a gravitating system contracts, its constituent 
particles must orbit faster to avoid falling into the centre. Before the outer edge of the system can reach the 
Schwarzschild radius, the required orbital velocity would exceed the speed of light. Therefore, he argued, 
matter cannot be concentrated arbitrarily — the infinite singularity is a mathematical artefact, not a physical 
prediction. The Fifth State framework returns to Einstein’s intuition. Matter cannot be concentrated arbitrarily: 
The Kepler-Hales packing theorem establishes an absolute maximum density for identical spheres in three 
dimensions. The Pauli exclusion principle at absolute zero turns the quantum state space into a binary lock. 
Together, these principles show that gravitational collapse halts at a finite, critical density: 

𝛒crit ≈ 𝟎. 𝟒 𝛒𝐏,  𝛒𝐏 =
𝐜𝟓

ℏ𝐆𝟐
 

The endpoint is not an infinite singularity but the Fifth State: a finite, geometric condensate with core radius: 

𝐑𝐏𝐊 = q
𝟑𝐌

𝟒𝛑𝛒crit
u
𝟏/𝟑

 

We verify that during the collapse leading to the Fifth State, the infall velocity of matter 
never exceeds the speed of light, thereby satisfying Einstein’s constraint. 

Infall Velocity in a Collapsing System 
Consider a spherically symmetric system of total mass M collapsing under its own gravity. For a test particle at 
radius r (measured from the centre), the Newtonian infall speed (a valid approximation outside the strong-field 
region) is given by energy conservation: 

𝟏
𝟐𝐯infall(𝐫)𝟐 =

𝐆𝐌(𝐫)
𝐫

 

where M(r) is the mass enclosed within r. 
For a uniform density ρ, M(r) = 8

9
πr9ρ, so 

𝐯infall(𝐫) = {𝟖𝛑𝐆𝛒
𝟑  𝐫 

The maximum infall speed occurs at the largest radius — the outer boundary of the collapsing region, R. For 
the total mass M, 

𝐯infall(𝐑) = {𝟐𝐆𝐌
𝐑

 

This is exactly the Newtonian escape velocity from the mass M at radius R. 

Einstein’s Constraint 
Einstein’s 1939 argument can be stated as follows: for collapse to proceed without violating special relativity, 
the outer boundary R must satisfy 

{𝟐𝐆𝐌
𝐑 < 𝐜  ⇒ 𝐑 >

𝟐𝐆𝐌
𝐜𝟐 ≡ 𝐫𝐬 

where r+ is the Schwarzschild radius. 
In other words, the outer boundary must remain outside the Schwarzschild radius at all times before the system 
reaches its final state. If the boundary ever fell inside r+, the required infall speed would exceed c, which is 
impossible. Therefore, matter cannot be concentrated below the Schwarzschild radius — i.e., no singularity can 
form. 



The Fifth State Halting Condition 
In the Fifth State framework, collapse does not proceed indefinitely. When the density reaches ρcrit = 0.4ρ&, 
the matter undergoes a phase transition into a rigid tetrahedral lattice. The radius at which this occurs for a 
given mass M is 

R;< = q
3M
4πρcrit

u
=/9

 

At this point, the system has already formed an event horizon (R&' < r+), but the outer boundary of the 
collapsing matter is at the horizon, not at the core. The relevant radius for Einstein’s constraint is the horizon 
radius r+ itself, because the outer edge of the infalling material is at the horizon. 
We must now carefully check that the infall speed at the horizon remains less than c. For a black hole of mass 
M, the infall speed of a particle radially approaching the horizon approaches c from below in general relativity. 
This is physically allowed and does not violate causality. Einstein’s objection was about the formation of the 
horizon: Before the horizon appears, the outer boundary must stay outside r+ to keep infall speeds 
sub-luminous. In standard Oppenheimer-Snyder collapse, this condition holds — the horizon forms at a finite 
time, and the infall speed never exceeds c. 
The Fifth State modifies the endpoint but not the infall dynamics before horizon formation. The critical density 
ρcrit is reached after the horizon has already formed. Therefore, Einstein’s constraint is automatically satisfied: 
During the entire collapse up to horizon formation, the infall speed remains ≤ c. 

Quantitative Verification 
We can bound the infall speed at the moment when the collapsing core reaches ρcrit. At that moment, the 
radius is R&'. The infall speed (if the material were still moving freely) would be 

𝐯infall(𝐑𝐏𝐊) = {
𝟐𝐆𝐌(𝐑𝐏𝐊)

𝐑𝐏𝐊
 

However, inside the horizon the concept of “infall speed” as measured by a distant observer is not 
straightforward. Instead, we use a safer argument: 
The ratio of the core radius to the Schwarzschild radius is 

𝐑𝐏𝐊
𝐫𝐬

=
; 𝟑𝐌
𝟒𝛑𝛒crit

?
𝟏/𝟑

𝟐𝐆𝐌
𝐜𝟐

= A
𝟑

𝟒𝛑 ⋅ 𝟎. 𝟒𝛒𝐏
C
𝟏/𝟑 𝐜𝟐

𝟐𝐆𝐌𝟐/𝟑 

Substituting ρ& = c1/(ℏG2) gives 

𝐑𝐏𝐊
𝐫𝐬

= F
𝟑ℏ𝐆𝟐

𝟏. 𝟔𝛑𝐜𝟓
I
𝟏/𝟑 𝐜𝟐

𝟐𝐆𝐌𝟐/𝟑 

For any astro-physically relevant mass (M ≫ m&), this ratio is extremely small: R&' ≪ r+. Hence the core lies 
deep inside the horizon. The infall speed at the horizon, however, is always less than c in any valid solution of 
general relativity. The Fifth State does not alter this fact; it merely provides a finite endpoint inside. 
Thus, Einstein’s 1939 constraint is satisfied: The outer boundary of the collapsing system never requires 
super-luminous infall, when the infinite singularity is replaced by a finite, physical condensate. 

CONCLUSION 
We have shown explicitly that the Fifth State framework respects Einstein’s 1939 prohibition, effectively made 
against infinite concentration. The critical density ρcrit = 0.4ρ& halts gravitational collapse at a finite radius R&' 
well inside the event horizon. During all stages preceding the formation of the horizon, the infall speed remains 
subluminal, consistent with both general relativity and special relativity. The singularity is avoided not by 
violating Einstein’s constraint, but by obeying it — matter simply cannot be compressed beyond the 
Kepler-Hales packing limit. 

 
The Fifth State is therefore the physical realisation of Einstein’s intuition, completed by the 

geometric and quantum principles that were not available to him in 1939. 

  



PRELIMINARY STATEMENT 
THE FLRW METRIC AND THE GAUSSIAN RANDOM FIELD ASSUMPTION 

 
The Friedmann–Lemaître–Robertson–Walker (FLRW) metric is the standard solution of Einstein’s field 
equations for a homogeneous, isotropic expanding universe. In spherical coordinates, it takes the form: 

𝐝𝐬𝟐 = −𝐜𝟐𝐝𝐭𝟐 + 𝐚(𝐭)𝟐 �
𝐝𝐫𝟐

𝟏 − 𝐤𝐫𝟐 + 𝐫
𝟐𝐝𝛀𝟐� 

where a(t) is the scale factor, k is the spatial curvature, and 𝐝𝛀𝟐 = 𝐝𝛉𝟐 + 𝐬𝐢𝐧𝟐𝛉 𝐝𝛟𝟐. 

The metric is derived under the assumption of the Cosmological Principle as a conceptual shift adopted from 
Newton (1687): The universe is infinite, filled uniformly with matter (stars), and operates by the same physical 
laws everywhere. Space exists independently as an "absolute" receptacle 

Thus, on sufficiently large scales, the universe is statistically homogeneous and isotropic .The modern ΛCDM 
model extends this assumption by positing that the initial density perturbations from which all structure formed 
constitute a Gaussian random field (GRF) . A GRF is defined by the probability functional: 

𝓟𝐆[𝛅𝐟] ∝ 𝐞𝐱𝐩 �−
𝟏
𝟐∫ 𝐝

𝟑𝐱 𝐝𝟑𝐲 𝛅𝐟(𝐱) 𝓚(𝐱, 𝐲) 𝛅𝐟(𝐲)� 
where 𝓚(𝐱, 𝐲) is a kernel related to the covariance . 

Equivalently, the n-point joint probability distribution is multivariate Gaussian: 

𝓟𝛅𝐟({𝐚𝐧}, {𝐱𝐧}) =
𝟏

�(𝟐𝛑)𝐧𝐝𝐞𝐭𝐂
𝐞𝐱𝐩�−

𝟏
𝟐  𝐚𝐢

𝐧

𝐢,𝐣E𝟏

𝐂𝐢𝐣*𝟏𝐚𝐣¡ 

with 𝐂𝐢𝐣 = 𝛏£¤𝐱𝐢 − 𝐱𝐣¤¥ the two-point correlation function. 

A critical property of a GRF is that its Fourier phases are independent and uniformly random on [0,2π] . The 
power spectrum P(k) determines only the amplitudes; the phases are stochastic. Consequently, a GRF cannot 
produce quantised, phase-locked, harmonic structure. Any deviation from random phases is, by definition, 
non-Gaussian . As the NASA/IPAC Extragalactic Database notes: 

“Gaussian random fields possess Fourier modes whose real and imaginary parts are independently 
distributed. In other words, they have phase angles 𝜙3 that are independently distributed and 

uniformly random on the interval [0,2𝜋].” 

The ΛCDM model explicitly adopts the GRF assumption for its initial conditions and The Planck collaboration’s 
best-fit parameters (e.g., Ω4 = 0.315 ± 0.007, Ω5 = 0.685 ± 0.007, n+ = 0.9649 ± 0.0042) are derived 
under this assumption. The model’s predictions for the cosmic microwave background, large-scale structure, 
and the growth of clustering all rest on the premise that the initial density field was a GRF. The narrative that 
ΛCDM "predicted the CMB" is historically inaccurate. The CMB was a key piece of evidence that led to the 
development of the hot Big Bang model, which later evolved into ΛCDM. The true "prediction" of ΛCDM was 
the specific pattern of fluctuations within the CMB. 

The Hyde Empirical Series (Hyde 2026a–l) 
The Starkness test — a variance measure of binned redshift counts — compared the real data to a null 
hypothesis of uniform random distribution. The results are unambiguous: 

Stouffer weighted combined significance: 𝟖𝟐𝟑𝛔,  𝐩 < 𝟏𝟎§𝟏𝟒𝟔𝟎𝟎𝟎. 
The probability that a Gaussian random field could produce the observed phase-locked, quantised structure 
(harmonic walls at χ and 1.5χ, phase shift 0.00 Mpc between hemispheres, angular harmonics at χ/n) is 
indistinguishable from zero. Therefore, the foundational assumption of ΛCDM — that the universe is a Gaussian 
random field — is empirically falsified. Any component of ΛCDM that depends on this assumption (including its 
inference of non-baryonic dark matter and dark energy) is built on a falsified foundation. The following sections 
present the positive alternative: the Fifth State of matter, the geometric condensate, and the χ-manifold. 
 
Peacock, J. A. 1999, Cosmological Physics, Cambridge University Press, p. 342 
Coles, P. 2001, “Large-scale Structure, Theory and Statistics,” in Encyclopedia of Astronomy and Astrophysics, ed. P. Murdin, Institute 
of Physics Publishing, Article 1890 
Bardeen, J. M., Bond, J. R., Kaiser, N., & Szalay, A. S. 1986, “The statistics of peaks of Gaussian random fields,” Astrophysical Journal, 
vol. 304, pp. 15-61 
Liguori, M., Sefusatti, E., & Komatsu, E. 2010, “Primordial non-Gaussianity and the cosmic microwave background,” Advances in 
Astronomy, vol. 2010, 2010, 980523 
Planck Collaboration (Aghanim, N., et al.) 2020, “Planck 2018 results. VI. Cosmological parameters,” Astronomy & Astrophysics, vol. 
641, A6  



INTRODUCTION 
THE SINGULARITY CRISIS 

 
 
General relativity predicts that gravitational collapse proceeds inexorably to a singularity: a point of zero volume 
and infinite density where the metric becomes degenerate (R = 0), curvature invariants diverge, and all known 
laws of physics cease to operate. For a Schwarzschild black hole of mass M, the singularity resides at r = 0, 
hidden behind an event horizon at r+ = 2GM/c2. Within classical general relativity, this outcome is unavoidable 
once collapse proceeds beyond horizon formation. 
Yet infinity is not a physical quantity — it is a mathematical signal that a theory has been extended beyond its 
domain of validity. It is clearly absurd: A zero volume entity in which density is infinite contravenes any physical 
process. Infinity does not exist in the real sense and is solely the preserve of mathematicians. If something is 
zero, it is nothing, and nothing cannot have any effect at all precisely because it is nothing. As a canny 
Yorkshireman might conclude: “Thee can’t get ‘owt from n’owt”. 
When density approaches the Planck scale ρPlanck = c1/(ℏG2) ≈ 5.16 × 1067 kg/m8, quantum-gravitational 
effects must become dominant. The singularity predicted by classical relativity is not a description of reality but 
an artifact of ignoring these effects. 

Fritz Zwicky: The Visionary Who Was Ignored 
In 1933, Fritz Zwicky examined the Coma Cluster of galaxies. Applying the virial theorem to the velocities of its 
members, he found a staggering discrepancy: the dynamical mass exceeded the visible mass by a factor of 
nearly 400. He called this missing component dunkle Materie – dark material. Crucially, Zwicky did not propose 
an exotic new particle. He was a physicist of the old school – grounded, empirical, sceptical of mathematical 
fictions. He argued that the missing mass was ordinary matter: cold gas, dust, faint stars, and compact 
remnants. He called the most extreme form of such remnants Hades Stars – finite, collapsed objects so dense 
and dark that they would be nearly impossible to detect. 
Zwicky also rejected the notion of a gravitational singularity. He understood that infinity is not a physical 
quantity; it is a signal that a theory has broken down. He insisted that collapse must end in a finite, physical 
state – a compact object with definable material properties. For this he was ridiculed, marginalised, and ignored. 
His "Hades Stars" were forgotten. His "Dunkle Materie" was appropriated by a later generation, stripped of its 
baryonic meaning, and rebranded as non-baryonic dark matter – a particle that has never been detected after 
four decades of dedicated search. 
The modern ΛCDM model inherited Zwicky’s anomaly but erased his intuition. It assumed the Cosmological 
Principle – that the universe is a homogeneous, isotropic Gaussian random field – a postulate adopted for 
mathematical convenience, not demanded by evidence. When the missing gravity persisted, the model 
invented exotic particles (WIMPs, axions) to compensate and when the expansion appeared to accelerate, it 
invented dark energy. As we stand today, in the era of “Lambda Cold Dark Matter”, 95% of the energy budget 
of the Universe is attributed to invisible, undetected components.  
This paper – and the third of the Hyde Theoretical Papers1  – is a direct response to Zwicky’s unfinished 
revolution. We take his original intuition seriously: Dark material is the baryonic gravitational collapse that 
terminates in a finite volume and finite density, and the universe is not a random fog but a structured, quantised 
manifold, dictated by the fossilised standing waves of matter accretion of the immediate post-era Big Bang 
bounded fluid. We provide the mathematical framework as his intellectual legacy dictates: 

• Density-Driven Gravity (Paper 1): Gravity responds to density gradients, not mass alone – explaining galactic 
dynamics without exotic dark matter. 

• The Potential-Kinetic Cycle (Paper 2): The universe cycles between kinetic expansion and potential storage, 
resolving the Hubble and S! tensions. 

• The Fifth State (Paper 3): A finite, zero-entropy, timeless geometric condensate – the physical realisation of 
Zwicky’s Hades Star – replaces the classical singularity. 

We also present the empirical evidence Zwicky could not possess: A quantised cosmic web with harmonic walls 
at χ = 1.822, a phase-locked lattice across hemispheres, and a census of 4 × 1096 stellar-mass black holes 
(Sicilia et al. 2022) that serve as the gravitational anchors he intuited. 
This framework is, by extension and by default, the necessary examination of Zwicky’s "Dunkle Materie" 
premise. The Fifth State is his Hades Star. The black hole network is his dark material. The χ-manifold is the 

 
1 PAPER 1: HYDE 2026m “MATTER IS NOT ENOUGH – DENSITY DRIVEN GRAVITY” 
PAPER 2: HYDE 2026n “EQUANIMITY – PK THEORY” 



quantised cosmic web he glimpsed but could not prove. We stand on his shoulders – not because he was 
perfect, but because he was right when the fashion said he was wrong. 
The impossibility of a physical singularity can be demonstrated through six fundamental violations of 
conservation laws: 

1. Density Destruction: Infinite density (ρ = M/0) violates mass-energy conservation. No finite mass can 
be contained in zero volume. 

2. Dimensional Destruction: A point of zero length (L = 0) destroys the geometric fabric of spacetime. 
Dimensions cease to exist. 

3. Thermodynamic Inversion: The third law of thermodynamics permits approach to absolute zero but 
forbids reaching it. A singularity with T < 0 would violate this principle. 

4. Information Inversion: The Bekenstein-Hawking entropy SBH = k:A/f4ℓ&2h is finite for any black hole. 
A singularity with S < 0 would violate the second law and the statistical interpretation of entropy. 

5. Breakdown of Physics: All conservation laws — energy, momentum, charge, baryon number, lepton 
number — cease to apply at a singularity. Physics would have no predictive power. 

6. Failure to Conserve Mass: A zero-volume region cannot contain the conserved mass M that collapsed 
to form it. 

These impossibilities compel a single conclusion: The singularity cannot be a point of infinite density. It must be 
a finite, physical state of matter. This paper presents that state. 
The Fifth State Thesis 
We propose that the endpoint of gravitational collapse is not a singularity but a Fifth State of matter — a 
quantum-geometric condensate existing at approximately 0.4 Planck density. In this state: 

• Time ceases (t = 0) 
• Temperature reaches absolute zero (T = 0 K) 
• Entropy vanishes (S = 0) 
• Kinetic energy is zero (E' = 0) 
• All quantum information is preserved topologically 

Geometric Condensate, Not a Crystal 
The Fifth State is sometimes described metaphorically as a "crystal" — a regular, repeating arrangement of 
tetrahedra. This analogy is helpful for visualising the lattice structure, but it must not be taken literally. The Fifth 
State is not a crystal. 
A crystal is composed of atoms, retains zero-point motion, has positive entropy, exists at temperatures above 
absolute zero, and is held together by electromagnetic forces. The Fifth State, by contrast: 

• Is composed of geometry itself — tetrahedra of spacetime, not atoms. 
• Has no kinetic energy — E' = 0. 
• Has zero entropy — S = 0 (a single topological microstate). 
• Reaches exactly T = 0 K — not asymptotically, but by geometric compression. 
• Is timeless — t = 0. 
• Is held together by gravity — the ultimate binding force, not electromagnetism. 

The Fifth State is a geometric condensate — a state of matter beyond thermodynamics, where matter and 
energy are combined by the extreme geodesic of matter-energy density. Gravity provides the effective force 
until combination and condensation are complete. At that point, gravity as a force ceases because there is no 
further geodesic to follow. 
The term "crystal" is a useful heuristic, but the Fifth State is fundamentally different. It is the finite, zero-entropy, 
timeless endpoint of gravitational collapse — Zwicky’s Hades Star, realised. 
The event horizon functions as a phase boundary between two regimes of the same underlying field ℱprimal: the 
exterior, where time flows and information processes, and the interior, where information is archived in a 
timeless, zero-entropy lattice. 
This framework resolves the Hawking information paradox, not by destroying information, but by geometrising 
it. Information is not lost; it is translated from thermal microstates to topological invariants in a tetrahedral 
Planck-scale lattice. When event horizons dissolve in the final stage of cosmic evolution, the Heisenberg 
Uncertainty Principle compels an instantaneous phase transition — the Big Bang Inversion (BBI) — rebooting 
the universe within one Planck time 𝑡; = mℏ𝐺/𝑐1 ≈ 5.39 × 10<== s. 

  



SECTION 1 
THERMODYNAMIC GROUNDING 

 
Before examining the properties of the Fifth State, we must first recall the established thermodynamics of 
compression and phase change. These principles are not controversial; they are taught in every introductory 
physics course. Yet they are routinely ignored when discussing black holes and singularities. 
Gas Compression: Work, Order, and Heat Release 
When a gas is compressed, work is done on the system. Boyle’s law tells us that for a fixed mass of gas at 
constant temperature, pressure and volume are inversely proportional: 𝑝𝑉 = constant. To compress a gas, 
work must be done. That work increases the internal energy of the gas, and if the compression is done 
isothermally, the heat equivalent of the work must be rejected to the surroundings. The gas becomes more 
ordered (its molecules are forced into a smaller volume), and its ability to occupy microstates is reduced. The 
system entropy decreases; the surroundings entropy increases. 
This is the principle behind the refrigeration cycle: A gas is compressed, it heats up, it rejects heat to the 
environment, it condenses into a liquid (releasing latent heat), and then it expands, absorbing heat from the 
cold reservoir. The system (the refrigerant) becomes more ordered; the entropy of the surroundings increases. 
The Second Law is satisfied locally and globally. 
Phase Changes: Order Increases, Heat is Released 
When a liquid freezes into a solid, its entropy decreases. The latent heat of fusion is released to the 
environment. The solid is more ordered than the liquid; its molecules are locked into a lattice. 
When a gas condenses into a liquid, its entropy decreases. The latent heat of vaporisation is released. Again, 
the system becomes more ordered; the surroundings absorb the entropy. 
These are everyday phenomena. There can be no valid claim that freezing water violates the Second Law. The 
entropy of the ice is lower than the entropy of the water; the entropy of the room increases because it receives 
the latent heat. The total entropy of the universe increases. 

Gravitational Compression: The Ultimate Ordering Process 
Gravitational collapse is the most extreme form of compression. A diffuse cloud of gas — with high entropy, 
many degrees of freedom — collapses under its own gravity. Work is done by gravity on the gas. The gas heats 
up, radiates energy, and becomes more compact. A star forms. The star is more ordered than the original cloud; 
its entropy is lower. 
If the star is sufficiently massive, it collapses further to a neutron star or a black hole. A neutron star is an 
ordered lattice of neutrons — far lower entropy than the hot plasma that preceded it. A black hole, in the Fifth 
State framework, is the ultimate ordered state: a geometric condensate with zero entropy, zero kinetic energy, 
zero temperature, and the cessation of time. 
In each stage, entropy is not destroyed; it is expelled as radiation, gravitational waves, and heat. The system 
becomes more ordered; the surroundings absorb the entropy. The Second Law is satisfied. 
The Error of Hawking–Bekenstein 
The standard interpretation of black holes assigns them a vast entropy proportional to the area of the event 
horizon, 𝑆BH = 𝑘>𝐴/4ℓ;2 . This is derived from the assumption that the interior is a thermal system with a huge 
number of microstates. But this assumption contradicts everything we know about compression and phase 
change. 
Compression does not increase entropy, it decreases it. Gravitational collapse does not create a thermal bath; 
it creates an ordered structure. The black hole interior, in the Fifth State framework, is not a thermal state but  
a geometric condensate with 𝑆 = 0. There are no microstates for matter to move to. There is no uncertainty 
about the energy in the next time period. The entropy of a black hole is a property of the horizon, not the 
interior. 
When we encounter the singularity theorems of classical general relativity, we should recall these simple facts. 
Infinity is not a physical quantity. Infinite density is not a physical state. The equations, when calculating an 
infinity result, are telling us that we have breached the limit of their validity. The true endpoint of gravitational 
collapse is not a singularity but a finite, zero-entropy, timeless geometric condensate: The Fifth State. 
This is not a violation of thermodynamics. It is thermodynamics — applied to the most extreme conditions in 
the universe. 
  



SECTION 2 
THE FIVE THEOREMS 

 
The Fifth State of matter rests upon five foundational theorems, each derivable from first principles. Together, 
they establish the logical architecture of the quantum-geometric condensate that replaces the classical 
singularity. 

THEOREM 1: The Structured Ground State 
The lattice Hamiltonian has a unique ground state (Refer to APPENDIX A). At approximately 40% of Planck 
density, matter organises into a tetrahedral quantum-geometric lattice with a unique ground state 
configuration. This lattice maintains near-zero entropy while preserving complete quantum information 
through macroscopic topological order — not in thermal microstates, but in the structured defects and 
connections of the geometry itself. The critical density emerges from geometric packing efficiency and 
zero-point energy corrections where Tetrahedra pack with maximum efficiency: 

𝜼 = 𝝅/f𝟑√𝟐h ≈ 𝟎. 𝟕𝟒𝟎𝟒𝟖 
Kepler conjecture, proved by Hales. 

Zero-point energy per tetrahedron: 

𝑬𝒛𝒑 =
𝟏
𝟐
ℏ𝝎 =

𝟏
𝟐
𝒎𝒑𝒄𝟐 

increases the effective volume by a factor 𝜶 = 𝟏. 𝟓 
Combining these: 

𝝆crit =
𝜼
𝜶
 𝝆𝑷  𝝆𝑷 =

𝒄𝟓

ℏ𝑮𝟐
 

which with 𝜂 ≈ 0.6 (plausible for a chiral tetrahedral lattice) yields 

𝝆crit ≈ 𝟎. 𝟒 𝝆𝑷 

If we now consider other packing efficiencies, from 0.74048 (Kepler-Hales) to loose packing, 	
𝝆crit << 𝟎. 𝟒 𝝆𝑷	

PACKING EFFICIENCY 𝜼 𝛒crit/𝛒𝐏 𝛒crit < 𝛒𝐏 
MAXIMAL 0.74048 0.49 Yes 
LIKELY 0.6 0.4 Yes 
LOOSE 0.5 0.33 Yes 

THEOREM 2: The Absolute Zero Corollary 
Temperature vanishes in the Fifth State not due to absence of energy, but because entropy approaches a 
constant minimum while energy reaches its gravitational ground state. Zero temperature here is a feature of 
maximum geometric organisation, not of energetic poverty. From THEOREM 1, the lattice ground state has a 
single microstate: 

𝜴 = 𝟏 
The Boltzmann statistical definition of entropy gives: 

𝑺 = 𝒌𝑩𝐥𝐧𝜴 = 𝟎 
With entropy constant at its minimum, the thermodynamic definition of temperature yields 

𝑻 = (𝛛𝑺/𝛛𝑬)<𝟏 = 𝟎 K 
With zero KE within the material, the microstate uncertainty is inapplicable as there is change to the microstate 
is not possible and occupied exactly by one Fermi-Dirac status fermion (refer to SECTION 3). Absolute 
certainty is not forbidden by quantum mechanics. It is forbidden only when there is the possibility of change. In 
a system where change is geometrically impossible, certainty is not a violation. It is the default state. Therefore, 
the Heisenberg momentum and position uncertainty, when related to energy as derived by Mandelstam and 
Tamm, is thus: 

∆𝔼∆𝒕 = 𝟎 ∙ ∞ 
Formally, the Mandelstam–Tamm relation 𝜟𝑬 ⋅ 𝝉𝑨 ≥ ℏ/𝟐 requires 𝒅⟨𝑨⟩/𝒅𝒕 ≠ 𝟎. 

When all observables are stationary, 𝝉𝑨 is undefined (or infinite), and the inequality 
imposes no constraint on 𝜟𝑬. Hence 𝜟𝑬 = 𝟎 is permitted 



THEOREM 3: Cycle Consistency 
The cosmic cycle — from expansion through collapse to rebirth — preserves total energy, complete quantum 
information, and quantum unitarity through geometric encoding. Each cycle expresses the same information in 
new configurations. Therefore: 

a. Energy conservation across cycles requires 
𝑬total,𝒏 = 𝑬total,𝒏F𝟏 

b. Information conservation requires that the encoding map ℳ from particle states to 
geometric defects be injective and reversible: 

𝑰𝒏 = 𝑰𝒏F𝟏 ⇔𝓜: |𝝍⟩particle → 𝑰(𝝍)lattice 
 
The proof relies on Chern-Simons invariants and linking numbers, which are invariant under continuous 
deformations of the lattice (Refer to APPENDIX B). 

THEOREM 4: Topological Information Preservation2 
The mapping from quantum particle states to geometric lattice defects is exact and injective, preserving all 
quantum information through Chern-Simons invariants and linking numbers: Information cannot be lost 
because geometry cannot forget its own shape. 
The encoding map ℳ satisfies  

𝓜:𝓗particle ↪𝓗defect 
Each quantum number maps to a topological invariant: 

Spin ↔ twist defect winding number,
Baryon number ↔ disclination charge,

Charge ↔ Chern-Simons level,
Lepton number ↔ linking number of defect loops.

 

The map is injective: 
if |𝜓9⟩ ≠|𝜓2⟩, then their topological images are 𝑰(𝝍𝟏) ≠ 𝑰(𝝍𝟐). 

THEOREM 5: The Chiral Exclusion Principle 
In a simply-connected tetrahedral lattice with positive-definite spatial curvature, only matter configurations 
(positive winding number) are topologically stable. Antimatter configurations (negative winding number) are 
geometrically excluded. This is a one half of the MIMO Protocol – “Matter In Matter Out” – the other half being 
the annihilation of Matter and Anti-Matter at the event horizon or during infall (Refer to Hyde 2026n 
“EQUANIMITY” and Hyde 2026o “FIRE-EATER”) 

STAGE MECHANISM CONSEQUENCE 

1. Scarcity The universe is already matter-dominated at formation 
(baryon asymmetry inherited from the previous cycle). 

Antimatter is rare as a 
natural occurrence. 

2. Annihilation 
Any antimatter that does fall toward a black hole 
encounters ordinary matter during infall, annihilating into 
high-energy photons. 

Antimatter is converted 
to energy before 
reaching the core. 

3. Geometric exclusion 
In a simply-connected tetrahedral lattice with 
positive-definite spatial curvature, antimatter 
configurations are topologically unstable. 

The lattice cannot stably 
encode antimatter even 
if it reached the core. 

 
This provides a first-principles explanation for the observed baryon asymmetry: 

𝜼 =
𝒏𝑩
𝒏𝜸

≈ 𝟔. 𝟏 × 𝟏𝟎<𝟏𝟎 

The geometric exclusion of antimatter is not merely another prediction — it is a first-principles resolution to 
one of the most stubborn puzzles in physics: Why is there something rather than nothing? More precisely: why 
is there matter rather than equal parts matter and antimatter? Our answer is geometric, necessary, and 
testable. 
The baryon asymmetry 𝛈 ≈ 𝟔. 𝟏 × 𝟏𝟎<𝟏𝟎 is not a free parameter in this framework. It is a consequence of the 

 
2 THE STATEMENT THAT THE LATTICE ACTS AS A TOPOLOGICAL QUANTUM MEMORY IS NOT A NOVEL CLAIM AND WELL COVERED BY KITAEV ET AL 



winding number distribution in the tetrahedral lattice at the Planck Pivot. The exact numerical value requires a 
full quantum field theory of the decoding process, which is beyond the scope of this paper. However, the chiral 
exclusion (Theorem 5) guarantees that any asymmetry must be matter-dominated, and the MIMO protocol 
ensures that only matter is archived from the previous cycle. The smallness of the asymmetry reflects the slight 
excess of positive winding modes over zero winding modes in the lattice ground state 
The MIMO protocol does not generate the baryon asymmetry. It assumes the universe is already 
matter-dominated — an observed fact. The protocol then ensures that this asymmetry is preserved across the 
cosmic cycle: only matter is encoded in the Fifth State, and only matter is expressed in the next cycle. Any 
antimatter that falls into a black hole annihilates before reaching the core. The lattice itself is chirally neutral; it 
does not favour matter over antimatter. It simply archives what it is given.  
Even if — hypothetically — antimatter were somehow encoded into the lattice (contradicting this  THEOREM 
5), or if the decoding process made a "parsing error" and produced antimatter, that antimatter would not 
survive: The primordial immediate post era Big-Bang fluid is a fermion-boson plasma with a specific chiral 
structure. It is built from right-screw (matter) fermions and their corresponding bosons. 
Antimatter fermions (left-screw relative to the fluid's orientation) would be incongruous — they would not 
couple correctly to the boson fields. The result would be instant annihilation: Any antimatter produced would 
annihilate with the ambient matter, converting its mass eventually into high-energy photons — kinetic energy 
ie  heat and  radiation. Photons (the CMB) did not emerge until recombination, about 380,000 years after the 
Big Bang. Before that, the universe was a hot, opaque plasma of fermions and bosons in thermal equilibrium. 
Photons were constantly scattered — they were not free to travel. If antimatter were produced during the 
decoding process (the Planck Pivot), it would not immediately become observable photons. It would annihilate 
with matter, producing high-energy gamma rays, but those gamma rays would be immediately absorbed and 
thermalised by the dense plasma. They would not escape. They would simply heat the plasma and the energy 
would not be "lost". It would be converted into thermal kinetic energy — increasing the temperature of the 
primordial fluid. 
The net effect is that the fluid self-corrects. The energy of the antimatter is not lost; it is converted to heat, 
which contributes to the thermal history of the universe. But the matter-antimatter asymmetry remains. 
The Geometric Chiral Lock 
Picture the tetrahedral lattice as a cosmic combination lock. The teeth of the key are the quantum numbers of 
particles. Matter fits the tumblers one way; antimatter would require the mirror-image key — but the lock only 
turns clockwise. This is not a dynamical preference (like slightly more matter being created in the early universe) 
but a topological exclusion: Antimatter configurations are simply unstable in a simply-connected, 
positively-curved Planck lattice. They would unravel, decay, or reconfigure into matter states — similar to 
left-handed thread trying to screw into a right-handed nut. 
Consider the holonomy around a defect: 

𝓗 = 𝓟𝒆∮ 𝑨 
WHERE: 

(Holonomy) 
• The holonomy of a connection around a closed loop. 
• It measures how a vector or spinor is transformed after being parallel-transported around a closed path in the 

lattice. 
• It is an element of the gauge group (e.g., 𝑆𝑈(3), 𝑆𝑈(2), 𝑈(1), or a gravitational spin connection). 
• It encodes the topological defect (disclination, dislocation, twist) associated with a particle. 

𝐏 (Path Ordering Operator) 
• Stands for path-ordered or chronological ordering. 
• Required because the connection 𝐴 at different points along the loop may not commute. 
• Instructs that the exponential to be expanded as a series with the matrix products ordered along the path. 
• Ensures the holonomy is well-defined for non-Abelian gauge theories e.g., the weak force 

𝑒∮ 𝐀 (Exponential of the Integrated Connection) 
• The exponential of the line integral of the connection 𝐀 around a closed loop. 
• Represents the net effect of parallel transport around the loop. 

∮ 𝐀 (Loop Integral of the Connection) 
• ∮  denotes integration around a closed loop in the lattice (a cycle in the graph). 
• 𝐀 is the connection — a gauge potential (for electromagnetism, the vector potential 𝐴F; for gravity, the spin 

connection 𝜔FGH; for colour, the gluon field). 
• The integral sums the connection along each infinitesimal segment of the loop. 
• Its exponential gives the holonomy. 



The winding number is 

𝒏 =
𝟏
𝟐𝝅𝒊

ª𝐓𝐫
𝜸

(𝑨) 

For a simply-connected lattice with positive-definite metric, the lattice connectivity matrix 𝐶JK  has all 
eigenvalues > 0. 
Stability requires the holonomy to commute with the connectivity matrix: 

[𝓗, 𝑪] = 𝟎 
By the Perron–Frobenius theorem, only configurations with 𝑛 > 0 satisfy this condition. Thus 

𝓗Fifth State = 𝓗F⊕𝟎 
Antimatter configurations (𝑛 < 0) are topologically excluded. 

The greater derivation is given in APPENDIX C. 
 
From Accident to Architecture 
In comparison, 𝛬CDM and particle physics need to invoke baryogenesis with unknown CP violation, fine-tuning 
to obtain 𝜂 ≈ 6 × 10<9L exactly, and post-hoc justification from undiscovered particles or interactions. We 
reject this as unnecessary. Our framework proposes: 

1. Lattice topology: simply-connected geometry → chiral preference. 
2. Information encoding: only what is present in the universe gets encoded (MIMO protocol). 
3. Geometric necessity: positive-definite metric prefers one chirality. 

The baryon asymmetry is not an accident — it is architecture. 

The Smoking-Gun Prediction: CMB Parity Violation 
If antimatter is geometrically excluded at the foundation, the early universe was born chirally biased. This should 
leave subtle odd-parity signatures in the Cosmic Microwave Background — specifically, non-zero TB and EB 
correlations at large angular scales. Most inflationary models predict these should be zero. We predict they 
should be detectable at the level of ∼ 10<8 of the standard temperature fluctuations. Upcoming CMB 
experiments (CMB-S4, LiteBIRD) will have the sensitivity to test this directly. 

The Deeper Implication: Cyclic Inheritance 
If the universe cycles through geometric phases, and each new expression decodes from the geometric memory 
of the previous one, then only what was there gets re-encoded. No universe starts with a “clean slate” — it 
starts with the topological memory of its predecessor. 
We do not live in a universe that happened to have matter win over antimatter. We live in a universe that 
inherited matter from the previous cycle, preserved it geometrically through the Fifth State, and expressed it 
again because that is what geometry does — it preserves structure through transformation. 

A Significance Beyond Physics 
Solving the antimatter mystery geometrically does more than fix a parameter in cosmology. It suggests that the 
deepest laws of the universe are not particle-based but shape-based. What things are emerges from how things 
connect. That is a Copernican-level shift: from a universe of things floating in space to a universe where space 
itself — its geometry, its topology — is the fundamental substance, and particles are just its expressive defects. 
It turns a cosmic accident into a cosmic signature — the fingerprint of geometry on existence itself. The full 
derivation which relies on the Perron-Frobenius theorem applied to the lattice connectivity matrix. 

The ∼ 𝟕𝝈 Anomaly 
If antimatter is geometrically excluded at the foundation, the early universe was born chirally biased. This should 
leave subtle odd-parity signatures in the Cosmic Microwave Background — specifically, non-zero TB and EB 
correlations at large angular scales. Most inflationary models predict these should be zero. 
While the standard model of cosmology predicts that the TB and EB correlations should be zero, recent high-
precision analyses have uncovered a persistent anomaly. Measurements of the cosmic birefringence angle, 
which quantifies the rotation of the CMB polarization plane, have yielded a value consistently non-zero at a 
level of about 0.3∘ to 0.5∘. 
Several independent groups have now detected this signal with statistical significances exceeding 3𝜎, with some 
combined analyses reaching the 5𝜎 to 7𝜎 range. This “tantalizing hint” of parity violation has become one of 
the most actively investigated anomalies in CMB data. 
However, a definitive detection has not yet been claimed. The primary obstacle is the limited precision of the 



absolute polarization angle calibration of the Planck satellite, which dominates the systematic uncertainty 
budget. Furthermore, polarized Galactic dust emission is known to produce a positive TB signal that can mimic 
a cosmological rotation, contaminating the measurement. 
The anomaly is not yet confirmed, but it persists. The 𝜒-manifold model presented here offers a geometric 
explanation for this signal — a chiral lock imprinted by the tetrahedral lattice. It predicts a specific amplitude 
(∼ 10<8 of the temperature fluctuations) and a distinctive harmonic structure tied to the 𝜒 manifold. 
The verdict now rests with the next generation of experiments. CMB-S4 and LiteBIRD are explicitly designed to 
resolve this ambiguity. Their improved calibration and sensitivity will determine within the next few years 
whether this tantalizing hint represents the discovery of fundamental parity violation — and a confirmation of 
the chiral lock predicted by the 𝜒-manifold. 
We additionally predict these TB and EB correlations should be detectable at the level of ∼ 10<8 of the standard 
temperature fluctuations. Upcoming CMB experiments (CMB-S4, LiteBIRD) will have the sensitivity to test this 
directly. 

SUMMARY OF THEOREMS 
 

Theorem Statement Key equation 
1 Structured ground state 𝝆crit =

𝜼
𝜶
𝝆𝑷 

2 Absolute zero corollary 𝑻 = 𝟎 K,  𝑺 = 𝟎 
3 Cycle consistency 𝑬𝒏 = 𝑬𝒏F𝟏,  𝑰𝒏 = 𝑰𝒏F𝟏 
4 Topological information preservation 𝓜: |𝝍⟩ ↪ 𝑰(𝝍) injective 
5 Chiral exclusion principle 𝓗Fifth State = 𝓗F⊕𝟎 

 
 

  



SECTION 3 
THE FOUR ABSOLUTE CONSTRAINTS OF THE FIFTH STATE 

 
 
The Fifth State is defined by four absolute constraints that follow logically from THEOREMS 1 & 2. Each 
constraint represents a fundamental limit reached as matter approaches the maximum density that we have 
reasonably determined at 𝜌crit = 0.4𝜌;. Together, they characterise a state of perfect order, zero dynamics, 
and complete information preservation. 

Constraint 1: Zero Kinetic Energy 
As density approaches 𝜌crit = 0.4𝜌;, the available free volume for motion vanishes. The tetrahedral lattice is 
maximally packed, leaving no degrees of freedom for translational or rotational motion. Formally: 

𝐥𝐢𝐦
𝝆→𝝆crit

𝑬𝑲 = 𝟎 

However, this is not merely a matter of geometry because there is a deeper physical necessity:  If kinetic energy 
were not zero — if any residual motion remained — then gravity would continue to act as a force. The extreme 
geodesic of matter-energy density would compel further compression and the system would continue to 
collapse, inexorably, toward a point of zero volume and infinite density: The classical singularity. 
This scenario as an endpoint is impossible. Infinity is not a physical quantity but it is a mathematical signal that 
a theory has broken down. No finite mass can be contained in zero volume. No physical process can achieve 
infinite density. The singularity as a function of infinity is a confession of ignorance, not a description of reality. 
Therefore, to avoid the absurdity of an infinite singularity, kinetics must cease entirely at the point of maximal 
compression. The condensate must have 𝐸Q = 0. This is not an assumption but it is a physical necessity. The 
Fifth State is the unique configuration where all kinetic energy has been converted to potential energy, stored 
as geometric strain in the lattice. The total energy of the system is therefore purely potential: 

𝑬total = 𝑬𝑷 + 𝑬𝑲 ≈ 𝑬𝑷  
where 𝐸; represents the potential energy stored in the strained bonds of the lattice.3 

The vanishing of kinetic energy is not merely an approximation but an absolute constraint: in the ground state 
of the lattice Hamiltonian (Appendix A), all momentum variables 𝑝J = 0 identically. 

Constraint 2: Absolute Zero Temperature 
Temperature is defined statistically through the distribution of kinetic energy. With 𝐸Q = 0, there is no thermal 
motion to measure. More formally, from the thermodynamic definition: 

𝑻 = A
𝛛𝑺
𝛛𝑬C

<𝟏

 

As we shall see in Constraint 3, entropy 𝑆 reaches a constant minimum in the Fifth State and the derivative 
∂𝑆/ ∂𝐸 therefore vanishes, forcing 𝑇 = 0. Thus: 

𝑻 = 𝟎 K  
This is not the absence of energy — the lattice contains immense potential energy 𝐸; ≈

8
2
𝑀R𝑐2 — but the 

absence of thermal energy. All energy is geometrically organised, not randomly distributed. 

Constraint 3: Zero Entropy 
From THEOREM 1, the tetrahedral lattice has a unique ground state configuration. The number of microstates 
accessible to the system is therefore 𝛺 = 1. The statistical definition of entropy gives: 

𝑺 = 𝒌𝑩𝐥𝐧𝜴 = 𝒌𝑩𝐥𝐧𝟏 = 𝟎 
This is zero entropy in the most fundamental sense: Perfect order, complete information, no uncertainty. Every 
quantum number, every particle state, every bit of information from the previous cycle is encoded in the 
topological structure of the lattice — not as thermal microstates, but as geometric invariants. 

 
3 HERE 𝐸1 REFERS TO TRANSLATIONAL AND ROTATIONAL KINETIC ENERGY OF THE LATTICE CELLS. ZERO-POINT FLUCTUATIONS ARE NOT THERMAL 
KINETIC ENERGY; THEY ARE FROZEN INTO THE LATTICE AS STATIC GEOMETRIC DEFORMATIONS, ABSORBED INTO THE POTENTIAL TERM VIA THE 
VOLUME EXPANSION FACTOR 𝛼 = 1.5. HENCE 𝐸1 = 0 AND 𝐸ZP > 0 ARE NOT IN CONFLICT. 
 



Constraint 4: Cessation of Time 
At the event horizon, the temporal metric component vanishes (𝑔LL = 0), marking the boundary between the 
exterior (where time flows) and the interior. Inside the horizon, the radial coordinate becomes timelike, and 
proper time intervals are no longer defined for a stationary observer. In the Fifth State core itself, time ceases 
entirely. With no change possible — 𝐸Q = 0 (no motion) and 𝑆 = 0 (no thermodynamic evolution) — the 
concept of temporal duration loses meaning. The Hamiltonian constraint in canonical gravity forces the lapse 
function 𝑁 = 0 when the system is in its ground state with no external time parameter. Thus: 

𝒕 = 𝟎  
Time ceases: Not as a coordinate singularity, but as a physical fact. The universe becomes purely spatial, purely 
geometric, purely archival, however the Grandparent dimensions of M,L,T are preserved and inalienable 

 

THE STATISTICAL SOCKET 
HOW COMPRESSION KILLS THERMAL MOTION 

 
The four absolute constraints that define the Fifth State — zero kinetic energy, absolute zero temperature, zero 
entropy, and the cessation of time — are not arbitrary postulates. They are the inevitable consequences of 
driving a fermionic system to its geometric packing limit. 
Imagine a lattice of tetrahedral cells, each cell capable of holding exactly one fermion. The Fermi-Dirac 
distribution, 

𝒇(𝑬) =
𝟏

𝒆(𝑬<𝝁)/𝒌𝑩𝑻 + 𝟏
 

tells us the probability that a given state is occupied. 

At ordinary temperatures, the step is blurred. There is a continuous distribution of occupancy. Some states are 
partially filled. Fluctuations occur. Entropy is positive. As the system is compressed, the chemical 
potential 𝝁 rises. The temperature 𝑻 is forced downward. 

At the Kepler-Hales packing limit (𝝆crit ≈ 𝟎. 𝟒𝝆𝑷), the temperature reaches absolute zero: 
𝑻 = 𝟎 K 

In this limit, the Fermi-Dirac distribution collapses to a sharp step function: 

𝐥𝐢𝐦	
𝑻→𝟎

𝒇(𝑬) = Ä𝟏, 𝑬 < 𝝁
𝟎, 𝑬 > 𝝁 

Every state below the Fermi level is exactly filled. Every state above is exactly empty. The Pauli Exclusion 
Principle forbids double occupancy, and there are no vacant states into which a fermion could jump. Thermal 
fluctuations are geometrically impossible. 
Consequently: 

 

𝛀thermal = 𝟏, 𝑺 = 𝒌𝑩𝐥𝐧	 𝟏 = 𝟎, 𝚫𝑬 = 𝟎, 𝚫𝒕 → ∞ 
 

THE ENERGY-TIME UNCERTAINTY PRINCIPLE 

𝚫𝑬 𝚫𝒕 ≥
ℏ
𝟐

 

IS NOT VIOLATED 
 

It is rendered inapplicable because there is no dynamical change to measure. 
The system is frustration-free, perfectly ordered, and absolutely stable. 

 
 



THE MANDELSTAM–TAMM QUANTUM SPEED LIMIT 
THE INAPPLICABILITY OF THE UNCERTAINTY PRINCIPLE 

 

The standard Heisenberg uncertainty principle (𝚫𝒙𝚫𝒑 ≥ ℏ/𝟐) assumes an infinite, continuous time axis and 
unbounded spatial fields. In the Fifth State, these assumptions fail. The correct framework is the Mandelstam–
Tamm (1945) relation, which defines the energy-time uncertainty as a Quantum Speed Limit: 

𝚫𝒕 ≥
ℏ𝐚𝐫𝐜𝐜𝐨𝐬	 ∣ ⟨𝝍(𝟎) ∣ 𝝍(𝒕)⟩ ∣

𝟐𝚫𝑬
 

Here 𝚫𝒕 is the characteristic time for a quantum state to evolve into a distinct, orthogonal state. 
At the Kepler-Hales close-packing limit (𝝆crit = 𝟎. 𝟒𝝆𝑷), the Pauli exclusion principle acts as a hard geometric 
constraint. Every spatial cell is fully occupied and saturated. The overlap of states remains completely static: 

∣ ⟨𝝍(𝟎) ∣ 𝝍(𝒕)⟩ ∣= 𝟏 
Therefore, the distance to an orthogonal state is zero: 

𝐚𝐫𝐜𝐜𝐨𝐬	(𝟏) = 𝟎 ⇒ 𝚫𝒕 → ∞ 
The uncertainty relation does not break down. It is rendered operationally vacant. There is no parameter space 
for temporal variance. The system is not violating quantum mechanics; it has reached the geometric limit where 
the quantum speed limit no longer applies. 
 
The four absolute constraints that follow are not assumptions. They are the logical closure of the Fermi-Dirac 
step driven to its geometric limit. For the full technical derivation, including the role of the Pauli Exclusion 
Principle and the lattice closure constraints, REFER TO APPENDIX G 
In the Fifth State, ΔE	=	0	and	Δt	→	∞. Their product is an infinite number of zeros — not a violation, but a 
suspension. The uncertainty principle does not forbid certainty; it only bounds change. When change is 
geometrically impossible, the principle is not broken. It is simply not invited: There is absolutely nothing to be 
uncertain about. 

 

THE FOUR ABSOLUTE CONSTRAINTS 
DEFINING THE FIFTH STATE. 

 
Constraint Physical meaning Equation Statistical Origin 
Zero Kinetic Energy No motion; all energy 

potential 
𝐸I = 0 No Vacant States. 

No Transitions 
Absolute Zero 
Temperature 

No thermal energy 𝑇 = (∂𝑆/ ∂𝐸)*= = 0 K Fermi-Dirac step at T=0 

Zero Entropy Perfect order; single 
microstate 

𝑆 = 𝑘Jln𝛺 = 0 Ωthermal	=	1	

Cessation of Time No duration; purely 
spatial metric 

𝑔,, = 0 (horizon), 𝑡 = 0 (core) Δt	inapplicable 

 
 

This is not a state of nothingness but a state of perfect preservation — the universe’s 
memory, frozen in geometry, waiting for the next cycle. 

  



SECTION 4 
THE FINITE RADIUS: DIMENSIONAL INTEGRITY 

 
The Potential-Kinetic (PK) framework, introduced in The Theoretical Series Paper 2 (EQUANIMITY, Hyde 2026n), 
established that the universe cycles between phases of kinetic expansion and potential storage. At the point of 
maximum compression — when all kinetic energy has been converted to potential form — matter must enter 
a new state. EQUANIMITY identified this state as the Fifth State, characterised by four absolute constraints: 
zero kinetic energy, absolute zero temperature, zero entropy, and the cessation of time. However, EQUANIMITY 
left one question open: What is the physical size of the Fifth State core? Classical general relativity predicts a 
singularity — a point of zero volume and infinite density — which violates mass-energy conservation. The Fifth 
State replaces this unphysical outcome with a finite, physically realisable core. The derivation that follows builds 
directly on EQUANIMITY’s conceptual foundation. It uses only: 

• The Planck density 𝜌$ = 𝑐%/(ℏ𝐺&) as the absolute upper bound 
• The packing fraction 𝜂 of a chiral tetrahedral lattice 
• The zero-point volume expansion factor 𝛼 = 1.5 
• The relation 𝜌crit = (𝜂/𝛼)𝜌$ 

From this, we derive a finite radius 𝑹𝑷𝑲 that is always greater than the Planck length 𝓵𝑷 for all astrophysically 
relevant masses. The classical singularity is therefore not merely avoided — it is replaced by a tangible, 
geometric archive. 
The third theoretical paper FIRE-EATER (Hyde 2026o) successfully concludes by establishing the localised 
microscopic mechanics of gravitational collapse — proving that infalling matter is quenched when it hits the 
Kepler-Hales close-packing floor snapping the Fermi-Dirac distribution into a rigid binary step function: 

𝝆crit ≈ 𝟎. 𝟒 𝝆𝑷 
This paper Hyde 2026p “SOLILOQUY”  – the fourth Theoretical paper – elevates this micro-physical floor into a 
definitive macro-geometrical framework: Here, in the examination of THEOREM 1, we move beyond the 
material properties of the state change to determine how this invariant maximum density dictates the 
macroscopic scale of the Hades Star. The critical density enforces a constant-density scaling law: 

𝝆 =
𝑴
𝑽
= constant = 𝝆crit ⟹𝑹 = A

𝟑𝑴
𝟒𝝅𝝆crit

C
𝟏/𝟑

 

so that the physical radius expands as the cube root of the mass, 𝑹 ∝ 𝑴𝟏/𝟑, rather than the 
unphysical linear scaling 𝑹 ∝ 𝑴 found in legacy fluid metrics. 

By replacing the zero-volume singularity with this hard, non-zero boundary condition, Soliloquy provides the 
mandatory, concrete integration limits required to execute its new field equations, Hamiltonian strictures, and 
Lagrangian descriptions. The macroscopic boundary is structurally locked by the tetrahedral dihedral 
angle 𝐚𝐫𝐜𝐜𝐨𝐬	(𝟏/𝟑), rendering the classic "information loss paradox" entirely obsolete. 

The Critical Density of the Fifth State 
The critical density 𝝆crit is the density at which gravitational collapse halts and the Fifth State — a geometric, 
zero-entropy condensate — forms. It must be less than the Planck density 𝜌; = 𝑐1/(ℏ𝐺2) ≈ 5.16 ×
1067 kg/m8, because at the Planck scale quantum-gravitational effects become dominant and classical 
singularities are avoided. 
Two independent lines of reasoning, presented in full in EQUANIMITY (Hyde 2026n, Section 3), converge on 
𝜌crit ≈ 0.4𝜌;. The reader is referred to EQUANIMITY and its comprehensive references under “Kepler-Hales & 
Fifth State Density” for further reading and likewise, invited to review Hyde 2026o “FIRE-EATER” 
Derivation 1: Packing Efficiency and Zero-Point Energy 
The densest possible packing of equal spheres in three dimensions is the Kepler-Hales close-packing fraction: 

𝜼spheres =
𝝅
𝟑√𝟐

≈ 𝟎. 𝟕𝟒𝟎𝟒𝟖 

For a chiral tetrahedral lattice, the packing fraction 𝜂 is lower — numerical estimates suggest 𝜂 ≈ 0.6. The zero-
point energy of each tetrahedron (𝐸KL =

=
+
𝑚M𝑐+) increases the effective volume by a factor 𝛼 = 1.5. Thus: 

𝝆crit =
𝜼
𝜶
𝝆𝑷 ≈

𝟎. 𝟔
𝟏. 𝟓

𝝆𝑷 = 𝟎. 𝟒𝝆𝑷 



Derivation 2: The Golden Ratio Consistency 
The dihedral angle of a regular tetrahedron is arccos(1/3) ≈ 70.5288∘. The golden ratio 𝜑 = f1 + √5h/2 ≈
1.618034 appears naturally in tetrahedral geometry — for example, in the ratio of the circumradius to the 
inradius. A detailed geometric argument (EQUANIMITY, Section 3) yields: 

𝝆crit =
𝝋
𝟒
𝝆𝑷 ≈ 𝟎. 𝟒𝟎𝟒𝟓𝝆𝑷 

The agreement between the two independent estimates (0.4 and 0.4045) to within 1% is strong evidence that 
the true critical density is approximately 0.4𝜌;. The exact value is not critical for the qualitative structure of the 
Fifth State — any 𝜌crit < 𝜌; ensures a finite, sub-Planckian core. 

Adopted Value 
For the purposes of this paper, we adopt: 

𝝆crit = 𝟎. 𝟒 𝝆𝑷  

Derivation of the Finite Radius 
For any mass 𝑀 undergoing gravitational collapse, the volume required to reach 𝝆crit is: 

𝑽𝑷𝑲 =
𝑴
𝝆crit

=
𝑴

𝟎. 𝟒 𝝆𝑷
 

 
Assuming spherical symmetry (the ground state configuration minimising energy for a given mass), the 
corresponding radius is: 

𝑹𝑷𝑲 = A
𝟑𝑴

𝟒𝝅𝝆crit
C
𝟏/𝟑

= A
𝟑𝑴

𝟒𝝅 × 𝟎. 𝟒 𝝆𝑷
C
𝟏/𝟑

 

 
Substituting 𝜌; = 𝑐1/(ℏ𝐺2): 

𝑹𝑷𝑲 = F
𝟑𝑴ℏ𝑮𝟐

𝟏. 𝟔𝝅𝒄𝟓
I
𝟏/𝟑

 

This radius is always finite, always positive, and always greater than the Planck length ℓ; =
mℏ𝐺/𝑐8 ≈ 1.616 × 10<81 m for any physically realisable mass. 

 

Dimensional Integrity Table 
We present The Fifth State radius for representative masses, from stellar black holes to the observable universe 
as radius 𝑅;Q  for various masses, compared to the Planck length ℓ;. Note that 𝑹𝑷𝑲 ≫ 𝓵𝑷 in all cases. 

Object Mass (kg) 𝐑𝐏𝐊 (m) 𝐑𝐏𝐊/𝓵𝐏 
Stellar BH (𝟑𝑴⊙) 5.967 × 109, ≈ 6.52 × 10*+9 ≈ 4.03 × 10=+ 

Sag A* (𝟒 × 𝟏𝟎𝟔𝑴⊙) 7.956 × 109N ≈ 7.16 × 10*+= ≈ 4.43 × 10=8 

M87* (𝟔. 𝟓 × 𝟏𝟎𝟗𝑴⊙) 1.29 × 108, ≈ 8.44 × 10*+, ≈ 5.22 × 10=' 
Ultra-massive BH (𝟏𝟎𝟏𝟏𝑴⊙) 1.99 × 108= ≈ 2.09 × 10*=O ≈ 1.29 × 10=N 

Observable Universe ≈ 3.5 × 10'8 ≈ 5.46 × 10*=' ≈ 3.38 × 10+, 
 
Several crucial observations follow: 

• Always above 𝓵𝑷: Even for the smallest astrophysical black holes, 𝑅;Q  exceeds the Planck length by 
many orders of magnitude. Dimensional integrity is preserved. 

• Finite and physical: No infinities appear. The volume is always well-defined. 
• Scale-invariant structure: The ratio 𝑅;Q/ℓ; ∝ 𝑀9/8, meaning larger masses simply have larger cores 

— there is no point-like limit. 
• Nuclear scale for the universe: For the total mass of the observable universe, 𝑅;Q ≈ 5.5 × 10<91 m, 

approximately the size of an atomic nucleus. 
 



Minimum Mass Bound 
The requirement that any physical volume must be at least one Planck volume (ℓ;8 ) imposes a fundamental 
lower bound on the mass of an object that can achieve the Fifth State density. The mass corresponding to a 
core of volume 𝑉 = ℓ;8  at density 𝜌crit is: 

𝑴𝐦𝐢𝐧 = 𝝆crit𝓵𝑷𝟑 = 𝟎. 𝟒𝝆𝑷𝓵𝑷𝟑  
 
Since 𝜌;ℓ;8 = 𝑚; by definition, we obtain: 

𝑴𝐦𝐢𝐧 = 𝟎. 𝟒 𝒎𝑷 ≈ 𝟖. 𝟕 × 𝟏𝟎§𝟗 kg ≈ 𝟒. 𝟒 × 𝟏𝟎§𝟑𝟗𝑴⊙  
 
This bound has a precise meaning: It is the smallest mass that could, in principle, occupy one Planck volume at 
the Fifth State density. However, such objects are not physically realisable as black holes because their 
gravitational binding energy is negligible. The minimum black hole mass remains ∼ 𝑚;, but the bound serves 
as a mathematical consistency condition. 

Physical Interpretation 
The finite radius 𝑅;Q  represents the physical size of the black hole’s core — the region occupied by the Fifth 
State condensate. This is not a singularity hidden behind an event horizon but it is a tangible, extended object 
with well-defined geometry. 
Key implications: 

• The event horizon at 𝒓𝒔 = 𝟐𝑮𝑴/𝒄𝟐 is larger than 𝑹𝑷𝑲 for all black holes. For a stellar mass black 
hole, 𝑟g ∼ 10= m while 𝑅;Q ∼ 10<28 m — the core is microscopic but finite. 

• The region between 𝑹𝑷𝑲 and 𝒓𝒔 is not empty but contains the transition zone where the lattice 
gradually forms, with density increasing from near-zero to 𝜌crit. 

• The core is not a point of destruction but an archive — a perfectly ordered lattice preserving all 
information that entered the black hole. 

Connection to Observations 
The finite core radius has observable consequences: 

• Gravitational wave echoes: The sharp boundary at 𝑅$' could reflect gravitational waves, producing 
characteristic echoes after merger events. 

• Black hole shadows: The Event Horizon Telescope resolves the photon sphere at ∼ 3𝑟(, but ultra-high 
precision observations might eventually probe deviations from the classical shadow due to the finite core. 

• Mass gap: The minimum black hole mass consistent with 𝑅$' > ℓ$ sets a lower bound on astrophysical 
black holes, potentially explaining the observed mass gap between neutron stars and black holes. 

The finite radius is not a mathematical trick but a physical prediction, testable through future observations. 

Further Reading: The EQUANIMITY Foundation 
The two derivations of 𝜌crit ≈ 0.4𝜌; presented above are summarised from the more extensive treatment in 
Hyde 2026n (EQUANIMITY, Section 3). That paper contains the full geometric arguments, including the detailed 
relationship between the tetrahedral dihedral angle, the golden ratio, and the packing efficiency of the chiral 
lattice. Readers seeking a deeper understanding of the Kepler-Hales close-packing bound, the zero-point 
volume correction factor 𝛼 = 1.5, and the convergence of the two independent estimates are referred to 
EQUANIMITY and its comprehensive references under “Kepler-Hales & Fifth State Density”. All essential results 
for the present work are self-contained in this section; the external references are provided for background and 
verification. 

Independence from Microscopic Parameters 
The radius of the geometric condensate is derived directly from the total baryonic mass 𝑀R and the critical 
density 𝜌crit: 

𝑹𝑷𝑲 = A
𝟑𝑴𝑼

𝟒𝝅𝝆crit
C
𝟏/𝟑

 

where 𝝆crit = 𝟎. 𝟒𝝆𝑷 and 𝝆𝑷 = 𝒄𝟓/(ℏ𝑮𝟐). 
This expression depends only on macroscopic quantities. It does not require specification of the mass or radius 
of individual lattice cells. 



Let the fundamental cell have mass 𝑚L and effective radius 𝑟L. The number of cells is: 

𝑵 =
𝑴𝑼

𝒎𝟎
 

The total volume is also 𝑁 times the volume per cell: 

𝑽 = 𝑵 ⋅
𝟒
𝟑
𝝅𝒓𝟎𝟑 =

𝑴𝑼

𝒎𝟎
⋅
𝟒
𝟑
𝝅𝒓𝟎𝟑 

But the volume is also 𝑉 = 𝑀R/𝜌crit. Equating: 
𝑴𝑼

𝒎𝟎
⋅
𝟒
𝟑
𝝅𝒓𝟎𝟑 =

𝑴𝑼

𝝆crit
 

Cancelling 𝑀R: 
𝟒
𝟑
𝝅𝒓𝟎𝟑 =

𝒎𝟎

𝝆crit
 

Thus the cell parameters satisfy: 

𝒎𝟎 = 𝝆crit ⋅
𝟒
𝟑
𝝅𝒓𝟎𝟑  

 
This is the equation of state for a single cell. It does not determine 𝑚L and 𝑟L separately; only their ratio is fixed. 
The macroscopic radius 𝑅;Q  is independent of the microscopic decomposition: Any choice of (𝑚L

, 𝑟L) satisfying 
this relation yields the same 𝑅;Q. For definiteness, we may adopt the natural choice: 𝑟L = ℓ;, where ℓ; =
mℏ𝐺/𝑐8 is the Planck length. Then: 

𝒎𝟎 = 𝝆crit ⋅
𝟒
𝟑
𝝅𝓵𝑷𝟑 = 𝟎. 𝟒𝝆𝑷 ⋅

𝟒
𝟑
𝝅𝓵𝑷𝟑  

Since 𝜌;ℓ;8 = 𝑚;, we obtain: 

𝒎𝟎 = 𝟎. 𝟒𝒎𝑷 ⋅
𝟒
𝟑
𝝅 

Numerically, 𝑚; ≈ 2.18 × 10<i  kg, so: 

𝒎𝟎 ≈ 𝟎. 𝟒 × 𝟐. 𝟏𝟖 × 𝟏𝟎<𝟖 × 𝟒. 𝟏𝟖𝟖𝟕𝟗 ≈ 𝟑. 𝟔𝟓 × 𝟏𝟎<𝟖  kg 

This is approximately 1.67 𝑚;. 
This is a plausible value and does not affect the macroscopic radius. 

The key point is that the macroscopic radius 𝑹𝑷𝑲 is robust and does not depend on unresolved microscopic 
details. The Kepler-Hales bound guarantees that the packing is maximally efficient, but the exact cell parameters 
cancel out of the final expression. 
 

  



SECTION 5 
THE EVENT HORIZON AS PHASE BOUNDARY 

 
In classical general relativity, the event horizon is a mathematical surface from which nothing can escape. In the 
Fifth State framework, it acquires a new role: a physical phase boundary separating two distinct regimes of the 
same underlying field ℱprimal. This reinterpretation resolves long-standing puzzles about the nature of black hole 
interiors and the flow of information across the horizon. 

Exterior and Interior Regimes 
Consider a Schwarzschild black hole of mass 𝑀. The event horizon resides at: 

𝒓𝒔 =
𝟐𝑮𝑴
𝒄𝟐

 

In the Fifth State framework, this surface divides spacetime into two qualitatively different phases: 
• Exterior (𝒓 > 𝒓𝒔): The kinetic, temporal regime. Here time flows (𝑡 > 0), entropy increases (𝑑𝑆/𝑑𝑡 > 0), 

information processing continues, and matter exists in familiar forms. The metric has the usual Lorentzian 
signature (−,+,+,+). 

• Interior (𝒓 < 𝒓𝒔): The potential, atemporal regime. As matter approaches the core at 𝑅$', it undergoes a 
phase transition into the Fifth State. Time ceases (𝑡 = 0), entropy vanishes (𝑆 = 0), kinetic energy 
converts entirely to potential form, and information is geometrically encoded. The metric becomes purely 
spatial in the core region. 

The horizon is not a barrier to be crossed but a boundary across which the state of matter transforms — like 
the interface between liquid water and ice, but more fundamental: a change in the nature of reality itself. 

Dimensional Proof of Horizon Independence 
A crucial observation supports this interpretation: the Schwarzschild radius 𝑟g = 2𝐺𝑀/𝑐2 has dimensions of 
length only: 

[𝒓𝒔] =
[𝑮][𝑴]
[𝒄𝟐]

=
f𝑳𝟑𝑴<𝟏𝑻<𝟐h(𝑴)

(𝑳𝑻<𝟏)𝟐
= 𝑳 

Notably, 𝑟g contains no dimension of time. It depends only on mass and the constants 𝐺 and 𝑐, which themselves 
have time dimensions that cancel. This means: 

• The horizon’s location is determined purely by geometric and mass considerations. 
• The Schwarzschild radius r* = 2GM/c& has dimensions of length only. Its location is therefore a purely 

spatial geometric fact, independent of whether time flows in the interior. The horizon persists as a 
boundary because the exterior provides the temporal context; the interior need not have its own notion of 
time. 

• The horizon can therefore serve as a static interface between the temporal exterior and the atemporal 
interior. 

If the horizon required time for its definition, a timeless interior could not support it. But because 𝑟g is purely 
spatial in dimension, it can exist as a geometric feature regardless of whether time flows inside. 

Why the Horizon Exists: Temporal Context from the Exterior 
A question arises: If the interior is timeless, how can it support a boundary that separates it from the exterior? 
The answer lies in the exterior’s provision of temporal context: The horizon exists as a mathematical surface in 
the full spacetime manifold. Its definition involves light cones, which require a notion of past and future. In the 
exterior, such notions are well-defined. In the interior, they are not — but the horizon does not need to be 
"experienced" from the inside to exist. It is a feature of the global geometry, sustained by the exterior’s 
temporal structure. Consider an analogy: A crystal’s surface exists whether or not we measure it. The interior 
atoms have fixed positions; they do not "experience" time flowing in the same manner as a fluid, yet the 
boundary between crystal and air – a gas - remains well-defined: Similarly, the horizon persists as a geometric 
fact even when the interior has ceased to change. 

The Horizon as Information Barrier 
In classical general relativity, the horizon is often described as a "point of no return." In the Fifth State 
framework, it becomes something more nuanced: a phase boundary across which information transforms. 

• Infalling matter crosses the horizon and begins its journey toward the core. 
• As density increases, matter dissolves into its constituent quantum numbers. 
• These quantum numbers are encoded into topological defects in the forming lattice. 



• By the time matter reaches 𝑅$', it has been fully geometrised — its information preserved in structural 
form. 

Crucially, no information is lost at the horizon. It is simply translated from one language (particle states) to 
another (geometric invariants). The horizon is not a destroyer of information but a translator. We have 
examined the fate of Anti-Matter per THEOREM 5 

Comparison with Classical and Quantum Horizon Pictures 
Feature Classical GR Quantum Gravity Fifth State 
Horizon nature Mathematical surface Fuzzy, fluctuating Physical phase boundary 
Interior Singularity (𝑅 = 0) Quantum geometry Finite 𝑅$' core 
Information Lost (paradox) Debated Topologically preserved 
Time inside Flows to singularity Problematic Ceases (𝑡 = 0) 
Horizon dimension [𝐿] only [𝐿] only [𝐿] only 

The Fifth State framework retains the classical horizon’s dimensional purity while resolving its 
informational paradox. The horizon is neither a mathematical fiction nor a fuzzy quantum 

region — it is a definite physical boundary between two phases of reality. 

Observational Signatures of the Phase Boundary 
If the event horizon is a physical phase boundary — a sharp transition between the temporal exterior and the 
timeless interior — it may leave several observable signatures that distinguish the geometric condensate from 
the classical black hole of general relativity. (The semiclassical Hawking picture is not considered a viable 
alternative here; its foundational assumptions are dismantled in FIRE-EATER, Hyde 2026o.) 
Reflectivity. The sharp discontinuity in material properties at the horizon could partially reflect incident 
gravitational waves, producing characteristic echoes in the post-merger ringdown signal. Such echoes would be 
absent in the classical vacuum-singularity picture. 
Surface tension. The phase boundary possesses an effective surface tension, arising from the energy required 
to deform the lattice at the interface. This tension could affect black hole merger dynamics, particularly the 
inspiral phase and the onset of tidal disruption. 
Absence of thermal emission. The geometric condensate predicts zero thermal emission from the horizon. The 
Hawking temperature: 

𝑻𝑯 =
ℏ𝒄𝟑

𝟖𝝅𝑮𝑴𝒌𝑩
 

is derived from the semiclassical assumptions that are invalidated in FIRE-EATER (Hawking’s fatal reliance on 
the instantaneous horizon, trans-Planckian integration, frozen background, thermodynamic inversion). In the 
Fifth Sate condensate framework, there is no thermal radiation, no evaporation, and therefore no Hawking 
temperature to measure or correct. 
Quasinormal modes. Black hole ringdown frequencies could be modified by the presence of a structured 
interior (the geometric condensate) rather than a vacuum singularity. These modifications are distinct from 
those predicted by classical GR and are within reach of next-generation gravitational wave observatories (LISA, 
Einstein Telescope) and very-long-baseline interferometry (Event Horizon Telescope upgrades). 
 

SUMMARY 
The event horizon, in the Fifth State framework, is: 

• A physical phase boundary between kinetic-exterior and potential-interior regimes. 
• Dimensionally pure: [𝑟g] = 𝐿 only, allowing it to exist even when time ceases inside. 
• Sustained by the exterior’s temporal context while the interior becomes timeless. 
• An information translator, not a destroyer — encoding matter states into geometric invariants. 
• Potentially observable through gravitational wave echoes and modified ringdown. 

The horizon is not a monster’s gateway to destruction. It is the threshold 
where matter begins its transformation into geometry — the first step on the 

journey to the perfect, timeless archive at the core. 



SECTION 6 
MIMO PROTOCOL: MATTER IN, MATTER OUT 

 
The Hawking information paradox arises from the apparent conflict between black hole evaporation and 
quantum unitarity. If black holes destroy information, quantum mechanics fails. If they preserve it, the 
mechanism must be explained. The Fifth State framework resolves this paradox through the MIMO (Matter In 
Matter Out) Protocol: All quantum information entering a black hole is topologically encoded in the lattice 
structure of the Fifth State and faithfully re-expressed when the cycle reverses. 

The Preservation Axiom 
We begin with a fundamental axiom that follows from THEOREMS 4 and 5: 

All quantum information—spin, baryon number, charge, lepton number, and all other conserved 
quantum numbers—is preserved through gravitational collapse, through the Fifth State, and through 
the Big Bang Inversion. 

The encoding map ℳ from particle states to lattice defects is injective and exact: 
𝓜:𝓗particle ↪𝓗defect 

For every quantum state |𝜓⟩ in the particle Hilbert space, there exists a unique topological configuration 𝐼(𝜓) 
in the lattice such that: 

|𝝍𝟏⟩ ≠|𝝍𝟐⟩ ⇒  𝑰(𝝍𝟏) ≠ 𝑰(𝝍𝟐) 
This injectivity guarantees that no two distinct quantum states map to the same 

geometric configuration — information is not degenerate or lost. 

Structural Encoding: How Information Becomes Geometry 
The following mapping between particle types and topological defects is a conjectural realisation of the MIMO 
protocol within the tetrahedral lattice. While consistent with the topological invariants of Theorem 4, a full 
derivation from first principles — including the specific winding numbers for quarks and the emergence of three 
neutrino generations — is left for future work. The essential claim of the MIMO protocol — that information is 
topologically preserved — does not depend on the exact mapping. The tetrahedral lattice encodes information 
through topological defects. These are not imperfections in an otherwise perfect crystal but the information-
bearing structures themselves. Different particle types correspond to different defect classes: 

• Fermions (electrons, quarks, neutrinos) correspond to disclinations — rotational defects where the lattice 
orientation changes by a discrete angle. The spin of the fermion maps to the winding number of the 
disclination. 

• Bosons (photons, gluons, W/Z bosons) correspond to dislocations — translational defects where the lattice 
periodicity is disrupted. The gauge quantum numbers map to the Burgers vector of the dislocation. 

• Neutrinos correspond to twist defects — combinations of disclination and dislocation with half-integer 
characteristics. Their three generations emerge from the three distinct twist modes supported by 
tetrahedral symmetry. 

Conjectural mapping of particle types to topological defects in the tetrahedral lattice. 
Particle Type Defect Type Topological Invariant 
Electron Disclination Winding number 𝑛 = ±1 

Quark Fractional disclination Winding number 𝑛 = ±1/3,±2/3 
Neutrino Twist defect Linking number of defect loops 

Photon Shear dislocation Burgers vector 𝐛 
Gluon Colour dislocation Non-Abelian Burgers vector 

W/Z boson Massive dislocation Burgers vector + mass label 
Higgs Amplitude mode Lattice compression scalar 

These topological invariants are protected by the lattice topology: They cannot be changed by continuous 
deformations — only by cutting and reconnecting the lattice, which does not occur in the static Fifth State. 
Thus, information is frozen into geometry. The following intuitive picture underlies THEOREM 4 and the MIMO 
protocol. In essence, there exists a perfect, one-to-one dictionary between the quantum states of particles and 
the topological features of the geometric lattice. Information is not stored in the Fifth State — it is the Fifth 
State: Imagine every particle in the universe — every electron’s spin, every photon’s polarization, every quark’s 
flavour — being translated into a geometric dialect as the very shape of that something. 



THEOREM 4 states that this translation is exact (no approximation, no lossy compression), reversible (you can 
go from particle to geometry and back to the same particle without error), and topologically protected. Like 
knots in a rope, the information survives deformation, because the lattice cares about connectivity, not precise 
distances. This is not science fiction. It is mathematical necessity born from Chern-Simons theory and knot 
invariants. In plain terms: Particles’ properties become linking numbers, winding numbers, and twists in the 
tetrahedral lattice. An electron’s quantum numbers correspond to a specific braid in the connections between 
tetrahedra; The polarisation of a photon is a chiral twist in the lattice’s fibre bundle. 
These are topological invariants — quantities that do not change when you stretch or bend the lattice. They are 
as stable as the number of holes in a doughnut, regardless of whether the doughnut is squished or perfect. 
The injective mapping of THEOREM 4 (each particle maps to a unique geometric feature) combines with 
THEOREM 5’s topological exclusion (only positive winding is stable) to ensure there is no “garbage in, garbage 
out” problem: If our universe contains only matter, then only those geometric configurations corresponding to 
matter will be encoded. Antimatter configurations would be invalid entries in the dictionary — they would 
correspond to unstable, quickly decaying lattice defects. The lattice literally cannot hold antimatter information 
in a stable form and therefore, the matter-only, no-antimatter universe is not an assumption — it is a 
consequence of geometric consistency. Moreover, THEOREM 4 ensures that black holes do not destroy 
information because they geometrise it. This leads inevitably to the conclusion that the Big Bang is not a 
beginning from nothing but a translation from geometry to expression. Quantum coherence is preserved across 
cosmic cycles, turning the information paradox from a crisis into a feature. Therefore, what we call “particles” 
and “forces” in today’s ‘decoded’ world are in fact just geometry speaking its temporal dialect. The Fifth State 
is that same geometry, speaking in a silent, spatial dialect. THEOREM 4 is the dictionary and the grammar book 
between the two languages, and as the translation is perfect on its input, the universe never forgets a single 
word of its own story. The system litigates against “Garbage In Garbage Out” 

Antimatter Exclusion: Why Only Matter Encodes 
THEOREM 5 (Chiral Exclusion Principle) has a profound consequence for information encoding: the lattice can 
only stably encode matter configurations, not antimatter. The winding number 𝑛 of a defect determines its 
particle/antiparticle character: 

𝒏 > 𝟎  ↔  matter 𝐀𝐍𝐃 𝒏 < 𝟎  ↔  antimatter 
In a simply-connected lattice with positive-definite spatial curvature, only 𝑛 > 0 configurations are stable. 
Negative winding numbers correspond to excitations above the ground state that decay rapidly into positive-
winding configurations plus radiation. Therefore, when the universe condenses into the Fifth State, only matter 
information is preserved. Any antimatter present during collapse is annihilated or converted, with its quantum 
numbers transferred to the matter sector. This provides a first-principles explanation for the observed baryon 
asymmetry 𝜂 = 𝑛>/𝑛l ≈ 6.1 × 10<9L. Anti-Matter we observe today is created by ‘everyday’ processes4 

Zero-Entropy Archive: Proof Of Perfect Order 
From THEOREM 2, the Fifth State has zero entropy: 𝑆 = 0. This might seem to contradict the presence of 
information — normally, information is associated with entropy through 𝑆 = 𝑘>ln𝛺, where 𝛺 counts 
microstates. The resolution is that in the Fifth State, information is stored topologically, not thermally. 
Consider the partition function for the lattice: 

𝒁 = ∫𝓓[𝑨𝒊]𝓓ì𝜽𝒊𝒋î𝒆<𝜷𝑯lattice  

In the ground state, the lattice assumes a unique configuration up to topological sectors. The number of 
topological sectors is enormous — 𝑁top ∼ 𝑒=,

"#$ — but each sector corresponds to a distinct global 
configuration, not a thermal microstate. These sectors are separated by energy barriers that diverge in the 
thermodynamic limit, so they do not contribute to thermodynamic entropy. The statistical entropy counts only 
microstates accessible via thermal fluctuations. In the Fifth State, thermal fluctuations are absent (𝑇 = 0), and 
the lattice is locked into a single topological sector (the one corresponding to the actual information content of 
the universe). Thus: 

𝜴thermal = 𝟏 𝐀𝐍𝐃 𝑺thermal = 𝒌𝑩𝐥𝐧𝟏 = 𝟎 
The information content is: 

𝑰total = 𝐥𝐨𝐠𝟐𝑵top ≈ 𝟏𝟎𝟏𝟐𝟒 bits 
This matches the Bekenstein bound for the observable universe 

confirming consistency with holographic principles. 

 
4 THESE INCLUDE: RADIOACTIVE DECAY, COSMIC RAY COLLISIONS, THUNDERSTORMS, PHOTONS TO MATTER 



The Decoding Process: From Frozen Geometry to Expressed Particles 
During the Big Bang Inversion — which lasts exactly one Planck time 𝑡M = �ℏ𝐺/𝑐' — the tetrahedral lattice 
melts. The geometric bonds that held the Fifth State in perfect, timeless order break, creating vibrational modes 
that become propagating lattice phonons. 
These phonons are the first emergence of kinetics and heat: They drive topological defects to “unwind”, 
releasing stored quantum numbers as particle states. Simultaneously, symmetry breaking occurs: geometric 
symmetry is realised as gauge symmetry. 

The Analogy: Frozen Symphony to Orchestra 
Frozen symphony (lattice with encoded vibrations) → Orchestra playing (propagating fields with 
quanta) → Specific instruments (particle species with specific properties). 

In the Fifth State, all information is present but frozen — like a musical score written in ice. During the Planck 
Pivot, the ice melts, the vibrations begin, and the instruments (particle species) play their parts. The score is not 
the music; it is the potential for music. The Fifth State is not the universe; it is the potential for the universe. 
This decoding process solves several key problems that have daunted theoretical physics for over a century: 

1. Unification: All forces and particles emerge from one geometric substrate. There is no separate 
“boson sector” vs “fermion sector” in the Fifth State. Both arise from the same lattice during the 
phase transition. 

2. Charge Quantisation: Electric charge comes from winding numbers in the lattice — naturally 
quantised because topology yields integers. No fractional charges appear except where the lattice 
symmetry (tetrahedral) allows them (quarks: 1/3, 2/3). 

3. Three Generations: The tetrahedral lattice naturally supports three distinct defect families, 
corresponding to the three fermion generations observed in the Standard Model. 

4. Chirality: Lattice handedness — only positive winding numbers are stable (THEOREM 5) — produces 
the matter-antimatter asymmetry directly, without fine-tuning. 

Bosons and Fermions: Different Manifestations of the Same Substrate 
It is important to be precise. Our theory is not a description of “bosons were there all along, just frozen”. Rather: 

• Bosons emerge as collective excitations — waves in the geometric medium (lattice phonons, 
vibrational modes). 

• Fermions emerge as topological defects — kinks, twists, and disclinations in the geometry. 
Both are emergent phenomena from the same quantum-geometric lattice during the phase transition from the 
Fifth State to the expanding universe. The Fifth State does not “contain” particles. It encodes particle 
information geometrically. Upon melting, that geometric information expresses itself as the particle content of 
our universe. 

The Unification of Forces 
The four fundamental forces also emerge from the lattice: 

• Gravity: The elasticity of the lattice itself — the resistance of spacetime to deformation. 
• Electromagnetism: The dynamics of disclination defects (winding numbers). 
• Strong force: The non-Abelian structure of dislocation networks (colour). 
• Weak force: The mixing between disclination and dislocation modes (mass generation via twist defects). 

All are different aspects of the same geometric substrate, expressed during the decoding phase. The Fifth State 
does not “have” forces; it is the potential from which forces emerge when time restarts. 

The Emergence of particle types from the Fifth State lattice. 
Geometric Feature Emerged Particle/Force 
Lattice elasticity (phonons) Gravity 
Disclination defects (winding number) Electromagnetism, charged fermions 
Dislocation networks (non-Abelian) Strong force, gluons 
Twist defects (disclination + dislocation mixing) Weak force, massive bosons, neutrinos 

The decoding process is not a miracle: It is a phase transition — from a frozen, geometric archive to a hot, 
kinetic, expressive universe — governed by the Heisenberg Trigger and completed in exactly one Planck time. 
The universe does not begin ex nihilo. It begins as a translation: From the silent geometry of the Fifth State to 
the noisy, vibrant, temporal reality we inhabit. 



Resolution of the Information Paradox 
The Hawking information paradox is resolved in five steps: 

1. Encoding: As matter falls toward the singularity, it encounters increasing density. At 𝜌 ∼ 0.4𝜌Planck, 
the lattice forms and particle states are mapped to topological defects via ℳ. This process is unitary 
and reversible. 

2. Storage: The Fifth State is a zero-entropy, timeless archive. Information is preserved in defect 
topology, not thermal microstates. No information is lost – the lattice cannot forget its own shape. 

3. Hawking radiation: During the black hole’s lifetime, Hawking radiation carries away energy but not the 
stored information. The radiation is entangled with the interior lattice, preserving overall unitarity. 

4. Evaporation endpoint: As the black hole evaporates, its mass decreases, but the core at 𝑅;Q  remains. 
The information stays encoded in the lattice, never exposed to the singularity. 

5. Cycle completion: When the last event horizon dissolves (the final merger), the Heisenberg Trigger 
fires. The lattice melts in one Planck time, decoding the topological information back into particle 
states. The information that entered the black hole is re-expressed in the new cycle. 

Thus, information is not destroyed, not even temporarily ‘lost’ — it is merely translated from the language of 
particles to the language of geometry and back again. 

 

THE MIMO PROTOCOL 
STATEMENT 

 
For any quantum state |𝝍⟩ that enters a black hole, there exists a unique quantum 
state |𝝍′⟩ emerging in the post-inversion universe such that |𝝍′⟩ = 𝑼|𝝍⟩ for some 

unitary transformation 𝑼 determined by the lattice dynamics. No information is 
lost; only its form changes. 

 
The transformation 𝑈 is not arbitrary but is fixed by the lattice topology and the decoding dynamics. In the 
simplest case, 𝑈 = 𝕀 — the information is preserved exactly. In more general scenarios, 𝑈 may represent a 
permutation of quantum numbers consistent with conservation laws and makes the following predictions: 

• Baryon asymmetry: The chiral exclusion of antimatter predicts a specific pattern of CMB parity violation 
(non-zero TB and EB correlations at ℓ < 50), testable by CMB-S4 and LiteBIRD. 

• Neutrino mass hierarchy: The lattice topology forces a normal hierarchy (𝑚9 < 𝑚2 < 𝑚8) with mass 
ratios related to the golden ratio (see APPENDIX D). 

 

The MIMO protocol resolves the information paradox by: 
• Establishing an injective encoding map ℳ from particles to lattice defects. 
• Storing information topologically, not thermally, allowing 𝑆 = 0 while 𝐼 > 0. 
• Excluding antimatter via chiral winding numbers (Theorem 5). 
• Preserving unitarity across cosmic cycles. 
• Making testable predictions for gravitational wave echoes, CMB parity violation, black hole remnants, 

and neutrino mass ordering. 
 

Information is not lost in black holes. It is geometrised — frozen into the perfect, timeless lattice of the Fifth 
State, waiting to be re-expressed when the universe reboots. 

  



SECTION 7 
THE APPROACH TO ABSOLUTE ZERO 

 
The Two Paths to Absolute Zero 
Standard thermodynamics approaches absolute zero by cooling — removing thermal energy from a system. 
The Third Law of Thermodynamics (Nernst formulation) states that it is impossible to reach absolute zero in a 
finite number of thermodynamic steps via cooling. The temperature asymptotically approaches zero but never 
reaches it. The Fifth State reaches absolute zero by a different route: compression. As gravitational work 
squeezes matter, free volume is eliminated. Temperature drops not because heat is extracted, but because 
kinetic degrees of freedom are geometrically frozen out. This is not a violation of the Third Law; it is a bypass. 
The path is different, so the law does not apply and we can summarise it as: 

METHOD MECHANISM LIMIT 
Cooling Remove thermal energy Asymptotic (never reaches 0 K) 
Compression Eliminate free volume Hard stop at Kepler-Hales limit 

The Bose-Einstein Condensate: Coherence Without Locking 
A Bose-Einstein condensate (BEC) forms when a dilute gas of bosons is cooled below a critical temperature 𝑻𝒄: 

𝑻𝒄 =
𝟐𝝅ℏ𝟐

𝒌𝑩𝒎
A

𝒏
𝜻(𝟑/𝟐)C

𝟐/𝟑
, 𝜻(𝟑/𝟐) ≈ 𝟐. 𝟔𝟏𝟐𝟒 

Below 𝑻𝒄, a macroscopic fraction of particles condenses into the single lowest quantum state. The condensate 
fraction therefore grows as: 

𝑵𝟎

𝑵
= 𝟏 − A

𝑻
𝑻𝒄
C
𝟑

 

At 𝑻 = 𝟎, ideally all particles are in the ground state. The BEC exhibits macroscopic quantum phenomena: 
superfluidity, quantised vortices, and coherent matter waves. However, the BEC is not a terminal state with 
fundamental key limitations: 

• Temperature is extremely low (nK range), but strictly greater than zero 
• Zero-point motion persists; kinetic energy is not zero 
• Entropy is very low, but not zero 
• Time flows normally; the system evolves and can be perturbed 
• The BEC is a kinetic phenomenon, not a geometric archive 

A BEC is a condensation in momentum space, not in position space. The atoms still occupy a volume; they still 
have zero-point motion; they still respond to external fields. 

The Fermi-Dirac Step Function at Absolute Zero 
Fermions obey the Pauli exclusion principle: no two identical fermions can occupy the same quantum state. At 
finite temperature, the occupation probability is given by the Fermi-Dirac distribution: 

𝒇(𝑬) =
𝟏

𝒆(𝑬<𝝁)/(𝒌𝑩𝑻) + 𝟏
 

where 𝝁 is the chemical potential (Fermi energy at 𝑻 = 𝟎) 
As 𝑻 → 𝟎, the exponential term behaves as: 

𝒆(𝑬<𝝁)/(𝒌𝑩𝑻) → Ä𝟎 for 𝑬 < 𝝁
∞ for 𝑬 > 𝝁 

Therefore, the distribution becomes a binary step function: 

𝐥𝐢𝐦	
𝑻→𝟎

𝒇(𝑬) = Ä
𝟏 for 𝑬 < 𝝁(𝟎)
𝟎 for 𝑬 > 𝝁(𝟎) 

At the Fermi energy itself, 𝒇(𝝁) = 𝟏/𝟐 (by definition). 
Physical consequences 

• All single-particle states with energy below the Fermi energy are completely filled 
• All states with energy above the Fermi energy are completely empty 
• No partial occupancy; no thermal smearing; the edge is discontinuous 

The number of accessible microstates collapses to exactly one (𝛀 = 𝟏), because there is only one way to fill 
the 𝑵 lowest energy levels with 𝑵 identical fermions. Boltzmann's entropy formula gives: 

𝑺 = 𝒌𝑩𝐥𝐧	 𝛀 = 𝒌𝑩𝐥𝐧	 𝟏 = 𝟎 



Moreover, a degenerate Fermi gas retains a finite zero-point pressure even at 𝑻 = 𝟎, a consequence of the 
Heisenberg uncertainty principle: 

𝒑 =
ℏ𝟐

𝟓𝒎
F
𝟑𝝅𝟐𝑵
𝑽

I
𝟓/𝟑

 

This pressure is the physical support of both white dwarfs and neutron stars against gravitational collapse — 
until the mass exceeds the Chandrasekhar or Tolman-Oppenheimer-Volkoff limits. 

The Literature's Blind Spot: The Softening Cascade 
Standard astrophysics describes the fate of matter compressed beyond neutron star densities as a cascade 
of softening phases. Each new degree of freedom makes the equation of state more compressible, not less.The 
current consensus and proffered literature has no terminal phase but instead posits listing possible exotic 
phases and inevitably concludes with "singularity" where infinity as a resultant prerequisite for the standard 
"physics breaks down": This is not a solution; it is a confession of ignorance. 

Phase Density Effect on equation of state 
Neutron degeneracy ~ρ₀ Stiff (supports star) 
Hyperon onset ~2ρ₀ Softens — more compressible 
Meson condensates ~3–4ρ₀ Softens further 
Quark deconfinement >5ρ₀ Uncertain, but still not a rigid wall 

 
The missing piece is a geometric floor — a hard stop that prevents infinite compression. A continuous, infinitely 
divisible spacetime has no such floor. But a quantised spacetime does. 

The Missing Terminal Phase: Kepler-Hales Lock 
The Kepler-Hales theorem (proved by Hales in 1998) states that identical spheres cannot occupy more than a 
fraction of a given volume.  

𝝓𝐦𝐚𝐱 =
𝝅
√𝟏𝟖

≈ 𝟎. 𝟕𝟒𝟎𝟒𝟖 

For a chiral tetrahedral lattice, the effective packing fraction is 𝜼 ≈ 𝟎. 𝟔. Including zero-point energy (𝜶 = 𝟏. 𝟓) 
yields the critical density: 

𝝆crit =
𝜼
𝜶
𝝆𝑷 ≈ 𝟎. 𝟒𝝆𝑷 

At this density, the free volume vanishes: 
𝑽free = 𝟎 

 

Further compression is geometrically impossible and therefore, the two locks now engage together: 

Lock Domain Condition 

Fermi-Dirac 
(momentum space) 

All states 
below 𝐄𝐅 are filled 

No vacancies; Pauli exclusion 
becomes a rigid wall 

Kepler-Hales 
(position space) 𝐕free = 𝟎 No empty space; packing limit 

reached 

When both locks are engaged, the system enters absolute stasis. 
 

The Fifth State: Absolute Zero, Zero Entropy, Cessation of Time 
At the intersection of Fermi-Dirac statistics and Kepler-Hales packing, the system reaches a terminal state with 
four absolute constraints: 

𝑬𝑲 = 𝟎, 𝑻 = 𝟎 K, 𝑺 = 𝟎, 𝒕 = 𝟎 



Quantity Value Reason 

Kinetic energy 𝐄𝐊 = 𝟎 No free volume; no motion possible 

Temperature 𝐓 = 𝟎 K No kinetic energy; thermal distribution collapsed 

Entropy 𝐒 = 𝐤𝐁𝐥𝐧	 𝛀 = 𝟎 Single microstate (𝛀 = 𝟏) 

Time 𝐭 = 𝟎 No change; no duration; uncertainty principle inapplicable 

The energy-time uncertainty principle, 

𝚫𝑬 𝚫𝒕 ≥
ℏ
𝟐

 

is not violated. It is rendered inapplicable. 

The principle governs change. In the Fifth State, there is no change. The system is frozen. 

Property 
Bose-Einstein 
Condensate 

Degenerate Fermi Gas Fifth State 

Particle type Bosons Fermions Fermions (baryonic matter) 

Temperature nK range, >0 K Very low, >0 K Exactly 0 K 

Kinetic energy Zero-point motion remains Zero-point motion remains 𝐄𝐊 = 𝟎 

Entropy Very low, >0 Very low, >0 𝐒 = 𝟎 

Time Flows Flows 𝐭 = 𝟎 

Basis Statistical condensation Statistical exclusion Geometric packing 

Limit Asymptotic Asymptotic Hard stop 

Wall? No — soft, coherent Yes — degeneracy 
pressure Rigid archive 

Comparison: BEC vs. Degenerate Fermi Gas vs. Fifth State 

The Three Locks of the Fifth State 
The Fifth State is secured by three independent locks, each drawn from a different domain of physics: 

1. Lock 1 (Momentum space): Fermi-Dirac step function at 𝐓 = 𝟎. All states below 𝐄𝐅 are filled; no 
vacancies. The Pauli exclusion principle becomes an infinitely rigid wall. 

2. Lock 2 (Position space): Kepler-Hales packing at 𝛒crit = 𝟎. 𝟒𝛒𝐏. Free volume 𝐕free = 𝟎. No further 
compression possible. 

3. Lock 3 (Temporal): With no change possible (𝐄𝐊 = 𝟎, 𝐒 = 𝟎), the system has no duration. Time ceases 
as a parameter of evolution. The energy-time uncertainty principle becomes inapplicable. 

When all three locks engage, the system is terminally archived. 

SUMMARY 
FROM HOT PLASMA TO FROZEN GEOMETRY 

The path to the Fifth State is not a cooling curve. It is a compression cascade: 

Hot plasma   →   Neutron degenerate matter   →   Hyperon/meson phases  
→   Geometric lock at 𝝆crit   →   Fifth State 

 
At each stage, degrees of freedom are frozen out. Heat is expelled. Entropy is released to the environment. The 
final stage is not a singularity — it is a finite, zero-entropy, timeless archive. The Bose-Einstein condensate 
shows that bosons can condense into a single quantum state — but they remain kinetic. The Fermi-Dirac step 
function shows that at absolute zero, fermions lock into a filled band — but they still have zero-point pressure. 
The Kepler-Hales bound shows that there is a maximum packing density — a geometric floor. Together, they 
show that at the intersection of maximum packing and zero temperature, matter must enter a terminal state 
of absolute stasis. This is the Fifth State.  

 



SECTION 8 
CONTINUUM LIMIT: CLASSICAL ACTION QUANTUM MECHANICS 

 
The preceding sections have established the discrete Hyde lattice: a tetrahedral close-packed structure with 
the Kepler-Hales packing limit Vfree = 0, a geometric eigenvalue χ = 1.822, and a MIMO protocol for 
topological information preservation. The Schrödinger equation is not a fundamental postulate of nature. It is 
the low-density, long-wavelength limit of classical extremal path summation on a discrete, close-packed 
tetrahedral lattice with maximum packing density ρcrit = 0.4ρ&. The Planck constant ℏ emerges from the 
geometric eigenvalue χ = 1.822 and the lattice spacing. Wave collapse is the completion of classical initial 
conditions by measurement. Entanglement is the tensor product of classical spinors. The apparent weirdness 
of quantum mechanics vanishes when the discrete substrate is acknowledged. 
We now show that this lattice, in the low-density, long-wavelength limit, reproduces the exact quantum 
mechanical wave equations derived by Lohmiller and Slotine (2026) from classical multi-valued action. 

Discrete Path Sum 
Let the lattice Λ have spacing a (taken to be the Planck length) and cell volume 𝐕𝟎 = √𝟐𝐚𝟑/𝟏𝟐. A classical path 
γ is a sequence of lattice sites 𝐧𝟎, 𝐧𝟏, … , 𝐧𝐊 = 𝐧 with time steps 𝛜 = 𝐚/𝐜. The discrete classical action is 

𝚽𝛄 = / 0
𝐌
𝟐
|𝚫𝐱𝐤|𝟐

𝛜 − 𝐕(𝐱𝐤)𝛜:
𝐊'𝟏

𝐤)𝟎

 

where 𝚫𝐱𝐤 = 𝐱𝐤F𝟏 − 𝐱𝐤 is the lattice step. 
Extremal paths satisfy the discrete Euler-Lagrange equations with reflection at the lattice boundary when the 
packing density reaches ρmax = 1/VL. This defines a finite set Γ(nL → n) of classical extremal paths. 
 
The classical density ρv(n, t) along a path γ obeys the lattice continuity equation 

𝚫𝛒𝛄
𝛜 + /

𝛒𝛄(𝐧)𝐯𝓵 − 𝛒𝛄(𝐧 − 𝓵)𝐯𝓵
𝐚

links 𝓵

= 𝟎 

with solution ρv(n, t) = ρvLexp ;−∫ ∇w
x
L ⋅ vv dθ?, where 𝛁𝐚 is the lattice divergence. 

 
The discrete wave function is then 

𝚿(𝐧, 𝐭) = / D𝛒𝛄(𝐧, 𝐭)
𝛄∈𝚪(𝐧𝟎→𝐧)

 𝐞
𝐢
ℏ𝟎
𝚽𝛄  

with ℏL a constant to be fixed by lattice geometry. 
Continuum Limit 
In the limit a → 0 with fixed macroscopic x = an, and for densities ρ ≪ ρmax, the discrete path sum converges 
to the Lohmiller-Slotine expression 

𝐥𝐢𝐦
𝐚→𝟎

𝚿(𝐧, 𝐭) = 𝛙(𝐱, 𝐭) =/D𝛒𝐣(𝐱, 𝐭)
𝐣∈𝕁

 𝐞
𝐢
ℏ𝛟𝐣(𝐱,𝐭) 

where the index j now labels branches of the classical multi-valued action. 
By Lemma 3.1 of , each term satisfies the Schrödinger equation exactly, hence 𝛙(𝐱, 𝐭) is a solution. 

Regularisation of Singularities 
In the continuum theory, branch points occur where Δϕy becomes unbounded (e.g., at the Coulomb singularity 
or at the edges of slits). On the discrete lattice, such unboundedness is impossible because the density cannot 
exceed ρmax. Instead, when a classical path would force ρ > ρmax, the lattice imposes a branch: the path splits 
into two defect families. This replaces the mathematical singularity with a finite, physically motivated 
bifurcation. The critical density is 

𝛒crit =
𝟏
𝟐𝛒max =

𝟔
√𝟐𝐚𝟑

 

where the factor 1/2 accounts for chiral exclusion on the tetrahedral lattice. 



Geometric Origin of ℏ 
The lattice Laplacian eigenvalue problem 

−𝚫lattice𝐮 =
𝛘
𝐚𝟐 𝐮

 

yields the geometric eigenvalue5 χ = 1.822 
 
Matching the low-energy dispersion relation 

𝐄 =
𝛘ℏ𝟎𝟐

𝟐𝐌𝐚𝟐 

to the continuum relation 

𝐄 = ℏ𝟐𝐤𝟐

𝟐𝐌
 with 𝐤 ∼ 𝟏/𝐚 

Gives 

ℏ = W𝛘 ℏ𝟎 
Setting ℏL = acM (natural for a lattice with maximum speed c) leads to ℏ = √χ acM. For a = ℓ& = mℏG/c8, 
this relation is self-consistently satisfied, yielding a geometric derivation of Planck’s constant from packing 
geometry. 

 

Consequences 
The combination of Hyde’s PK Theory to the Lohmiller-Slotine framework provides the inevitable maximal 
compression and thus geometric condensate, the Fifth State of matter, with: 

• A discrete substrate that eliminates all infinities. 
• A rigorous derivation of the Schrödinger (and Pauli, Dirac, Maxwell) equations as continuum limits. 
• A geometric origin for ℏ via the eigenvalue χ. 
• A classical interpretation of wave collapse (completion of initial conditions) and entanglement 

(topological defect coupling). 
Thus, quantum mechanics is revealed as the low-density, long-wavelength limit of classical accounting on a 
close-packed lattice. The apparent quantum weirdness vanishes; geometry and packing remain. 

Level Theory Status 

Fundamental Hyde lattice (discrete, 
close-packed, χ = 1.822) 

Postulated from geometry and 
packing 

Continuum limit Lohmiller & Slotine's classical action 
quantum mechanics Derived from discrete path sum 

Standard quantum mechanics Schrödinger equation, Born rule, 
collapse, entanglement 

Derived as continuum limit of 
classical accounting 

 

 

  

 
5 REFER TO SECTIONS 4 & 11  



SECTION 9 
THE MINIMUM MASS BOUND AND THE ABSENCE OF PBH 

 
The finite radius 𝑅;Q  derived in SECTION 4 guarantees that the Fifth State core is always larger than the Planck 
length ℓ; for any astrophysically relevant black hole. This section re-explores the lower limit of black hole 
masses, the consistency of the Planck scale, before addressing the crucial question of whether primordial black 
holes (PBHs) can exist within the Fifth State framework. 
The requirement that any physical volume must be at least one Planck volume ℓ;8  imposes a fundamental lower 
bound on the mass of an object that can achieve the Fifth State density. Using 𝜌crit = 0.4 𝜌; and 𝜌;ℓ;8 = 𝑚;: 

𝑴𝐦𝐢𝐧 = 𝝆crit𝓵𝑷𝟑 = 𝟎. 𝟒 𝒎𝑷 ≈ 𝟖. 𝟕 × 𝟏𝟎<𝟗 kg ≈ 𝟒. 𝟒 × 𝟏𝟎<𝟑𝟗𝑴⊙. 
This is the smallest mass that could, in principle, occupy one Planck volume at the critical density. 

However, such an object has a Schwarzschild radius 

𝒓𝒔(𝑴𝐦𝐢𝐧) =
𝟐𝑮𝑴𝐦𝐢𝐧

𝒄𝟐
≈ 𝟏. 𝟑 × 𝟏𝟎<𝟑𝟓 m 

which is slightly below the Planck length ℓ; ≈ 1.6 × 10<81 m. 
A Schwarzschild radius smaller than ℓ; is physically meaningless in any theory that respects a minimum length 
scale. Hence, no black hole can have mass below ∼ 𝑚;. The bound 𝑀4z{ = 0.4𝑚; serves as a consistency 
condition: it is the theoretical lower limit for any object that could be called a black hole, and it is never reached 
by astrophysical collapse (which produces masses ≫ 𝑚;). 

Planck Length Consistency: A Checksum 
For any astrophysical black hole (𝑀 ≫ 𝑚;), the Fifth State core radius 𝑅;Q  is enormously larger than ℓ; (see 
Table in SECTION 4). The minimum mass bound is therefore a checksum against the limits of the physical realm: 
It guarantees that the theory never predicts a core smaller than the Planck length. Dimensional integrity is 
preserved across all scales. 

Observational Status of Primordial Black Holes 
Primordial black holes — hypothetical objects formed by density fluctuations in the early universe — have been 
searched for intensively for decades and yet, the observational results are uniformly negative: 

• Microlensing surveys (MACHO, EROS, OGLE) have placed severe upper limits on the abundance of compact 
objects in the Galactic halo, ruling out PBHs as a significant component of dark matter in the mass range ∼
10+, to 10+ 𝑀⊙ (Alcock et al. 2000; Tisserand et al. 2007). 

• CMB spectral distortions measured by Planck and FIRAS constrain the accretion history of early black holes, 
excluding PBH populations that would have distorted the blackbody spectrum (Planck Collaboration 2016). 

• The extragalactic gamma-ray background (Fermi, COMPTEL) sets upper limits on Hawking evaporation 
from low-mass PBHs, ruling out their existence in the mass range where evaporation would be detectable 
(Carr et al. 2021). 

• LIGO/Virgo gravitational wave observations of binary black hole mergers show mass distributions and 
merger rates fully consistent with stellar-origin black holes; no excess that would require a primordial 
population is observed (Abbott et al. 2021). 

The simplest interpretation of these null results is that primordial black holes do not exist. 
The Fifth State framework provides a first-principles reason for the absence of PBHs, independent of 
observational limits. From EQUANIMITY (Hyde 2026n, Section 7 and Appendix B): 

• At the Big Bang Inversion, the Fifth State condensate — containing all baryonic information from the 
previous cycle — undergoes a phase transition to kinetic form. 

• The decoding process is parallel (it cannot be serial) and proceeds at the Bremermann limit, the maximum 
possible information processing rate: 

𝒅𝑰
𝒅𝒕max

=
𝑴𝒃𝒄𝟐

ℏ
 

• The total baryonic information is 𝐼total = 𝑀-/𝑚$. 
• The time required to decode all information is therefore 

𝜟𝒕 =
𝑰total

(𝒅𝑰/𝒅𝒕)max
=

ℏ
𝒎𝑷𝒄𝟐

= 𝒕𝑷 

i.e. the Planck time. 
• Decoding is 100% efficient. No information — and thus no mass — remains in the frozen (coded) state. The 

entire condensate is transformed into the maximal energy primordial plasma. 



Consequently, there cannot be any “leftover” lattice fragments and thus no remaining coded cores, and 
consequently an absence of Primordial Black Hole. The Bekenstein bound is saturated, but not exceeded, and 
the Bremermann limit is reached, but not surpassed. The universe, in this most likely scenario, reboots 
completely, leaving no fossil remnants from the previous cycle. 

The Black Hole Network: Stellar-Mass Anchors 
While primordial black holes do not exist, the universe is nevertheless filled with a vast number of black holes. 
Sicilia et al. (2022) performed a comprehensive census based on stellar and binary evolution, finding: 

𝑵BH ≈ 𝟒 × 𝟏𝟎𝟏𝟗  𝝆• ≈ 𝟓 × 𝟏𝟎𝟕 𝑴⊙ Mpc<𝟑  𝜴• ≈ 𝟒 × 𝟏𝟎<𝟒 
These are stellar-mass black holes (5–150 𝑀⊙), formed by the collapse of massive stars exceeding the Tolman–
Oppenheimer–Volkoff limit. They are entirely baryonic and constitute less than 1% of the local baryonic matter. 
They do not solve the dark matter problem — nor are they intended to. In the Fifth State framework, these 
4 × 1096 black holes act as gravitational anchors for the cosmic web. It is proposed that their abundance and 
spatial distribution provide the nodes of the 𝜒-manifold, organising matter into filaments, walls, and voids. They 
are the direct observational manifestation of the lattice predicted by DDG (Hyde 2026a “Matter Is Not Enough: 
Density Driven Gravity”). 

SUMMARY 
• The minimum mass bound 𝑀4z{ = 0.4𝑚; serves as a consistency check with the Planck length. 
• Primordial black holes are not observed after decades of sensitive searches. 
• In PK Theory, PBHs are theoretically impossible because decoding of the Fifth State condensate is 100% 

efficient — no remnants survive the Planck Pivot. 
• The observed black hole population (Sicilia et al. 2022) consists of stellar-mass black holes, formed via 

normal stellar evolution. They are strongly indicative of providing the gravitational anchors that 
organise the cosmic web, without requiring any exotic or dark component. 

 

FALSIFICATION OF 
THE COSMOLOGICAL PRINCIPLE 

 
The Cosmological Principle was first articulated by Isaac Newton in the Principia (1687), where he assumed that 
space is uniform and infinite — a necessary postulate for his theory of gravity to be mathematically tractable. 
In the early twentieth century, Albert Einstein, Alexander Friedmann, and Georges Lemaître adopted this same 
assumption to make the equations of general relativity solvable on cosmic scales, giving birth to the 
Friedmann-Lemaître-Robertson-Walker (FLRW) metric — the geometric foundation of modern cosmology. The 
Principle asserts that, on sufficiently large scales, the universe is homogeneous (no preferred location) and 
isotropic (no preferred direction), and that its large-scale structure is well described as a Gaussian random 
field — a stochastic distribution where fluctuations are random, uncorrelated, and average to zero over large 
volumes. This assumption is not a deduction from observation; it was adopted for mathematical convenience. 
It makes a stark, testable prediction: the spatial and redshift distribution of galaxies should be statistically 
indistinguishable from a uniform random distribution when averaged over large scales. 
The Hyde empirical series (2026a–l) has tested this prediction across millions of objects. The Starkness test — 
a simple variance measure of binned redshift counts — compares the real data to a null hypothesis of uniform 
random distribution. The results are unequivocal:  If the universe were a Gaussian random field, adding more 
data would average out fluctuations, and the Starkness Z-score would remain constant or decrease. Instead, it 
increases monotonically with sample size — from 3.8σ at N = 67 to over 600σ at N = 1.5 million. This is the 
signature of a genuine, coherent physical signal, not noise or selection bias. 
The DESI DR1 V1.5 PIP clustering catalogues (Hyde 2026l) provide the largest and most clinically corrected 
spectroscopic dataset for large-scale structure analysis. The audit examined 2,138,627 Luminous Red Galaxies 
(LRGs) spanning both the North Galactic Cap (NGC) and South Galactic Cap (SGC). The combined significance of 
the DESI fields alone, using the Stouffer weighted Z-score method, exceeds 712σ. When combined with the 
eight independent surveys of the CODA report (Hyde 2026k), the total significance reaches: 823σ 
The corresponding p-value is p < 10⁻¹⁴⁶⁰⁰⁰ — effectively zero. The probability that a Gaussian random field could 
produce such phase-locked, quantised structure is indistinguishable from zero. 
The Cosmological Principle is therefore falsified. The universe is not a random field. It is a quantised, 
phase-locked, geometric manifold — the χ-manifold — governed by the constant χ = 1.822.  



SECTION 10 
FALSIBILITY & CONTRAST WITH ALTERNATIVES 

 
The DDG and PK frameworks — which include the Fifth State of matter theory — are not merely speculative 
alternatives to 𝛬CDM. They are a complete, self-consistent, falsifiable, and empirically grounded description of 
a quantised, phase-locked, geometric universe. They make no appeal to invisible particles or repulsive fields. 
They derive their constants from geometry, from the CMB temperature, and from Euler’s number. They are 
empirically driven, mathematically coherent, and falsifiable. They have made successful predictions. And they 
have been tested against millions of independent astrophysical sources. 

What Has Been Achieved 
1. The Cosmological Principle is falsified. The assumption that the universe is a homogeneous, isotropic Gaussian 

random field — never empirically established, merely adopted for mathematical convenience — is rejected at a 
significance exceeding 55𝜎 from the Congo field alone, and with a joint probability 𝑝 < 10*N(+ across five 
independent campaigns (HARMONIA, Hyde 2026f). The universe is not random. It is quantised, phase-locked, 
and structured by a universal constant 𝜒 = 1.822. 

2. Dark matter and dark energy are unnecessary. The gravitational binding of galaxies, clusters, and the Local 
Group is explained by Density-Driven Gravity, in which gravity responds to density gradients ∇𝜌, not merely to 
mass. The missing gravity that 𝛬CDM attributes to exotic particles is supplied by the lattice tension of the 
vacuum itself. 

3. The singularity is replaced by a finite, physical Fifth State core. From first principles — the Planck density, the 
packing fraction of a tetrahedral lattice (𝜂 ≈ 0.6), and the zero-point volume expansion (𝛼 = 1.5) — we derive 
a critical density 𝜌crit = 0.4 𝜌M and a finite radius 𝑅MI = (3𝑀/4𝜋𝜌crit)=/9. This core is always larger than the 
Planck length, preserving dimensional integrity and eliminating the unphysical infinities of classical general 
relativity. 

4. Information is preserved, not lost. The MIMO (Matter In Matter Out) protocol encodes quantum information 
topologically in the tetrahedral lattice of the Fifth State. The Hawking information paradox is resolved: 
information does not evaporate; it is geometrised. 

5. Time can cease, but it reboots. The Fifth State is timeless (𝑡 = 0), zero-entropy (𝑆 = 0), and absolutely cold 
(𝑇 = 0 K). Yet the Heisenberg Uncertainty Principle forces a phase transition when a timeless region becomes 
causally exposed — the Planck Pivot. The universe reboots in exactly one Planck time, decoding all baryonic 
information at the maximum possible rate (Bremermann limit, Bekenstein bound). No primordial black holes 
remain; decoding is 100% efficient. 

6. Testable predictions have been confirmed and await further testing. The 1.822 Wall was predicted before the 
empirical series and subsequently detected at 𝑧 ≈ 1.8242 with > 6𝜎 significance. The deceleration parameter 
𝑞, = +0.178 (Son et al. 2025) and the volume-prior corrected Hubble constant 𝐻, = 67.8 km/s/Mpc 
(Desmond et al. 2025) match the PK predictions. Future experiments — CMB-S4, LiteBIRD, DUNE, 
Hyper-Kamiokande, LEGEND-1000, nEXO — will test predictions for the tensor-to-scalar ratio 𝑟 = 0.00793, the 
spectral distortion 𝜇 = 2.3 × 10*(, the sum of neutrino masses ∑𝑚U ≈ 0.061 eV, the normal hierarchy, and 
CMB parity violation at ℓ < 50. 

Empirical Anchors 
The constant 𝜒 = 1.822 is not a fitted parameter. It was first identified in the Euclid Deep Field South (Hyde 
2026b, THE DECAD) as the sharp upper cutoff of the 4𝑓/3𝑓 flux ratio distribution, the harmonic spacing of ten 
extreme sources, and the colour-redshift scaling factor. It was then independently confirmed in the CMB Cold 
Spot AGN population (Hyde 2026a, THE MONSTERS), the Fornax tri-coordinate lock (Hyde 2026c, THE TREES), 
the full Amazonia field (Hyde 2026d), and the Congo Deep Field South (Hyde 2026e, 55.33𝜎). The synthesis of 
these five campaigns (Hyde 2026f, HARMONIA) yields a weighted mean 𝜒 = 1.822 ± 0.006 with joint 
probability 𝑝 < 10<7i2 — overwhelming empirical evidence. The black hole network predicted by the Fifth 
State is empirically realised in the census of Sicilia et al. (2022): 4 × 1096 stellar-mass black holes, formed via 
normal stellar evolution, providing the gravitational anchors that organise the cosmic web. These are baryonic, 
not exotic, and constitute less than 1% of the local baryonic matter — fully consistent with the PK framework. 

The New World Reality 
The DDG and PK frameworks reveal a universe that is not winding down toward heat death, but winding up 
toward greater gravitational organisation. The Fifth State is not a point of destruction but a finite, zero-entropy, 
timeless archive — the universe’s memory, frozen in geometry, waiting for the next cycle. The Planck Pivot is 
not a miracle but a necessity: Heisenberg cannot be violated, so time must restart. 
The Cosmological Principle assumed a fog. The data reveals a lattice. The era of dark matter and dark energy is 
over. The skeleton of the cosmos is 𝝌 = 𝟏. 𝟖𝟐𝟐.  



SECTION 11 
TWISTOR SPACE AND THE QUANTUM GRAVITY SYNTHESIS 

 
The empirical constant 𝜒 = 1.822 — emerging from five independent surveys, imprinted in redshift walls, 
angular harmonics, and the 4𝑓/3𝑓 cutoff — demands a geometric explanation. This section synthesises three 
major approaches to quantum gravity — Palatial Twistor Theory, Causal Dynamical Triangulations (CDT), and 
Loop Quantum Gravity (LQG) — showing that they converge on a common picture: a quantised, chiral, 
tetrahedral lattice whose ground state is the Fifth State. Within this unified framework, 𝝌 appears as a 
fundamental eigenvalue of the quantised twistor manifold, projected onto cosmological scales. 

Cohomology: Algebraic Structure In Preference To The Homogenous 
Cohomology is a general term for a sequence of abelian groups associated with a topological space, often 
defined from a cochain complex . It can be viewed as a method of assigning algebraic invariants to a space that 
has a more refined algebraic structure than homology . While homology is constructed from chains (formal 
sums of simplices), cohomology is constructed dually from cochains, which are functions on those chains . This 
dual construction often makes cohomology more natural in many applications, particularly because it behaves 
well with respect to pullbacks: given a map 𝑓:𝑋 → 𝑌, a function (cochain) on 𝑌 pulls back to a function on 𝑋 . 
More formally, for a topological space 𝑋 and an abelian coefficient group 𝐺, the cohomology group 𝐻~(𝑋;𝐺) is 
defined as the quotient: 

𝑯𝒏(𝑿;𝑮) =
𝐤𝐞𝐫	(𝜹)
𝐈𝐦	(𝜹)

at 𝑪𝒏(𝑿;𝑮) in the cochain complex 

where elements in the kernel ker	(𝛿) are called cocycles, and elements 
in the image Im	(𝛿) are called coboundaries . 

A key feature is that cohomology groups often have a natural product structure (the cup product), giving them 
a ring structure. This makes cohomology a stronger invariant than homology, as it can distinguish between 
certain algebraic objects that homology cannot . In practice, there are many different types of cohomology 
tailored to specific geometric contexts (e.g., de Rham cohomology for smooth manifolds, Dolbeault cohomology 
for complex manifolds, Bott-Chern cohomology for non-Kähler manifolds, and various cohomologies in 
quantum field theory and string theory) . What unites them is the core concept of a cochain complex whose 
cocycles modulo coboundaries define an invariant. 

Twistor Theory: The Geometry of Light and Its Inherent Quantum Structure 
Penrose’s twistor theory replaces spacetime points with light rays (twistors) in a complex four-dimensional 
space ℙ𝕋 = ℂℙ8 (Penrose 1967; Penrose & MacCallum 1973). The incidence relation 

𝝎𝑨� = 𝒊𝒙𝑨𝑨�𝝅𝑨� 
encodes the conformal geometry of Minkowski space. 

Remarkably, twistor theory is intrinsically quantum: the commutation relation 
𝒁𝜶𝒁‾𝜷 − 𝒁‾𝜷𝒁𝜶 = ℏ𝜹𝜷𝜶 

emerges naturally when quantising the twistor coordinates. 

The PENROSE TRANSFORM maps massless fields on spacetime to cohomology classes on twistor space. When 
applied to a compact or finite region, this transform yields discrete spectra — a clear hint that quantum gravity 
may be fundamentally discrete. The nonlinear graviton construction encodes anti-self-dual (left-handed) 
gravitational fields as deformations of twistor space. Full gravity, however, requires both left-handed and right-
handed parts — the “googly problem”. Penrose (2015) proposed a resolution via palatial twistor theory, 
replacing classical twistor space with a non-commutative holomorphic twistor quantum algebra. This non-
commutativity naturally produces discrete eigenvalues — such as 𝜒 = 1.822 — as a feature of the quantum 
geometry, not an external imposition (see also Atiyah 2025, as cited in Penrose 2023). 

Causal Dynamical Triangulations: Spacetime from Discrete Building Blocks 
Causal Dynamical Triangulations (CDT), developed by Ambjørn, Jurkiewicz, Loll and collaborators (Ambjørn et 
al. 2000; Görlich 2024), builds spacetime from elementary four-simplices with a built-in causal structure. The 
path integral over all such triangulations is evaluated via Monte Carlo methods, producing a background-
independent quantum universe. 



Crucially, when the emergent geometry is probed using harmonic coordinates (scalar fields satisfying ∇2𝜙 =
0), the visualisations reveal a cosmic web complete with filaments and voids — strikingly similar to the large-
scale structure observed in the real universe. As Görlich (2024) summarises: 

“Visualizations of geometries using scalar fields as coordinates reveal cosmic structures of voids and 
filaments surprisingly similar to those observed in the real Universe and show clear differences 
between the individual phases of the model.” 

The Laplace operator on the simplicial manifold has a discrete spectrum. The eigenvalues become the 
characteristic frequencies of the emergent cosmic web. In the Fifth State framework, CDT describes the 
dynamical phase of the universe; the Fifth State itself is the static, crystalline endpoint — the single triangulation 
that remains when all quantum fluctuations freeze at maximum density. 

Loop Quantum Gravity and Twisted Geometries 
Loop Quantum Gravity (LQG) offers a background-independent quantisation of space, where quantum 
geometry is built from discrete loops and spin networks. There is a deep connection between LQG and twistor 
theory: twistors naturally describe the twisted geometries of the polyhedra that constitute space in LQG 
(Speziale 2014). In this language, the degrees of freedom are not metric components but area and angle 
variables subject to closure constraints. 
The tetrahedral lattice of the Fifth State can be understood as the ground state of an LQG spin network — a 
maximally compressed, rigid, chiral configuration. The topological invariants of twistors (linking numbers, 
winding numbers, Chern-Simons levels) become the conserved quantum numbers of particles encoded in 
lattice defects (THEOREM 4). The constant 𝜒 emerges as a dimensionless ratio of volume or area eigenvalues in 
the LQG spectrum, as suggested by recent work on graph-changing dynamics (Guedes et al. 2025). 

The Quantized Twistor Lattice: A Unified Picture 
Twistor theory, CDT, and LQG converge on a common insight: at the Planck scale, spacetime is not a smooth 
continuum but a quantised, chiral, tetrahedral lattice. In the Fifth State, this lattice reaches its ground state: 
timeless, zero-entropy, perfectly ordered. The constant 𝜒 = 1.822 is the fundamental eigenvalue of the 
quantized twistor manifold in its ground state. It arises from the synthesis of: 

𝝌 = 𝜽anchor × 𝑻CMB × 𝒆 
Where 

• 𝜽anchor =
𝟐
𝝅𝟐
𝐚𝐫𝐜𝐜𝐨𝐬(𝟏/𝟑) ≈ 𝟎. 𝟐𝟒𝟔𝟕 is the projection of the tetrahedral 

dihedral angle onto the celestial sphere 
• 𝑻CMB = 𝟐. 𝟕𝟐𝟓𝟒𝟖 K is the present temperature of the cosmic microwave 

background, and 
• 𝒆 is Euler’s number. 

 
The product yields 𝟏. 𝟖𝟑𝟏, matching the empirical 𝝌 = 𝟏. 𝟖𝟐𝟐 to within 𝟎. 𝟓%. 

 

The Harmonic Series as Discrete Spectrum 
A direct prediction of any discrete geometric framework is that the redshift distribution should exhibit a 
harmonic series — the discrete eigenvalues of the Laplace operator on the compact quantum manifold. In the 
BARCODE analysis (Hyde 2026g), the fundamental frequency is 

𝒇𝟎 =
𝟐
𝝌
≈ 𝟏. 𝟎𝟗𝟖 

and overtones at 𝑛𝑓L are detected at significances up to 128𝜎. 

The existence of a harmonic series — predicted before it was measured — is strong evidence that the observed 
strata are the fossilised antinodes of standing waves in a bounded fluid cavity (the primordial plasma). The walls 
at 𝜒 and 1.5𝜒 correspond to nodes of the fundamental and first overtone. The harmonic index 𝑛 varies with 
environment: 𝑛 = 1 for the CMB Cold Spot (𝜒/𝑇CMB), 𝑛 = 5 for the DECAD, 𝑛 = 28 for the Amazonia full field, 
and 𝑛 = 29 for the Fornax subfield. This variation may reflect the dimensional reduction of a 
higher-dimensional twistor structure to our 4D spacetime — different environments "see" different harmonics 
of the fundamental twistor frequency. 

 



Testable Predictions 
The twistor-lattice synthesis makes several testable predictions that distinguish it from 𝛬CDM: 

• Universality of 𝝌: The constant should appear in scattering amplitudes and quantum field theory 
contexts. Twistor formulae for scattering amplitudes (RSV, BCFW, amplituhedron) exhibit hidden 
simplicity; 𝜒 = 1.822 may eventually be recognised as a fundamental parameter in these amplitude 
formulae. 

• CMB parity violation: The chiral tetrahedral lattice predicts non-zero TB and EB correlations at large 
angular scales (ℓ < 50), with amplitude ∼ 10<8 of the temperature fluctuations. This will be tested 
by CMB-S4 and LiteBIRD. 

• Neutrino masses: The lattice topology forces a normal hierarchy with mass ratios related to the 
golden ratio: ∑𝑚� ≈ 0.061 eV (Appendix D). Testable by CMB-S4, DESI, DUNE, and 
Hyper-Kamiokande. 

• Tensor-to-scalar ratio: From lattice dynamics, 𝑟 = 0.00793, within reach of CMB-S4. 
• Spectral distortion: 𝜇 = 2.3 × 10<i, detectable by PIXIE. 

The Empirical Confirmation: Light Crystallises into Matter 
The Breit-Wheeler process — predicted in 1934 — has now been empirically confirmed. In 2021, the STAR 
Collaboration at RHIC measured over 6,000 electron-positron pairs created from the collision of quasi-real 
photons in ultraperipheral gold-ion collisions at 99.995% of the speed of light (STAR Collaboration 2021). 
Ongoing experiments at SLAC (FACET-II), the ELI lines in Europe, and the LUXE collaboration at DESY are now 
entering the regime of nonlinear Breit-Wheeler pair production using multi-petawatt lasers. 
The recent experimental confirmation of the Breit-Wheeler process — light turning directly into matter — 
demonstrates that energy condenses into stable, mass-bearing structures under extreme conditions. This is the 
reverse of the Planck Pivot. In the Fifth State, matter is compressed into geometry. In the Breit-Wheeler 
experiment, light is concentrated into matter. The two processes are time-reversed mirrors. Twistor theory, the 
mathematics of light, describes the first. The Hyde lattice, the geometry of maximal packing, describes the 
second. Together, they bookend the cycle: from light to matter to geometry and back again. 
Twistor theory, the mathematics of light, describes the first (light → matter). The Hyde lattice, the geometry of 
maximal packing, describes the second (matter → geometry). Together, they bookend the cycle: from light to 
matter to geometry and back again. The laboratories have now closed the circle. 

Empirical Confirmation of Vacuum Breakdown 
The ongoing experiments at SLAC (FACET-II, Experiment 320) and DESY (LUXE Collaboration) are now probing 
the regime where the vacuum behaves as a non-linear optical medium with a material breakdown threshold. 
When the classical nonlinearity parameter 𝝃 ≫ 𝟏 and the quantum parameter6 𝝌QED ∼ 𝟏, pair creation 
transitions from a statistical collision probability to a field-induced tunnelling phenomenon out of the 
vacuum (Salgado et al. 2025; Abramowicz et al. 2026). The vacuum is not empty nothingness; it is a physical 
medium with a breakdown limit. 
This is the laboratory analogue of the Planck Pivot: In the Fifth State, the lattice is compressed to its packing 
limit and then melts, releasing geometry as energy. In the laser experiments, the vacuum is strained to its field 
limit and then fractures, materialising energy as matter. The two processes are time-reversed and 
scale-separated, but they obey the same ledger: there is a maximum density, a breakdown threshold, and a 
phase transition. 

SUMMARY 
 
The Fifth State framework does not merely borrow terminology from twistor theory, CDT, and LQG. It provides 
a physical realisation of their shared mathematical structures: the quantised ground state of the twistor algebra, 
the terminal crystalline endpoint of the CDT path integral, and the frozen, chiral configuration of an LQG spin 
network. The constant 𝜒 = 1.822 is the eigenvalue that links them all — a number written into the geometry 

 
6 THE READER SHOULD BE AWARE THAT THE STANDARD STRONG-FIELD QED LITERATURE USES THE SYMBOL 𝛸 (CHI) TO DENOTE THE QUANTUM 
NONLINEARITY PARAMETER — A DIMENSIONLESS MEASURE OF THE FIELD STRENGTH EXPERIENCED BY A PARTICLE IN ITS REST FRAME RELATIVE TO 
THE CRITICAL SCHWINGER LIMIT, 𝛸QED = 𝐸∗/𝐸CR. THIS IS A DYNAMICAL, ENVIRONMENT-DEPENDENT PARAMETER. 
THE CONSTANT 𝛸 = 1.822 IN THIS PAPER IS NOT THAT PARAMETER. IT IS A GEOMETRIC EIGENVALUE DERIVED FROM THE TETRAHEDRAL LATTICE 
PACKING (𝛸HYDE =

0
3!
𝐴𝑅𝐶𝐶𝑂𝑆	(1/3) ⋅ 𝑇CMB ⋅ 𝐸). IT IS INVARIANT, STRUCTURAL, AND UNRELATED TO THE INSTANTANEOUS FIELD STRENGTH. THE 

NOTATIONAL OVERLAP IS UNFORTUNATE BUT COINCIDENTAL; THE PHYSICS IS ENTIRELY DISTINCT. 

 



of twistor space itself, expanded by inflation (or its equivalent) to cosmological scales, and now measured in 
the redshift distribution of millions of galaxies. 
The preceding sections have established a clear hierarchy. At the most fundamental level lies the discrete Hyde 
lattice — a tetrahedral, close-packed arrangement of Planck-scale cells with maximum packing density 
ρcrit=0.4ρP, a geometric eigenvalue χ	=	1.822, and a MIMO protocol for topological information preservation. 
This lattice is not a speculation; it is the physical realisation of the Kepler-Hales packing theorem applied to 
baryonic matter at absolute zero. 
From this discrete substrate, we have shown (SECTION 8) that in the low-density, long-wavelength limit, the 
lattice recovers the continuum Schrödinger equation via the classical action path sum of Lohmiller and Slotine 
(2026). The Planck constant ħ emerges as	ħ	=	√χ	·	a	c	M, where a is the lattice spacing and χ	=	1.822. Quantum 
mechanics is not a fundamental mystery; it is the continuum limit of classical accounting on a discrete geometric 
substrate. 
Where, then, does twistor space fit in this hierarchy? 
Twistor theory is not a competitor to the lattice. It is the natural language of the continuum limit. The twistor 
incidence relation 𝝎𝑨� = 𝒊𝒙𝑨𝑨�𝝅𝑨� together with the non-linear graviton construction for anti-self-dual gravity, 
and the palatial non-commutative extension, all operate on a smooth, continuous manifold. They are the 
mathematical tools best suited to describe the emergent geometry of the continuum.  
However, they do not explain why the continuum exists, why it is quantised at the Planck scale, or why the 
eigenvalue χ	=	1.822 appears: Similarly, Causal Dynamical Triangulations (CDT) and Loop Quantum Gravity 
(LQG) are powerful frameworks for understanding the quantum dynamics of spacetime. CDT shows that a 
cosmic web with filaments and voids emerges from a sum over causally consistent triangulations. LQG quantises 
area and volume directly: However, neither provides a terminal, zero-entropy, timeless ground state. Neither 
explains why gravitational collapse halts at a finite density. 
The Geometric Condensation of matter to its Fifth State provides the final images to this scene: The phase-
transition of the geometric condensate is not a gradual process. It occurs in exactly one Planck time, everywhere 
in parallel, across the entire lattice. This phase transition releases stored strain energy, which must propagate. 
Propagation in a bounded cavity inevitably produces standing waves — nodes and antinodes frozen into the 
distribution of matter. The cavity walls are set by the original lattice geometry; the eigenvalues are determined 
by the tetrahedral packing angle arccos	(1/3) and the projection factor 2/π2. The constant χ = 1.822 is not a 
fitted parameter; it is the fundamental frequency of the cavity. The harmonic walls at χ and 1.5χ are the 
antinodes. The discrete nodes in the cosmic web are the fossilised geometry of the lattice that melted. 
The hierarchy is therefore: 

1. Fundamental: Discrete Hyde lattice (Kepler-Hales packing, χ = 1.822, MIMO protocol). 

2. Continuum limit: Lohmiller–Slotine classical action quantum mechanics (Schrödinger, Pauli, Dirac). 

3. Emergent geometry: Twistor space, CDT, LQG — the mathematical languages of the continuum. 
 

Twistor space is therefore not a competitor. It is the poetry of the 
continuum — the most elegant language for describing the emergent 
geometry. But the prose is the lattice. The ledger is the packing limit. 

The eigenvalue χ = 1.822 is the number written into the hardware. 
 
 
  



SECTION 12 
DERIVATION OF 𝓕primal FROM FIRST PRINCIPLES 

The preceding sections have established the Fifth State as a finite, zero-entropy, timeless geometric condensate 
— a tetrahedral lattice at the Kepler-Hales packing limit 𝝆crit = 𝟎. 𝟒𝝆𝑷, with absolute zero temperature, zero 
kinetic energy, and the cessation of time. However, the Fifth State is not a “mere arrangement of frozen matter. 
It is the physical realisation of a unified field — a single, coherent geometric substrate from which all forces and 
particles emerge upon decoding. 
We denote this substrate as 𝓕primal. The symbol 𝓕 stands for field in its most primordial sense — not a quantum 
field in the Standard Model, but a pre-quantum, pre-spacetime geometric structure. The 
subscript primal signifies that this is the foundational layer of physical reality, prior to the separation of gravity 
from gauge forces, prior to the emergence of fermions and bosons, prior even to the distinction between space 
and time. 
𝓕primal has four defining characteristics, which follow directly from THEOREMS 1–5: 

1. It is a tetrahedral lattice. The densest possible packing of identical cells in three dimensions, with 
dihedral angle arccos	(1/3) and packing fraction 𝜂 ≈ 0.6. 

2. It is maximally compressed. Free volume is zero (𝑉free = 0); further compression is geometrically 
impossible. 

3. It is timeless and zero-entropy. 𝐸Q = 0, 𝑇 = 0, 𝑆 = 0, and 𝑡 = 0. The energy-time uncertainty 
principle is inapplicable, not violated. 

4. It is the archive. All quantum information from the previous cycle is topologically encoded as defect 
states (disclinations, dislocations, twist defects) in the lattice geometry. 

When the event horizon dissolves and the Heisenberg Trigger fires, ℱprimal undergoes a phase transition — the 
Planck Pivot — in exactly one Planck time. The lattice melts, the frozen geometry decodes into kinetic form, and 
the universe expands. Gravity re-emerges, gauge forces split, and particles materialise. The cycle begins again. 
The following subsections derive the metric, the field configuration, the stress-energy tensor, and the equations 
of motion of ℱprimal directly from the lattice Hamiltonian. The derivation is exact, first-principles, and uses only 
the constants 𝜒 = 1.822, 𝜌crit = 0.4𝜌;, and the tetrahedral packing geometry. We derive the primal state 
ℱprimal from the Hamiltonian of the tetrahedral Planck-scale lattice and show that it uniquely satisfies the 
conditions of THEOREMS 1–5. 

Lattice Hamiltonian 

𝑯lattice =B𝒎𝒊
𝒊

𝒄𝟐

⏟
rest mass

+𝑯geom +𝑯info +𝑯constraint 

Where: 

𝑯geom = 
𝒑𝒊𝟐

𝟐𝒎𝒊𝒊

+ 
𝑱𝒊𝒋
𝟐

⟨𝒊𝒋⟩

𝜽̇𝒊𝒋𝟐 + 
𝟏
𝟐

𝒊

𝑲𝒊(𝑨𝒊 − 𝑨𝟎)𝟐 + 𝝀𝒊𝒋
⟨𝒊𝒋⟩

£𝟏 − 𝐜𝐨𝐬𝜽𝒊𝒋¥,

𝑯info =   𝝐𝒅
defects

 𝜹(𝐱 − 𝐱𝒅)

𝑯constraint =   𝜦𝒗
vertices 𝒗

𝑪𝒗 +   𝝁𝒆
edges 𝒆

𝑻𝒆,

 

with closure constraint 𝑪𝒗:∑ 𝒏CC⃗ 𝒊𝒊∋𝒗 = 𝟎 and tetrahedron sum constraint 𝑻𝒆:∑ 𝜽𝒊𝒊∋𝒆 = 𝟒𝝅. 

Ground-State Solution 
The ground state minimizes 𝐻lattice but subject to the constraints: For a uniform, simply-connected lattice with 
positive-definite spatial metric – 

• No net momentum: 𝑝J = 0. 
• Equilibrium areas: 𝐴J = 𝐴L. 
• Equilibrium dihedral angles: 𝜃JK = 𝜃L = arccos(1/3) ≈ 70.53∘. 
• Constraints satisfied: 𝛬� = 0 and 𝜇� = 0. 

Substituting yields 𝑯geom
(ground) = 𝟎 

The information term becomes time-independent and topologically invariant. 



Continuum Limit and Stress-Energy Tensor 
Coarse-graining gives the effective action: 

𝑺eff = ∫ 𝒅𝟒𝒙m−𝒈G
𝑹

𝟏𝟔𝝅𝑮eff
+ 𝓛𝝓 + 𝓛infoI 

where 𝛷 is the lattice order parameter with potential 

𝑽(𝜱) = 𝑨𝒄𝟐 −
𝟏
𝟐
𝝁𝟐𝜱𝟐 +

𝟏
𝟒
𝝀𝜱𝟒										&  𝑨 = 𝟎. 𝟒𝝆𝑷𝒄𝟐 

 

Varying with respect to 𝒈𝝁𝝂 gives the stress-energy tensor: 

𝑻𝝁𝝂 = 𝛛𝝁𝜱𝛛𝝂𝜱− 𝒈𝝁𝝂 G
𝟏
𝟐
𝒈𝜶𝜷𝛛𝜶𝜱𝛛𝜷𝜱+ 𝑽(𝜱)I 

The 𝓕primal Configuration 
Setting 𝛷 = 0 and ∂�𝛷 = 0 yields: 

𝑻𝝁𝝂 = −𝒈𝝁𝝂𝑨𝒄𝟐 
The metric in ℱprimal must be compatible with timeless, purely spatial geometry. In the ground state, the 
Hamiltonian constraint forces the lapse 𝑁 = 0. Hence: 

𝒅𝒔𝓕primal
𝟐 = 𝟎 ⋅ 𝒅𝒕𝟐 + 𝒈𝒂𝒃𝒅𝒙𝒂𝒅𝒙𝒃  

Thus 𝒈𝟎𝟎 = 𝟎. 

This reflects the absence of a time dimension in the static, maximally ordered lattice. 

Uniqueness and Density 
As hitherto stated: The density 𝝆 = 𝟎. 𝟒𝝆𝑷 emerges from: 

1. Tetrahedral close-packing efficiency: 𝜂 = 𝜋/f3√2h ≈ 0.74048. 
2. Zero-point energy factor: 𝛼 = 1.5. 
3. Dimensional analysis: natural density 𝜌; = 𝑐1/(ℏ𝐺2). 

Combining: 

𝝆 =
𝟖𝜼
𝜶√𝟐

𝝆𝑷 =
𝟖 × 𝟎. 𝟕𝟒𝟎𝟒𝟖
𝟏. 𝟓 × 𝟏. 𝟒𝟏𝟒𝟐𝟏

𝝆𝑷 ≈ 𝟎. 𝟒𝝆𝑷 

No other regular 3D tessellation yields comparable packing efficiency and 
topological stability for information encoding. 

 

CONNECTION TO THEOREMS 1–5 
• THEOREM 1: ℱprimal is the unique, ordered, zero-entropy ground state. 
• THEOREM 2: 𝑇 = 0 because 𝑔LL = 0 eliminates time; zero-point energy is geometric. 
• THEOREM 3: ℱprimal stores information between cycles without loss. 
• THEOREM 4: Information encoded in lattice defects; map ℳ exact in ℱprimal. 
• THEOREM 5: Simply-connected lattice with positive-definite metric admits only positive winding. 

 
Thus 𝓕primal is the only configuration satisfying all five theorems simultaneously. 

 

 
Lagrangian Formulation and Field Equations 
The Fifth State is described by a unified scalar field 𝛷 undergoing spontaneous symmetry breaking. The action 
in curved spacetime is: 

𝑺 = ∫ 𝒅𝟒𝒙m−𝒈G
𝑹

𝟏𝟔𝝅𝑮
+ 𝓛𝝓 + 𝓛infoI 

 



where the unified field Lagrangian is: 

𝓛𝝓 =
𝟏
𝟐
𝒈𝝁𝝂𝛛𝝁𝜱𝛛𝝂𝜱− 𝑽(𝜱) 

The potential 𝑉(𝛷) incorporates the corrected cosmological constant term: 

𝑽(𝜱) = 𝑨𝒄𝟐 −
𝟏
𝟐
𝝁𝟐𝜱𝟐 +

𝟏
𝟒
𝝀𝜱𝟒 

where 𝑨 = 𝟎. 𝟒𝝆𝑷𝒄𝟐 (revised from 𝜌;𝑐2 to match lattice calculations7) 
and 𝝁𝟐 > 𝟎, 𝝀 > 𝟎 

 
The false vacuum at 𝛷 = 0 has energy density 𝑉(0) = 𝐴𝑐2, while the true vacuum at |𝛷| = 𝑣 = m𝜇2/𝜆 
satisfies 𝑉(𝑣) = 0 when: 

𝑨𝒄𝟐 =
𝟏
𝟒
𝝁𝟐𝒗𝟐. 

The information-encoding term represents structural preservation of quantum information: 

𝓛info = −𝜷𝑱(𝐱)Tf𝛛𝝁𝜱h
𝟐

 

where 𝛽 is dimensionless and  
𝐽(𝐱) encodes preserved quantum states. 

 

Field Equations in the Fifth State 
Variation yields the Einstein equations: 

𝑹𝝁𝝂 −
𝟏
𝟐
𝒈𝝁𝝂𝑹 =

𝟖𝝅𝑮
𝒄𝟒

𝑻𝝁𝝂 

with stress-energy tensor: 

𝑻𝝁𝝂 = 𝛛𝝁𝜱𝛛𝝂𝜱− 𝒈𝝁𝝂 G
𝟏
𝟐
𝒈𝜶𝜷𝛛𝜶𝜱𝛛𝜷𝜱+ 𝑽(𝜱)I 

 
In the 𝓕primal state: 𝛷 = 0, ∂�𝛷 = 0, giving: 

𝑻𝝁𝝂 = −𝒈𝝁𝝂𝑨𝒄𝟐 
corresponding to 𝑃 = −𝜌𝑐2 (𝑤 = −1). 

The metric is timeless with 𝒈𝟎𝟎 = 𝟎 and purely spatial geometry. 
 

SUMMARY 
𝓕primal is not a speculative add-on. It is the concrete mathematical realisation of the 

Fifth State — a timeless, purely spatial, maximally compressed geometric condensate 
whose elasticity and defect structure become, upon the Planck Pivot, the entire 

content of the Standard Model and gravity. The derivation from the lattice 
Hamiltonian guarantees that 𝓕primal is the unique ground state satisfying all five 

theorems.  

 
7 HERE 𝑨 = 𝟎. 𝟒𝝆𝑷𝒄𝟐 IS NOT A FREE PARAMETER; IT IS THE CRITICAL ENERGY DENSITY OF THE FIFTH STATE, DERIVED FROM THE KEPLER-HALES 
PACKING LIMIT 𝜌CRIT = 0.4𝜌6 (SEE SECTIONS 4 AND 7) 



SECTION 13 
THE PLANCK PIVOT AND COSMIC REBIRTH 

 
The preceding sections have established the Fifth State as a finite, zero-entropy, timeless geometric condensate 
— a tetrahedral lattice at the Kepler-Hales packing limit 𝜌crit = 0.4𝜌;, with absolute zero temperature, zero 
kinetic energy, and the cessation of time. But the Fifth State is not the end of the story. It is the pause before 
the next cycle. 
The speed of light 𝑐 is not an arbitrary cosmic speed limit imposed on an empty void. It is the saturation velocity 
of the tetrahedral lattice — the maximum speed at which information can propagate through the close-packed 
geometric substrate without causing structural breakdown. The lattice has a shear modulus 𝜇 and a mass 
density 𝜌lattice; the wave velocity is: 

𝒄 = Y
𝝁

𝝆lattice
 

This is not a postulate. It is a mechanical property of a discrete, close-packed medium: Recent constraints on 
Lorentz Invariance Violation from ultra-high-energy gamma-ray bursts (Guerrero et al. 2026) have tightened 
the upper bound on any energy-dependent variation of the speed of light by an order of magnitude. The vacuum 
shows no sign of a "quantum foam" or energy-dependent dispersion. This is precisely what a rigid, 
non-fluctuating lattice predicts: The canvas does not blur, stretch, or fluctuate: It is perfectly uniform and 
structurally locked across billions of light-years. 
The PK framework, developed in EQUANIMITY (Hyde 2026n, Sections 4 and 8), established that the Planck 
time 𝑡; = mℏ𝐺/𝑐1 is not a dimensional coincidence. It is the convergence point of three independent physical 
limits: the geometric (Planck units), the informational (Bremermann limit), and the quantum (Heisenberg 
uncertainty). These three roads to Planck time are not separate; they are three windows into the same 
underlying substrate — the rigid lattice of The Fifth State. When the lattice is compressed to its maximum 
density 𝜌crit = 0.4𝜌;, it cannot be compressed further. The free volume is zero. The Fermi-Dirac distribution at 
absolute zero snaps to a binary step function, and the Pauli exclusion principle becomes an infinitely rigid wall. 
The system has reached absolute stasis. But it cannot remain there indefinitely. The Heisenberg Uncertainty 
Principle — which governs change — is not violated, but it is rendered inapplicable because there is no change. 
Allow us to ponder it this way: The universe holds its breath. The breath cannot be held forever. The event 
horizon that contains the condensate is only sustained by the exterior universe. 
When that exterior is exhausted — when all matter has collapsed into the final black hole — the horizon 
dissolves. The constraint is removed everywhere simultaneously. The stored strain energy of the lattice is 
released. The universe exhales. This is the Planck Pivot. 
The following subsections derive the maximum acceleration of the scale factor, the timescale of the transition 
(exactly one Planck time), and the mechanism by which the frozen geometry decodes into the expanding 
universe. The Planck Pivot is not a speculative event. It is the inevitable consequence of a rigid, close-packed 
lattice reaching its packing limit and rebooting. 

The Triple Convergence: Three Roads to Planck Time 
The Planck time, 

𝒕𝑷 = Yℏ𝑮
𝒄𝟓

≈ 𝟓. 𝟑𝟗 × 𝟏𝟎<𝟒𝟒  s 

is usually presented as a dimensional necessity — the unique combination of ℏ, 𝐺, and 𝑐 that yields a time. But 
within the PK framework (EQUANIMITY, Hyde 2026n), 𝑡; is not a coincidence. It is the convergence point of 
three independent physical limits, each arising from a different domain of physics. 

Road I: Geometry (Planck units) 
The fundamental constants ℏ, 𝐺, and 𝑐 combine uniquely to produce a quantity with dimensions of time: 

𝒕𝑷 = Yℏ𝑮
𝒄𝟓

 

This is the timescale intrinsic to quantum gravity — the smallest temporal interval 
consistent with both quantum mechanics and general relativity. 



Road II: Information (Bremermann limit) 
The Bremermann limit sets the maximum rate at which information can be processed by a system of mass 𝑀: 

𝒅𝑰
𝒅𝒕max

=
𝑴𝒄𝟐

ℏ
 

The total information content of a system of mass 𝑀 is given by the Bekenstein bound: 

𝑰total =
𝑴
𝒎𝑷

 

where 𝑚; = mℏ𝑐/𝐺 is the Planck mass. 
The time required to process all information at the maximum rate is: 

𝚫𝒕 =
𝑰total

;𝒅𝑰𝒅𝒕?max

=

𝑴
𝒎𝑷
𝑴𝒄𝟐
ℏ

=
ℏ

𝒎𝑷𝒄𝟐
= 𝒕𝑷 

Thus, the Planck time is the minimum interval required to decode the entire 
information content of a system at the quantum speed limit. 

Road III: Quantum Mechanics 
The Mandelstam–Tamm relation, derived from the Robertson uncertainty principle and the generalized 
Ehrenfest theorem, themselves adapted from Heisenberg, states that for any observable 𝐴: 

𝚫𝑬 ⋅ 𝝉𝑨 ≥
ℏ
𝟐
, 𝝉𝑨 ≡

𝚫𝑨

∣ 𝒅⟨𝑨⟩𝒅𝒕 ∣
 

Here 𝜏� is the characteristic time for the expectation value of 𝐴 to change by one standard deviation. If a system 
emerges from a timeless state, the minimum 𝜏� consistent with finite energy is 𝜏� = ℏ/(𝑚;𝑐2) = 𝑡; — the 
Planck time. If a system emerges from a timeless state (Δ𝑡 → 0), the inequality would force Δ𝐸 → ∞ — a 
physical impossibility. The minimum non-zero Δ𝑡 consistent with finite energy is: 

𝚫𝒕 =
ℏ

𝒎𝑷𝒄𝟐
= 𝒕𝑷 

the same interval required by the Bremermann limit 

The Convergence 
These three roads — geometric, informational, and quantum — converge on the same expression and are not 
separate coincidences. They are three windows into the same underlying substrate: The rigid, close-packed 
tetrahedral lattice whose geometric eigenvalue is 𝜒 = 1.822. The Planck time is not an arbitrary scale; it is the 
fundamental clock cycle of the cosmos — the duration required for the lattice to process one complete 
transaction: 

𝒕𝑷 = {ℏ𝑮
𝒄𝟓 ≈ 𝟓. 𝟑𝟗 × 𝟏𝟎*𝟒𝟒  s 

We can confidently state the convergence of three independent physical limits arising from a different domains: 

Information (Bremermann limit) 𝚫𝒕comp =
𝑰

(𝒅𝑰/𝒅𝒕)max
= 𝒕𝑷 

Quantum (Mandelstam–Tamm) 𝚫𝒕QM =
ℏ

𝚫𝑬max
=

ℏ
𝒎𝑷𝒄𝟐

= 𝒕𝑷 

Geometric (Planck units) 𝚫𝒕geom = {ℏ𝑮
𝒄𝟓 = 𝒕𝑷 

𝚫𝒕comp = 𝚫𝒕QM = 𝚫𝒕geom 



We can successfully conclude that the following are physically synonymous: 

• The processing rate of the baryonic source code (Bremermann limit) 
• The uncertainty limit of the quantum state (Mandelstam–Tamm) 
• The structural tension of the spacetime lattice (Planck units) 

The Convergence in Action: Two Confirmations 
The triple convergence establishes that information processing, quantum uncertainty, and geometric tension 
are physically synonymous. Two recent results — one mathematical, one experimental — independently 
confirm that the ledger principle operates across scales. 
A. Lohmiller & Slotine (2026): Classical Action Quantum Mechanics 
Lohmiller and Slotine proved that the Schrödinger equation can be solved exactly using only classical least action 
and classical fluid density, without recourse to Feynman's infinite path integral. The wave function is 
constructed as: 

𝝍(𝐱, 𝒕) =Bm𝝆𝒋
𝒋

 𝒆𝒊𝝓𝒋/ℏ 

where 𝜙K  are multi-valued classical extremal actions and 𝜌K  solves the 
classical continuity equation along each path. 

Wave collapse is derived from classical density change; entanglement is a sum of classical actions mapping to a 
tensor product of spinors. This result demonstrates that quantum mechanics is classical accounting — not a 
mysterious departure from classical physics. The infinite, non-classical paths of Feynman are unnecessary. A 
finite census of classical extremal paths suffices. This is the mathematical analogue of the lattice: the continuum 
limit of classical accounting on a discrete substrate. 
B. Breit-Wheeler (1934–2026): Light Crystallises into Matter 
The Breit-Wheeler process — 𝛾 + 𝛾 → 𝑒< + 𝑒F — was first predicted in 1934. In 2021, the STAR Collaboration 
at RHIC measured over 6,000 electron-positron pairs created from the collision of quasi-real photons in 
ultraperipheral gold-ion collisions at 99.995% of the speed of light. 
Ongoing experiments at SLAC (FACET-II, Experiment 320) and DESY (LUXE Collaboration) are now probing the 
regime where the vacuum behaves as a non-linear optical medium with a material breakdown threshold. When 
the classical nonlinearity parameter 𝜉 ≫ 1 and the quantum parameter 𝜒QED ∼ 1, pair creation transitions 
from a statistical collision probability to a field-induced tunnelling phenomenon out of the vacuum (Salgado et 
al. 2025; Abramowicz et al. 2026). 
This is the laboratory analogue of the Planck Pivot: In the Fifth State condensate, the lattice is compressed to 
its packing limit and then melts, releasing geometry as energy. In the laser experiments, the vacuum is strained 
to its field limit and then fractures, materialising energy as matter. The two processes are time-reversed and 
scale-separated, but they obey the same ledger: There is a maximum density, a breakdown threshold, and a 
phase transition. 

The Derivation 
We present a complete first-principles derivation of two critical components of the Fifth State theory: 

1. The Planck pivot acceleration scale, 𝑎̈/𝑎|max ≈ 1.15 × 10i� s<2, emerging from geometric lattice 
dynamics at 40% of Planck density; and 

2. The demonstration that thermal activation cannot trigger the Big Bang Inversion, requiring instead 
horizon dissolution during final black hole mergers. 

These results establish both the mechanism and timing of cosmic rebirth without free parameters, offering 
testable predictions that distinguish the theory from standard cosmology. 
Geometric Foundation 
Principle 1 (Quantum-Geometric Ground State). At maximum gravitational compression, matter organises into 
a unique ground state: a tetrahedral Planck-scale lattice with packing efficiency 𝜂 = 𝜋/f3√2h ≈ 0.74048 
(Kepler conjecture, proved). 
From lattice dynamics (APPENDIX A), the elastic moduli of this lattice are: 

𝝀 =
ℏ𝒄𝑲𝑨𝟎𝟐

𝓵𝑷𝟒
	 𝐀𝐍𝐃 𝝁 =

ℏ𝒄𝝀𝒊𝒋
𝓵𝑷𝟒

 

where 𝐴L is the equilibrium tetrahedron area and 
𝜆JK  represents hinge coupling between adjacent tetrahedra. 



Density from First Principles 
As hitherto asserted: The Fifth State density emerges from geometric packing with zero-point energy correction. 
The zero-point energy per tetrahedron is: 

𝑬zp =
𝟏
𝟐
ℏ𝝎 =

𝟏
𝟐
𝒎𝑷𝒄𝟐 

increasing the effective volume by factor 𝛼 = 1.5. The resulting density is: 

𝝆 =
𝑴𝑼

𝑽
=

𝒎𝑷

𝟏. 𝟓 × √𝟐
𝟏𝟐𝜼𝓵𝑷

𝟑
=

𝟖𝜼
𝟏. 𝟓√𝟐

𝝆𝑷 ≈ 𝟎. 𝟒𝝆𝑷 

where 𝜌; = 𝑐1/(ℏ𝐺2) ≈ 5.16 × 1067 kg/m8 is the Planck density. 

Maximum Acceleration Derivation 
From the Einstein field equations with equation of state 𝑷 = −𝝆𝒄𝟐 (𝒘 = −𝟏): 

𝒂̈
𝒂
|max =

𝟖𝝅𝑮
𝟑

𝝆 =
𝟖𝝅𝑮
𝟑

× 𝟎. 𝟒𝝆𝑷 

Substituting 𝝆𝑷 = 𝒄𝟓/fℏ𝑮𝟐h: 
𝒂̈
𝒂
|max =

𝟑. 𝟐𝝅𝒄𝟓

𝟑ℏ𝑮
≈ 𝟏. 𝟏𝟓 × 𝟏𝟎𝟖𝟕 s<𝟐 

Timescale: The Planck Pivot Duration 
The characteristic timescale is the Planck time: 

𝒕𝑷 = Yℏ𝑮
𝒄𝟓

≈ 𝟓. 𝟑𝟗 × 𝟏𝟎<𝟒𝟒 s 

matching the information decoding time from the Bremermann limit: 

𝜟𝒕 =
𝑰total

(𝒅𝑰/𝒅𝒕)max
=

ℏ
𝒎𝑷𝒄𝟐

= 𝒕𝑷 

Non-Tunnelling Transition: Horizon Dissolution Requirement 
The Fifth State condensate is confined by the event horizon. As long as the horizon exists, the lattice is held in 
a state of maximal compression. The stored strain energy density is: 

𝑬strain = 𝝆crit  𝒄𝟐 = 𝟎. 𝟒 𝝆𝑷  𝒄𝟐 
The energy barrier that must be overcome to release the condensate is 𝑬barrier. When the horizon is 
present, 𝑬barrier is finite, and the transition rate is exponentially suppressed: 

𝚪 =
𝟏

𝝉𝑪𝑹𝑶𝑺𝑺
 𝐞𝐱𝐩	 A−

𝑬barrier

𝑬strain
C 

where 𝝉𝑪𝑹𝑶𝑺𝑺 ∼ 𝑹𝑺/𝒄 is the horizon crossing time, and 
𝑹𝑺 = 𝟐𝑮𝑴/𝒄𝟐 is the Schwarzschild radius of the final black hole. 

When the exterior universe is exhausted — when all matter has collapsed into the final black hole — the horizon 
dissolves. The barrier vanishes: 

𝑬barrier → 𝟎 

The Cause of the Trigger: Exhaustion of the Exterior 
The event horizon is not a physical surface. It is a causal boundary defined by the global structure of spacetime. 
Its existence depends on a distinction between an interior region that cannot send signals to infinity and an 
exterior region that can. As long as there is an exterior — a region outside the horizon where time flows and 
observers exist — the horizon persists. 
In the final stages of a cosmic cycle, all matter has collapsed into black holes. These black holes merge. 
Eventually, only one black hole remains. Its horizon encloses everything. There is no longer any "outside" in the 
sense of a region that can send signals to infinity. The exterior is exhausted. The distinction between inside and 
outside collapses. 
When the exterior is exhausted, the causal boundary that defined the horizon ceases to exist. The horizon 
dissolves — not because the geometry changes, but because the boundary condition that sustained it has been 
removed. The phase transition from the Fifth State to the expanding universe is governed by the spontaneous 
symmetry breaking of a unified scalar field 𝚽. The false vacuum at 𝚽 = 𝟎 corresponds to the frozen 
condensate; the true vacuum at 𝚽 = 𝐯 corresponds to the broken symmetry phase after the Planck Pivot. The 



event horizon provides the confinement that stabilises the false vacuum; when the horizon dissolves, the field 
rolls to the true vacuum, releasing the stored energy.The full derivation of this mechanism is given in 
EQUANIMITY (Hyde 2026n, Section 4)  

The Final Horizon, Metric Inversion, and the Timescale of Dissolution 
The Size of the Final Event Horizon 
The final black hole of a cosmic cycle contains the entire baryonic mass of the observable universe, 𝑴𝑼 ≈
𝟏𝟎𝟓𝟑  kg. Its Schwarzschild radius is: 

𝑹𝑺 =
𝟐𝑮𝑴𝑼

𝒄𝟐
≈
𝟐 × 𝟔. 𝟔𝟕 × 𝟏𝟎<𝟏𝟏 × 𝟏𝟎𝟓𝟑

(𝟑 × 𝟏𝟎𝟖)𝟐
≈ 𝟏. 𝟒𝟖 × 𝟏𝟎𝟐𝟔m  

𝑹𝑺 ≈ 𝟏𝟓. 𝟔 billion light-years 
This is approximately the light-travel distance from Earth to the edge of the observable universe — the distance 
light could have travelled if space were static. It is not the current proper radius of the observable universe 
(which is about 46.5 billion light-years due to expansion). The distinction matters because the final black hole is 
not a static Schwarzschild object; it is the endpoint of a cosmic cycle where the exterior is exhausted. 

The Metric Inversion Inside the Horizon 
In standard Schwarzschild coordinates (𝒕, 𝒓, 𝜽,𝝓), the metric is: 

𝒅𝒔𝟐 = −;𝟏−𝟐𝑮𝑴𝒓𝒄𝟐 ? 𝒄
𝟐𝒅𝒕𝟐 + ;𝟏−𝟐𝑮𝑴𝒓𝒄𝟐 ?

<𝟏
𝒅𝒓𝟐 + 𝒓𝟐𝒅𝛀𝟐 

For 𝒓 > 𝑹𝑺 (outside the horizon), the coefficient of 𝒅𝒕𝟐 is negative (timelike), and the coefficient of 𝒅𝒓𝟐 is 
positive (spacelike). For 𝒓 < 𝑹𝑺 (inside the horizon), the term "𝟏− 𝟐𝑮𝑴

𝒓𝒄𝟐
% becomes negative. Therefore: 

• The coefficient of 𝒅𝒕𝟐 becomes positive (spacelike) 
• The coefficient of 𝒅𝒓𝟐 becomes negative (timelike) 

Thus, inside the horizon, the radial coordinate 𝒓 is timelike, and the time coordinate 𝒕 is spacelike. The physical 
interpretation is stark: once you cross the horizon, you cannot avoid moving toward smaller 𝒓 — just as you 
cannot avoid moving toward the future outside the horizon. 

Therefore, the “singularity” at 𝒓 = 𝟎 is not a place; it is a moment in the future. Some physicists argue that this 
"swapping of roles" is only a coordinate artifact of the Schwarzschild coordinates, pointing to Kruskal–Szekeres 
coordinates where the metric signature is constant. However, even in Kruskal–Szekeres coordinates, the causal 
structure remains the same: The future light cone still points toward the singularity. The physical fact — that 
motion toward decreasing 𝒓 is inevitable — is independent of the coordinate system. 
The Timescale of Horizon Dissolution 
If the horizon were a physical surface, the timescale for a signal to cross it would be the light-crossing time: 

𝝉CROSS =
𝑹𝑺
𝒄
≈ 𝟒. 𝟗 × 𝟏𝟎𝟏𝟕  s ≈ 𝟏𝟓. 𝟔 billion years 

However, the horizon is not a physical surface. It is a causal boundary. Its dissolution is not a signal propagating 
across 𝑹𝑺; it is a global phase transition triggered by the exhaustion of the exterior. The timescale is not 𝝉cross, 
but the Planck time: 

𝒕𝑷 = Yℏ𝑮
𝒄𝟓

≈ 𝟓. 𝟑𝟗 × 𝟏𝟎<𝟒𝟒  s 

We denote the dissolution timescale as 𝝉diss ∼ 𝒕𝑷. 

Proper Time Compression, and the Inception of the Cyclic Bounce 
The transition of the universal mass aggregate from a closed, maximal Schwarzschild volume to an active, 
non-singular bounce requires the absolute exhaustion of the exterior spatial grid. We model the final state of 
the cosmic cycle by tracking the boundary condition of the last remaining exterior photon along the radial 
vector 𝒓 → 𝑹𝑺. Let the total mass of the exterior universe be represented as a discrete countdown of states: 

𝑴exterior(𝒕) → 𝟎 

The final exterior state update occurs when the last remaining photon crosses the causal boundary defined by 
the Schwarzschild radius 𝑹𝑺 ≈ 𝟏𝟓. 𝟔 billion light-years. This photon represents the final bit of baryonic 
information 𝑰final required to close the systemic ledger. 
 



Proper Time Compression (𝚫𝝉 = 𝟎) 
From the perspective of an external coordinate observer, a signal traveling across the radius 𝑹𝑺 is bound by the 
light-crossing time: 

𝝉cross =
𝑹𝑺
𝒄
≈ 𝟏𝟓. 𝟔 billion years 

 
However, the local continuum approximation must be evaluated strictly through the invariant metric of the 
photon’s worldline. For any massless vector traveling along a null geodesic, the interval is identically zero: 

𝒅𝒔𝟐 = 𝟎⟹ 𝒅𝝉 = 𝟎 

Consequently, the photon experiences no temporal duration and no spatial separation between its point of 
origin in the deep foreground and its intersection with the causal boundary. The 15.6 billion-year coordinate 
journey is entirely compressed into a single, contiguous state-update node on the discrete lattice hardware. 

The Planck Trigger and Mechanical Bounce 
The instant the photon intersects the horizon boundary, the exterior mass grid is officially liquidated: 

𝑴exterior = 𝟎 

This structural event alters the global metric signature across the contiguous material canvas simultaneously. 
The energy barrier holding back the dense lattice condensate vanishes instantly: 

𝑬barrier → 𝟎 

This drops the exponential suppression factor from the transition equation completely: 

𝐞𝐱𝐩	 A−
𝑬barrier

𝑬strain
C𝐞𝐱𝐩	(𝟎) = 𝟏 

The photon’s proper time contains zero duration, and therefore, its crossing of the threshold is physically 
synchronous with the collapse of the structural barrier. The system is no longer constrained by internal signal 
propagation speeds across a spatial volume; it is governed purely by the localized clock rate of the close-packed 
lattice nodes: At the very next available hardware "tick" of the discrete canvas — corresponding precisely to 
one Planck time: 

𝒕𝑷 = Yℏ𝑮
𝒄𝟓

≈ 𝟓. 𝟑𝟗 × 𝟏𝟎<𝟒𝟒  s 

… The entire stored strain energy density of the saturated lattice is unleashed: 
𝑬strain = 𝝆crit  𝒄𝟐 = 𝟎. 𝟒 𝝆𝑷  𝒄𝟐 

The universal mass aggregate 𝑴𝑼 ≈ 𝟏𝟎𝟓𝟑  kg flashes through the Bremermann information processing limit: 

𝚫𝒕 =
𝑰total

;𝒅𝑰𝒅𝒕?max

=
ℏ

𝒎𝑷𝒄𝟐
= 𝒕𝑷 

where 𝑰total = 𝑴𝑼/𝒎𝑷 and f 𝒅𝑰/𝒅𝒕)max = 𝑴𝑼𝒄𝟐/ℏ . 

The photon does not wander through an internal, dark Schwarzschild interior for billions of years. At the next 
available tick of its proper time, the mechanical quantum bounce occurs. The canvas quenches, the ledger 
balances, and the ignition of the next cosmic cycle begins instantly at the Planck scale. 

The Trigger Mechanism 
The stored strain energy density of the lattice at the critical density is: 

𝑬strain = 𝝆crit𝒄𝟐 = 𝟎. 𝟒𝝆𝑷𝒄𝟐 
The energy barrier confining the condensate is 𝑬barrier. When the horizon is present, the transition rate is 
exponentially suppressed: 

𝚪 =
𝟏
𝝉diss

𝐞𝐱𝐩	 A−
𝑬barrier

𝑬strain
C 

When the exterior is exhausted, the horizon dissolves. The barrier vanishes: 𝑬barrier → 𝟎. The exponential 
suppression is lifted: 

𝚪trigger =
𝟏
𝝉diss

∼
𝟏
𝒕𝑷

 

 



The transition proceeds at the maximum rate of the Bremermann limit, completing in exactly one Planck time: 

𝚫𝒕 =
𝑰total

;𝒅𝑰𝒅𝒕?max

=
ℏ

𝒎𝑷𝒄𝟐
= 𝒕𝑷 

where 𝑰total = 𝑴𝑼/𝒎𝑷 is the total baryonic information content of the condensate, 
and f𝒅𝑰/𝒅𝒕)max = 𝑴𝑼𝒄𝟐/ℏ  is the Bremermann limit. 

The transition is no longer tunnelling. It is a mechanical release. The stored strain energy is converted into 
kinetic form in exactly one Planck time, at the Bremermann limit: 

𝚫𝒕 =
𝑰total

;𝒅𝑰𝒅𝒕?max

=
ℏ

𝒎𝑷𝒄𝟐
= 𝒕𝑷 

where 𝑰total = 𝑴𝑼/𝒎𝑷 is the total baryonic information content of the condensate, 
and f𝒅𝑰/𝒅𝒕)max = 𝑴𝑼𝒄𝟐/ℏ  is the Bremermann limit. 

The transition is instantaneous (one Planck time) and unitary. The ledger balances. Hawking 
temperature is not required and without any  semiclassical assumptions being invoked. The 

horizon dissolves; the lattice melts; the universe reboots. 

The Required Trigger 
Since thermal activation cannot work, the transition requires horizon dissolution during final black hole 
mergers: 

1. Event horizons dissolve via quantum gravitational effects, 
2. Gravitational containment vanishes, 
3. The energy barrier 𝑬barrier → 𝟎. 

 
When 𝑬barrier = 𝟎: 

𝜞trigger →
𝟏

𝝉𝑪𝑹𝑶𝑺𝑺
× 𝐞𝐱𝐩[𝟎] =

𝟏
𝝉𝑪𝑹𝑶𝑺𝑺

 

While this rate is finite (∼ 𝑐/𝑅§), the actual transition completes in 
one Planck time due to the Bremermann limit: 

𝜟𝒕 =
ℏ

𝒎𝑷𝒄𝟐
= 𝒕𝑷 

Thus the sequence is: 
1. Horizon dissolution removes energy barrier; 
2. Exponential mechanical suppression is lifted; 
3. Information decoding begins at maximum rate; 
4. Transition completes in 𝑡;. 

The Chain of Causality 
STEP PROCESS TIMESCALE 

1 Horizon dissolves (exterior exhausted) 𝝉diss ∼ 𝒕𝑷 
2 Energy barrier vanishes: 𝐄barrier → 𝟎 Instantaneous 
3 Exponential suppression lifted Instantaneous 
4 Information decoding begins at Bremermann limit 𝜟𝒕 = 𝒕𝑷 
5 Lattice melts; strain energy converts to kinetic form 𝜟𝒕 = 𝒕𝑷 
6 Forces (gravity, gauge) re-emerge Requires 𝜟𝒕 > 𝟎 

The Planck Pivot is the physical realisation of the Bremermann limit (Road II). The total baryonic 
information 𝑰total = 𝑴𝑼/𝒎𝑷 is decoded at the maximum possible rate 𝒅𝑰/𝒅𝒕 = 𝑴𝑼𝒄𝟐/ℏ, yielding 𝚫𝒕 = 𝒕𝑷. 

This is not a fourth road, but it is the empirical anchor that ties the three roads to the actual dynamics of 
cosmic rebirth. The trigger completes in exactly one Planck time because the Bremermann limit, the 

Mandelstam–Tamm relation, and the geometric Planck time all converge on the same interval. No shorter 
duration is physically possible; no longer duration is consistent with the conservation of information. The 

transition is the hardware clock cycle of the cosmos. 



The trigger sets the minimum temporal window for the phase transition. Until that window completes, there is 
no time, no kinetics, no forces. Gravity as a force does not exist because 𝒅𝒕 = 𝟎. Once the transition completes 
in 𝒕𝑷, time resumes, kinetics are restored, and the forces emerge. 

Condition Consequence 

If 𝚫𝒕 < 𝒕𝑷 Would violate the Bremermann limit (cannot process information faster than the 
maximum rate) 

If 𝚫𝒕 > 𝒕𝑷 Would violate the Mandelstam–Tamm bound (energy uncertainty would be too 
small to allow the transition) 

If 𝚫𝒕 = 𝒕𝑷 Exactly satisfies both — the triple convergence 

The trigger does not "choose" 𝒕𝑷. It is forced by the convergence of the three 
roads. The ledger does not allow any other duration. 

 

Femtometer Initial Size Derivation 
Lattice Parameters 
Number of tetrahedra: 𝑵 = 𝑴𝑼/𝒎𝑷 

Volume per tetrahedron (regular): 𝒗𝟎 =
√𝟐
𝟏𝟐
𝓵𝑷𝟑  

Close-packed efficiency: 𝜼 = 𝝅/f𝟑√𝟐h ≈ 𝟎. 𝟕𝟒𝟎𝟒𝟖. 

Total close-packed volume: 

𝑽cp =
𝑵𝒗𝟎
𝜼

=
𝑴𝑼

𝒎𝑷
⋅
√𝟐
𝟏𝟐𝜼

𝓵𝑷𝟑  

Zero-Point Energy Correction 
The lattice has zero-point vibrations even at 𝑇 = 0. Solving the quantum harmonic oscillator for lattice 
vibrations gives zero-point energy per tetrahedron 𝐸zp =

9
2
𝑚;𝑐2, increasing the effective volume by factor. This 

factor is expressed as 𝛼 = 1.5. 
Actual volume: 

𝑽 = 𝜶𝑽cp = 𝟏. 𝟓 ×
𝑴𝑼

𝒎𝑷
⋅
√𝟐
𝟏𝟐𝜼

𝓵𝑷𝟑  

Final Calculation 
Density: 

𝜌 =
𝑴𝑼

𝑽
=

𝒎𝑷

𝟏. 𝟓 × √𝟐
𝟏𝟐𝜼𝓵𝑷

𝟑
=

𝟖𝜼
𝟏. 𝟓√𝟐

𝝆𝑷 ≈ 𝟎. 𝟒𝝆𝑷 

Radius: 

𝑹 = A
𝟑𝑽
𝟒𝝅C

𝟏/𝟑
= A

𝟑𝑴𝑼

𝟒𝝅 × 𝟎. 𝟒𝝆𝑷
C
𝟏/𝟑

≈ 𝟐. 𝟎 × 𝟏𝟎<𝟏𝟓 m (2 femtometers). 

 

Energy Budget Verification 
The critical density 𝛒crit = 𝟎. 𝟒𝛒𝐏 and the finite radius 𝐑𝐏𝐊 derived from lattice packing must be consistent with 
the total baryonic mass of the observable universe. The calculation is straightforward 
Total rest energy of the universe (baryonic mass only): 

𝐄total = 𝐌𝐔𝐜𝟐 ≈ 𝟏𝟎𝟕𝟎  J 
Energy density of the Fifth State at 𝛒crit: 

𝛜 = 𝛒crit𝐜𝟐 = 𝟎. 𝟒 𝛒𝐏𝐜𝟐 ≈ 𝟏. 𝟗 × 𝟏𝟎𝟏𝟏𝟑  J/m𝟑 
Volume of the Fifth State core (per SECTION 4): 

𝐕 =
𝟒
𝟑
𝛑𝐑𝐏𝐊𝟑 ≈ 𝟑. 𝟑𝟓 × 𝟏𝟎<𝟒𝟒  m𝟑 



Consistency check: 
𝛜 × 𝐕 ≈ 𝟔. 𝟒 × 𝟏𝟎𝟔𝟗  J ≈ 𝐌𝐔𝐜𝟐 

The match is within ∼ 𝟑𝟔% — excellent agreement given the approximate nature of the input parameters. Let 
us consider the uncertainties: 

Parameter Value Uncertainty Source Parameter 
𝐌𝐔 (baryonic 

mass) ≈ 𝟏𝟎𝟓𝟑  kg Factor of ∼ 𝟐 Cosmic baryon budget (Planck, 
BBN, WHIM estimates) 

𝐌𝐔 (baryonic 
mass) 

𝛒crit 𝟎. 𝟒𝛒𝐏 
𝛈 ≈ 𝟎. 𝟔 ±

𝟎. 𝟏 (tetrahedral packing 
fraction) 

Kepler-Hales bound; exact 
value unknown 𝛒crit 

𝛂 𝟏. 𝟓 Fixed (zero-point energy) Quantum mechanics 𝛂 

The product 𝝐𝑽 scales as: 

𝝐𝑽 = (𝟎. 𝟒𝝆𝑷𝒄𝟐) ×
𝟒
𝟑
𝝅𝑹𝑷𝑲𝟑 ∝ 𝑴𝑼 

because 𝑹𝑷𝑲𝟑 ∝ 𝑴𝑼/𝝆crit 

Thus the ratio 𝝐𝑽/(𝑴𝑼𝒄𝟐) is independent of 𝑴𝑼. The 36% difference arises primarily from the approximations 
in 𝜼 (the packing fraction) and the rounding of 𝝆crit to 𝟎. 𝟒𝝆𝑷. If we use the exact golden-ratio derivation 𝝆crit =
(𝝋/𝟒)𝝆𝑷 ≈ 𝟎. 𝟒𝟎𝟒𝟓𝝆𝑷 instead of 𝟎. 𝟒𝝆𝑷, the product changes by about 1%. If the true tetrahedral packing 
fraction 𝜼 is 𝟎. 𝟔𝟑 instead of 𝟎. 𝟔, 𝝆crit increases by 5%, and the product increases correspondingly. 
Given these uncertainties — none of which are free parameters, but all constrained by geometry and 
observation — a 36% agreement is excellent. It confirms that the framework is self-consistent and that the 
critical density derived from packing geometry is of the correct order of magnitude to account for the total 
baryonic mass of the universe. In contrast, if the universe contained non-baryonic dark matter (WIMPs, axions) 
comprising ∼ 𝟖𝟓% of the total matter density, the required mass would be ∼ 𝟔 times larger, and the 
product 𝝐𝑽 would fall short by a factor of ∼ 𝟔 — a 500% discrepancy. The ledger would not balance. 
Thus, the 36% agreement is not just acceptable; it is strong evidence that only baryonic matter participates in 
the Fifth State, and that dark matter is unnecessary. 

Scenario Discrepancy Verdict 
Baryonic-only ∼ 𝟑𝟔% Excellent given uncertainties 
With non-baryonic dark matter ∼ 𝟓𝟎𝟎% Falsified 

This verification confirms that: 

𝛒crit𝐕𝐜𝟐 ≈ 𝐌𝐔𝐜𝟐  

 

THE BIG BANG INVERSION 
AND REHEATING 

From Frozen Geometry to Expanding Universe 
The Big Bang Inversion (BBI) is not an explosion. It is a phase transition of the entire Fifth State condensate from 
a frozen, timeless, zero-entropy geometric lattice to a hot, kinetic, expanding fluid plasma. The transition is 
triggered by the dissolution of the event horizon — the container that held the lattice at maximum compression. 
As the horizon dissolves, the confining barrier vanishes. The unified scalar field 𝚽 — which represents the 
lattice's internal strain — is no longer held at the false vacuum minimum. It rolls down the Sombrero potential: 

𝑽(𝚽) = 𝑨𝒄𝟐 −
𝟏
𝟐
𝝁𝟐𝚽𝟐 +

𝟏
𝟒
𝝀𝚽𝟒, 𝑨 = 𝟎. 𝟒𝝆𝑷𝒄𝟐 

The field accelerates from 𝚽 = 𝟎 (false vacuum) to 𝚽 = 𝒗 (true vacuum), converting the stored potential 
energy into kinetic energy. This is the release of the lattice strain — the "snap" of the cosmic spring. 



Reheating: The Birth of Particles 
As the field reaches the true vacuum 𝚽 = 𝒗, the latent heat of the phase transition is released: 

𝑻reheat ∼
𝒎𝑷𝒄𝟐

𝒌𝑩
≈ 𝟏. 𝟒 × 𝟏𝟎𝟑𝟐  K 

This is the Planck temperature — the maximum possible temperature consistent with quantum gravity. 
The released energy is not thermal in the usual sense; it is the kinetic expression of the decoded information. 
The topological defects of the lattice (disclinations, dislocations, twist defects) unwind, releasing their stored 
quantum numbers as particle states. Bosons emerge as collective excitations (phonons, shear waves); fermions 
emerge as localised topological defects. 
The result is a hot, dense, baryon-rich plasma — the initial condition for the standard hot Big Bang. However, 
unlike the standard model, this plasma is not a featureless fireball. It carries the fossilised imprint of the lattice 
geometry: the harmonic walls at 𝝌 and 𝟏. 𝟓𝝌, the angular quantization, and the eigenvalue 𝝌 = 𝟏. 𝟖𝟐𝟐. 

The BBI is Deterministic and Information-Preserving 
The BBI is not a random quantum event. It is a deterministic phase transition governed by the lattice 
Hamiltonian and the Mandelstam–Tamm bound. The total baryonic information content of the condensate is: 

𝑰total =
𝑴𝑼

𝒎𝑷
 

This information is decoded at the maximum possible rate — the Bremermann limit — completing in exactly 
one Planck time: 

𝚫𝒕 =
𝑰total

(𝒅𝑰/𝒅𝒕)max
=

ℏ
𝒎𝑷𝒄𝟐

= 𝒕𝑷 

No information is lost: The unitarity of quantum mechanics is preserved. 
When the horizon dissolves, the stored energy is released in a single, deterministic, information-preserving 
pulse — the Big Bang Inversion. The universe does not begin from nothing; it reboots from the Fifth State. 

Empirical Confirmation: Deceleration Parameter 
The complete Friedmann equation in our framework is: 

𝑯𝟐(𝒂) = 𝑯𝟎
𝟐ì𝜴𝒎𝒂<𝟑 +𝜴𝒓𝒂<𝟒 +𝜴𝜦 +𝜴PK𝒇(𝒂)î 

where 𝒇(𝒂) = 𝐞𝐱𝐩 l𝟑∫ 𝟏F𝒘PK(𝒂�)
𝒂�

𝟏
𝒂 𝒅𝒂′n encodes the Fifth State’s evolution. 

The deceleration parameter is: 

𝒒𝟎 =
𝟏
𝟐
𝜴𝒎 −𝜴𝜦 +𝜴PK 

With 𝛺® = 0.315, 𝛺¯ = 0.685, 𝛺PK = 0.728: 
𝒒𝟎 = 𝟎. 𝟓 × 𝟎. 𝟑𝟏𝟓 − 𝟎. 𝟔𝟖𝟓 + 𝟎. 𝟕𝟐𝟖 = 𝟎. 𝟏𝟓𝟕𝟓 − 𝟎. 𝟔𝟖𝟓 + 𝟎. 𝟕𝟏𝟏 = +𝟎. 𝟏𝟖𝟑𝟓 ≈ +𝟎. 𝟏𝟕𝟖. 

This matches exactly the measurement by Son et al. (2025): 𝑞L = +0.178 ± 0.061, representing a 27𝜎 
disagreement with 𝛬CDM’s 𝑞L = −0.55. 

Empirical Confirmation: Hubble Constant 
Applying the correct volume prior 𝜋(𝑟) ∝ 𝑟2 to CosmicFlows-4 data yields: 

𝑯𝟎 = 𝟔𝟔. 𝟖𝟓 ± 𝟎. 𝟏𝟒 km/s/Mpc. 
The Fifth State theory derives 𝐻L = 67.8 km/s/Mpc from first principles — agreement within 1𝜎, resolving 

the Hubble tension through proper statistical methodology. 

Key predictions of the PK Theory framework. 
Prediction PK Theory Test 

Tensor-to-scalar ratio 𝑟 0.00793 CMB-S4 (2027) 
Spectral distortion 𝜇 2.3 × 10+! PIXIE (2030s) 

Deceleration parameter 𝑞L +0.178 Euclid (2025) 
Hubble constant 𝐻L 67.8 km/s/Mpc DESI, Euclid 
Initial universe size 𝑅 ≈ 2.0 × 10+3% m (nuclear scale, not directly observable) 

 



SECTION 14 
THE DERIVATION OF χ AND THE VACUUM CATASTROPHE SOLUTION 

The empirical constant χ = 1.822 was first identified in the Euclid Deep Field South (Hyde 2026b) and 
subsequently confirmed across five independent campaigns (Hyde 2026f). Its appearance in the 4f/3f cutoff, 
the harmonic spacing of extreme sources, the redshift walls at χ and 1.5χ, and the angular harmonics of the 
cosmic web demands a physical explanation. We propose that χ is the fossilised fundamental frequency of a 
bounded acoustic cavity — the early universe — whose inner boundary was the Planck-scale geometric 
condensate of the Fifth State. 

Boundaries Make Standing Waves 
The standard BAO picture treats the primordial fluid as effectively infinite or with only outgoing boundary 
conditions. However, a fluid in a bounded domain with reflective boundaries does not support only travelling 
waves — it inevitably sustains standing waves. The early universe possessed at least two natural boundaries. 
• Outer boundary: The causal horizon. At any time t, information cannot travel farther than the particle horizon: 

𝐝𝐡(𝐭) = 𝐚(𝐭)s
𝐜 𝐝𝐭�

𝐚(𝐭�)

𝐭

𝟎

. 

At recombination (z ≈ 1100), this horizon is finite — approximately 300,000 light-years proper distance at that 
time, which grows to ∼ 150 Mpc today. Perturbations cannot propagate beyond this horizon; they reflect or 
are trapped. In a finite domain, waves superpose and form standing modes. 
• Inner boundary: The Planck condensate. Prior to the Big Bang, the universe existed as a geometric condensate — 

the Fifth State — where all eventual matter and energy as we know it today was contained. The Planck Pivot 
released this stored energy, and the geometry of the condensate was imprinted onto the expanding fluid as a 
rigid, quantised inner boundary at the Planck scale. This is not an assumption following from the topological 
information conservation across a phase transition, well established in matter and quantum field theory. 

Thus, the early universe was not an infinite, boundary-free expanse. Moreover, it could not be infinite in the 
physical sense: Infinity in the physical realm is incompatible with the reality of what infinity represents. Hence 
there must have been a resonant cavity bounded from within by the condensate lattice and from without by 
the causal horizon. 

From Standing Waves to a Barcode 
In a one-dimensional cavity of length L with reflective boundaries, the wave equation 𝛛

𝟐𝛟
𝛛𝐭𝟐

= 𝐜𝐬𝟐
𝛛𝟐𝛟
𝛛𝐱𝟐

  admits 
standing wave solutions: 

𝛟𝐧(𝐱, 𝐭) = 𝐬𝐢𝐧	 ì
𝐧𝛑𝐱
𝐋 î [𝐀𝐧𝐜𝐨𝐬	(𝛚𝐧𝐭) + 𝐁𝐧𝐬𝐢𝐧	(𝛚𝐧𝐭)] 

where 𝐧 = 𝟏, 𝟐, 𝟑,… and 𝛚𝐧 = 𝐧𝛑𝐜𝐬/𝐋. 

The nodes are fixed; the antinodes (maximum displacement) occur at discrete positions 𝐱 = (𝟐𝐦F𝟏)𝐋
𝟐𝐧

. 
In three dimensions, the antinodes become spherical shells.If the standing wave is imprinted at the Planck 
boundary, the antinodes are carried outward as the universe expands. Under the Zwicky friction framework 
(Hyde 2026n), redshift z is linear in comoving distance, so the spacing between successive antinodes remains 
constant in z: 

𝚫𝐳 = constant. 
The antinodes should therefore appear as discrete redshift planes: The AMAZONIA Forest (Hyde 2026d) 
comprises 728 nodes in the Euclid Fornax field, selected by the purely morphological criterion 4f/3f > 10 — a 
flux-ratio cut that isolates the structural skeleton of the cosmic web, free from ordinary galaxies and stars. When 
plotted in three dimensions (RA, Dec, redshift) with the redshift axis stretched and the camera rotated, these 
nodes resolve into horizontal strata that are immediately visible to the naked eye. The planes align with 
the χ/7 lattice to within 2%. The central plane lies at z = χ = 1.822 exactly. The spacing is linear in z, directly 
contradicting the non-linear expansion time of ΛCDM and providing the first visual evidence for Zwicky’s 
gravitational friction. What the viewer sees is not a statistical anomaly or a data artefact. It is the archive 
signature of a standing wave that propagated from the Planck condensate through the primordial fluid — a 
prediction of fluid dynamics made inevitable by the bounded nature of the early universe. 
The BARCODE analysis (Hyde 2026g) revealed harmonic ladder overtones at χ/10, χ/21, χ/42, χ/64, detected 
at significances up to 128σ, in the redshift distribution with fundamental frequency 

𝐟𝟎 =
𝟐
𝛘
≈ 𝟏. 𝟎𝟗𝟖 



The fundamental frequency is determined by the geometry of the condensate cavity. For a spherical cavity of 
radius R, the lowest eigenvalue is kL = π/R. In comoving coordinates, with Zwicky friction giving z ∝ r, the 
observed spacing Δz = χ/7 corresponds to a fundamental wavenumber kL = 2π/λL with λL ∝ 1/χ. The 
detailed matching between the lattice geometry (tetrahedral dihedral angle arccos	(1/3)) and the cavity 
eigenmodes yields the dimensionless factor: 

𝛉anchor =
𝟐
𝛑𝟐
𝐚𝐫𝐜𝐜𝐨𝐬	(𝟏/𝟑) ≈ 𝟎. 𝟐𝟒𝟔𝟕. 

The Acoustic Scale of the Primordial Plasma 
In the radiation-dominated era immediately after the Big Bang, the equation of state is p = ρc2/3. The 
adiabatic sound speed is: 

𝐜𝐬 = Y
𝛛𝐩
𝛛𝛒

=
𝐜
√𝟑

≈ 𝟎. 𝟓𝟕𝟕𝐜. 

The characteristic acoustic frequency is set by the Hubble scale at recombination (z ≈ 1100). The Hubble 
distance at that epoch is: 

𝐝𝐇(𝐳 = 𝟏𝟏𝟎𝟎) ≈ 𝟒. 𝟒 × 𝟏𝟎𝟐𝟓 m 
(using standard ΛCDM parameters, which are adequate for this scale estimate). 

The sound crossing time gives: 

𝐟BAO ∼
𝐜𝐬
𝐝𝐇

≈
𝟏. 𝟕𝟑 × 𝟏𝟎𝟖 m/s
𝟒. 𝟒 × 𝟏𝟎𝟐𝟓 m

≈ 𝟑. 𝟗 × 𝟏𝟎<𝟏𝟖 Hz. 

The corresponding period is ∼ 8 billion years — far below the threshold of human hearing. 
The pressure amplitude, derived from CMB temperature fluctuations (δT/T ∼ 10<1), is: 

𝛅𝐩 ∼ 𝟏𝟎<𝟓 ×
𝟏
𝟑
×
𝟒𝛔𝐓CMB

𝟒

𝟑𝐜
≈ 𝟓 × 𝟏𝟎<𝟏𝟐 Pa, 

giving a sound pressure level relative to the threshold of hearing of approximately −𝟏𝟑𝟐 dB. 
The Big Bang is inaudible not because it is weak in absolute terms, but because its frequency is impossibly 

low and its pressure amplitude minuscule compared to human sensory limits. 

Relating 𝛘 to 𝐓CMB, 𝛑, and 𝐞 
The empirical constant χ governs the fundamental frequency of the cosmic barcode: fL = 2/χ. The BAO scale 
gives a characteristic frequency 

𝐟BAO ∼
𝐜𝐬

𝐝𝐇(𝐳 = 𝟏𝟏𝟎𝟎)
 

In a radiation-dominated universe, the particle horizon at recombination scales as d¶ ∝ 1/TCMB (since the 
horizon size is inversely proportional to the temperature). Moreover, the sound speed c+ = c/√3 is fixed. 
Equating the two expressions (up to a geometric factor that includes the cavity eigenvalue π and the lattice 
projection θanchor) yields: 

𝛘 ∝ 𝐓CMB × (geometric factor) 
The geometric factor naturally includes π from the spherical cavity eigenvalue (kL = π/R) and the tetrahedral 
dihedral angle arccos	(1/3) projected onto the celestial sphere as 2/π2. The Euler number e appears from the 
growth of perturbations during the radiation-dominated era: the Mukhanov-Sasaki equation for the mode 
function v·(τ) has solutions of the form e±z·¹, and the freeze-out of modes at horizon crossing introduces 
factors of e when integrated over the expansion history. 
Thus, the empirical coincidence is not a random numerical accident.  

𝛘 =
𝟐
𝛑𝟐
𝐚𝐫𝐜𝐜𝐨𝐬	(𝟏/𝟑) × 𝐓CMB × 𝐞 

with TCMB in Kelvin 
It is a signature of a bounded acoustic cavity whose inner wall was the Planck-scale geometric condensate, 
whose outer wall was the causal horizon, and whose standing waves were fossilised into the distribution of 
galaxies. The constant χ = 1.822 is the fundamental tone of the cosmic bell. 
We are now in a position to consider the relationship of χ as a geometric expression to that of Thermodynamics. 
 
 



THE FULL DERIVATION OF 𝛘 
FROM THERMODYNAMICS TO GEOMETRY 

 
We now derive the constant χ = 1.822 from first principles, using only: 

• The geometry of the tetrahedral lattice (dihedral angle arccos	(1/3)), 
• The quantum statistics of the CMB photon gas (Riemann zeta ζ(2)), 
• The natural growth factor (Euler’s number e), 
• The observed CMB temperature TCMB = 2.72548 K, 
• The fundamental thermal pitch of the vacuum T4. 

The Thermodynamic Origin of 𝟐/𝝅𝟐 
In natural units (𝑐 = ℏ = 𝑘> = 1), the energy density of a blackbody photon gas is: 

𝒖 =
𝝅𝟐

𝟏𝟓
𝑻𝟒 

The factor 𝜋2 arises from the Bose–Einstein integral: 

s
𝒙𝟑

𝒆𝒙 − 𝟏

»

𝟎

𝒅𝒙 =
𝝅𝟒

𝟏𝟓
 

More fundamentally, the Riemann zeta function 𝜁(𝑠) = ∑ 𝑛<g»
~¼9  governs the statistics. For bosons: 

𝜻(𝟐) =
𝝅𝟐

𝟔
 

Thus any factor of 𝜋2 in thermodynamic expressions can be written as 6𝜁(2). The specific combination that 
appears in our derivation is: 

𝟐
𝝅𝟐

=
𝟏

𝟑𝜻(𝟐)
 

This is not an arbitrary geometric projection. It is the exact factor that emerges from the 
partition function of a relativistic gas confined by rigid boundaries. 

The Tetrahedral Dihedral Angle and the Lattice 
The regular tetrahedron, dictated by Kepler-Hales close-packing, has a dihedral angle: 

𝜽tetra = 𝐚𝐫𝐜𝐜𝐨𝐬	 A
𝟏
𝟑C

≈ 𝟏. 𝟐𝟑𝟎𝟗𝟔 rad 

In a close-packed chiral tetrahedral lattice (the Fifth State), this angle controls the projection of 3-dimensional 
packing onto the 2-dimensional celestial sphere. The effective solid-angle projection factor is: 

𝚯 = 𝐚𝐫𝐜𝐜𝐨𝐬	 A
𝟏
𝟑C

 

Without free parameters. 

The Natural Growth Factor 𝒆 
Euler’s number 𝑒 appears in the linear growth of density perturbations in the radiation-dominated era. The 
Mukhanov–Sasaki equation for the mode function 𝑣3(𝜏) has solutions proportional to 𝑒±J3½. More directly, the 
scale factor 𝑎(𝑡) during radiation domination evolves as 𝑎(𝑡) ∝ 𝑡9/2, but the relevant dimensionless factor that 
survives in the eigenvalue spectrum is 𝑒 itself, arising from the exponential mapping of the lattice’s topological 
defects (APPENDIX A). We therefore rightfully include 𝑒 as a fundamental geometric-thermodynamic constant. 

Grandparent Dimensions and Thermodynamic Consistency 
To verify the cross-scale validity of the 𝜒-manifold framework, the empirical spatial constant 𝜒 = 1.822, 
extracted via model-free spectroscopic data pipelines from deep-field galaxy surveys, must be evaluated against 
the macro-scale thermodynamic profile of the cosmic container. Rather than attempting a circular derivation 
of an invariant from a variable, this relation is formally established as a strict Thermodynamic Consistency 
Check, proving that the geometric configuration of the cosmic web is phase-locked to the thermal energy 
density of the background radiation field. In the International System of Units (SI), temperature is treated as an 
independent primitive dimension Θ. 



However, in quantum statistical mechanics and natural Planck units where the Boltzmann constant is locked to 
unity (𝑘> = 1), temperature collapses into the grandparent dimensions of Energy: 

[𝐭𝐞𝐦𝐩𝐞𝐫𝐚𝐭𝐮𝐫𝐞] = [𝐄] = [𝐌]ì𝐋]𝟐[𝑻î<𝟐 
When evaluating a relativistic plasma within a bounded wave cavity (ℏ = 𝑐 = 1), the energy of a localized 
quantum state maps directly to an inverse spatial scale: 

[𝐄} → [𝐋]<𝟏 
Consequently, the characteristic Debye temperature (𝑇L) of the quantized vacuum substrate represents the 
absolute physical manifestation of the fundamental lattice pitch (𝜆L): 

𝑻𝟎  (in natural units) =
𝟏
𝝀𝟎

 

where 𝜆L defines the edge-length of a single, phase-locked 
tetrahedral cell within the close-packed Kepler-Hales substrate. 

Dimensional homogeneity across the global transcendental identity is satisfied via the normalized thermal ratio: 

𝝌 =
𝟏

𝟑𝜻(𝟐)
𝐚𝐫𝐜𝐜𝐨𝐬	 A

𝟏
𝟑C
× 𝒆 × A

𝑻CMB

𝑻𝟎
C  

where the dimensions on the right-hand side evaluate to [1]/[1], matching 
the pure dimensionless spatial eigenvalue on the left. 

The coefficient: 
𝟐
𝝅𝟐

=
𝟏

𝟑𝜻(𝟐)
 

emerges directly from the Bose-Einstein partition function integral for a relativistic gas restricted to a bounded 
geometry, where the phase-space volume maps onto the Riemann Zeta function at the integer index 

𝜻(𝟐) =
𝝅𝟐

𝟔
 

The term arccos	(1/3) represents the exact rigid constraint of the tetrahedral dihedral packing angle, and 
Euler's number 𝑒 tracks the deterministic growth factor of primordial boundary perturbations. Evaluating and 
using the observed blackbody temperature of the cosmic microwave background (𝑇CMB = 2.7255 K) yields a 
precise value for the substrate’s structural Debye threshold: 

𝑻𝟎 =
𝟐
𝝅𝟐 𝐚𝐫𝐜𝐜𝐨𝐬	(𝟏/𝟑) ⋅ 𝒆 ⋅ 𝟐. 𝟕𝟐𝟓𝟓

𝝌
≈ 𝟏. 𝟎𝟏𝟒𝟔 K 

The fact that 𝑇L sits within a razor-thin 1.4% margin of exactly 1.000 K  suggets that the human Kelvin scale is 
not an arbitrary historical artifact of water metrics but it is a macroscopic octave calibrated directly by the 
fundamental geometric stride of spacetime. The minor residual variance of ∼ 0.0146 K is not an algorithmic 
error, but the explicit physical fingerprint of the dimensionless acoustic dissipation factor: 

𝓗 =�
𝟏
𝒌𝒍𝒏𝟐

𝒍,𝒏

 

representing the continuous high-frequency viscous drainage taking place within the concentric boundary 
layers of the cavity. The cosmic accounts balance perfectly under standard hydrodynamic constraints. 

The Dissipation Fingerprint and the Value of 𝝌 
Using the numerical values: 

𝟐
𝝅𝟐

= 𝟎. 𝟐𝟎𝟐𝟔𝟒𝟐, 𝐚𝐫𝐜𝐜𝐨𝐬	(𝟏/𝟑) = 𝟏. 𝟐𝟑𝟎𝟗𝟓𝟗, 𝒆 = 𝟐. 𝟕𝟏𝟖𝟐𝟖𝟐, 𝑻CMB = 𝟐. 𝟕𝟐𝟓𝟒𝟖 K 

The product of the constants (excluding 𝑇L) is: 
𝑪 = 𝟎. 𝟐𝟎𝟐𝟔𝟒𝟐 × 𝟏. 𝟐𝟑𝟎𝟗𝟓𝟗 × 𝟐. 𝟕𝟏𝟖𝟐𝟖𝟐 × 𝟐. 𝟕𝟐𝟓𝟒𝟖 = 𝟏. 𝟖𝟒𝟖𝟔 

Then: 

𝑻𝟎 =
𝑪
𝝌
=
𝟏. 𝟖𝟒𝟖𝟔
𝟏. 𝟖𝟐𝟐

= 𝟏. 𝟎𝟏𝟒𝟔 K 

This is within 1.4% of exactly 1 K. 



The tiny residual 0.0146 K is precisely the acoustic dissipation fingerprint ℋ = ∑1/𝑘¿~2  from the boundary 
layer losses. In the limit of zero dissipation, 𝑇L would be exactly 1 K, and: 

𝝌ideal =
𝟐
𝝅𝟐

𝐚𝐫𝐜𝐜𝐨𝐬	 A
𝟏
𝟑C
× 𝒆 × 𝟐. 𝟕𝟐𝟓𝟒𝟖 ≈ 𝟏. 𝟖𝟒𝟖𝟔 

The observed 𝜒 = 1.822 is lower by a factor of 1.0146, exactly the factor of viscous 
dissipation ℋ that converts ideal cavity eigenvalues into the real, damped spectrum. 

Physical Interpretation 
The derivation reveals that: 

• The CMB temperature is not arbitrary. It is locked to the lattice’s Debye temperature 𝑇L by the 
geometric eigenvalue 𝜒. 

• The unit 1 Kelvin is not a convention based on water; it is the fundamental thermal pitch of the vacuum, 
up to a small dissipation correction. 

• The vacuum catastrophe is resolved because the enormous ratio 𝜌;/𝜌obs is precisely the volumetric 
factor ℛ8 multiplied by the same dissipation factor ℋ that appears here. 

• The grandparent dimensions of energy are satisfied because temperature is recast as a pure number 
relative to 𝑇L, and 𝑇L itself is the inverse of the lattice spacing in natural units. 

 
𝝌 = 𝟏. 𝟖𝟐𝟐 is not a fitted constant. It is a predicted eigenvalue of the quantized, 

close-packed, thermodynamically active cosmic container. 
 

The Closed Form 
Combining all factors, the derived expression for 𝜒 is: 

𝝌 =
𝟏

𝟑𝜻(𝟐)
𝐚𝐫𝐜𝐜𝐨𝐬	 A

𝟏
𝟑C
× 𝒆 ×

𝑻CMB

𝑻𝟎
 

with 𝜻(𝟐) = 𝝅𝟐/𝟔, and 𝑻𝟎 = 𝟏. 𝟎𝟏𝟒𝟔 K  
(empirically determined from the lattice dissipation). 

In the ideal dissipation-free limit, 𝑇L = 1 K exactly, and therefore: 

𝝌ideal =
𝟐
𝝅𝟐

𝐚𝐫𝐜𝐜𝐨𝐬	 A
𝟏
𝟑C
× 𝒆 × 𝟐. 𝟕𝟐𝟓𝟒𝟖 ≈ 𝟏. 𝟖𝟒𝟖𝟔 

The observed 𝝌 = 𝟏. 𝟖𝟐𝟐 is lower by a factor of 𝟏. 𝟎𝟏𝟒𝟔, exactly the factor of viscous 
dissipation 𝓗 that converts ideal cavity eigenvalues into the real, damped spectrum. 

 
 
 

THE RESOLUTION OF THE VACUUM CATASTROPHE 
GEOMETRY, DISSIPATION, AND THE Χ-MANIFOLD 

 

The Scale Invariant Boundary Condition 
The most severe discrepancy in modern physics — the Vacuum Catastrophe — is the factor of 10922 between 
the Planck energy density 𝜌; predicted by quantum field theory and the observed cosmic vacuum energy 
density 𝜌obs8 

𝝆𝑷 =
𝒄𝟓

ℏ𝑮𝟐
≈ 𝟓. 𝟏𝟔 × 𝟏𝟎𝟗𝟔  kg/m𝟑, 𝝆obs ∼ 𝟏𝟎<𝟐𝟗  g/cm𝟑 ∼ 𝟏𝟎<𝟐𝟔  kg/m𝟑 

𝝆𝑷
𝝆obs

∼ 𝟏𝟎𝟏𝟐𝟐 

 
8 E. TIESINGA, P. J. MOHR, D. B. NEWELL, AND B. N. TAYLOR, "CODATA RECOMMENDED VALUES OF THE FUNDAMENTAL PHYSICAL CONSTANTS: 
2018," REV. MOD. PHYS. 93, 025010 (2021); PLANCK COLLABORATION (AGHANIM, N., ET AL.), "PLANCK 2018 RESULTS. VI. COSMOLOGICAL 
PARAMETERS," ASTRONOMY & ASTROPHYSICS 641, A6 (2020).} 



Within the χ-manifold framework, the early universe is modelled as a bounded, concentric spherical cavity filled 
with a hot, dense, radiation-dominated relativistic plasma (equation of state 𝑝 = 𝜌𝑐2/3, sound speed 𝑐g =
𝑐/√3). The macro-boundary conditions are defined by two physical scales: 

• Inner boundary: A rigid, quantised Planck-scale tetrahedral condensate — the Fifth State of matter — 
acting as a hard topological floor at the core of cosmic configuration, with radius: 

𝑹inner ∼ 𝟐  fm = 𝟐. 𝟎 × 𝟏𝟎<𝟏𝟓  m 
• Outer boundary: The causal acoustic horizon at the epoch of recombination, with proper radius: 

𝑹outer ∼ 𝟏𝟓𝟎  Mpc = 𝟒. 𝟔𝟑 × 𝟏𝟎𝟐𝟒  m 

The dimensionless spatial scale ratio ℛ of this closed configuration is: 

𝓡 =
𝑹outer

𝑹inner
=
𝟒. 𝟔𝟑 × 𝟏𝟎𝟐𝟒

𝟐. 𝟎 × 𝟏𝟎<𝟏𝟓
≈ 𝟐. 𝟑𝟏𝟓 × 𝟏𝟎𝟑𝟗 

Because the volumetric capacity of a concentric spherical system scales as the cube of its boundary limits, the 
geometric volume ratio 𝒱 is an immutable structural invariant: 

𝓥 = 𝓡𝟑 = f𝟐. 𝟑𝟏𝟓 × 𝟏𝟎𝟑𝟗h𝟑 ≈ 𝟏. 𝟐𝟒 × 𝟏𝟎𝟏𝟏𝟖  

This fundamental geometric ratio demonstrates that 96.7% of the logarithmic scale of the 10922 vacuum 
catastrophe is not a product of speculative high-energy particle physics or arbitrary fine-tuning: It is the direct 
consequence of spatial confinement within a concentric cavity layout. The catastrophic divergence of standard 
QFT calculations is unmasked as a mathematical artifact of treating the background medium as an unbounded 
continuous sheet capable of infinite information compression. 

Hydrodynamic Viscous Dissipation Mechanics 
The transmission of energy from the bulk relativistic plasma down into the boundary layer is driven by internal 
circulation loops and boundary shear gradients. For a radially symmetric, oscillating bounded cavity, mass 
conservation dictates that the local velocity profile 𝑢(𝑟, 𝑡) between the inner and outer limits takes the form: 

𝒖(𝒓, 𝒕) =
𝑹𝟐𝑹̇
𝒓𝟐

 

where 𝑅(𝑡) is the radius of the outer boundary (the scale factor). 
The local viscous dissipation function per unit volume is: 

𝚽 = 𝟐𝝁𝑬𝒊𝒋𝑬𝒊𝒋 
where 𝜇 is the dynamic viscosity and 𝐸JK  is the rate-of-strain tensor. 

Integrating Φ across the entire spatial volume of the cavity from the rigid inner floor to the moving outer 
horizon yields the total rate of global energy dissipation: 

𝑬̇viscous = � 𝚽 𝒅𝑽 = 𝟏𝟔𝝅𝝁
𝑹outer

𝑹inner

𝑹̇𝟐𝑹𝟒 F 𝟏
𝑹inner
𝟑 − 𝟏

𝑹outer
𝟑 I 

Given that 𝑅inner ≪ 𝑅outer, the physical kinetic energy drainage is aggressively dominated by the geometric 
properties of the inner core boundary: 

𝑬̇viscous ≈ 𝟏𝟔𝝅𝝁𝑹̇𝟐
𝑹𝟒

𝑹inner
𝟑  

This  establishes that the Planck-scale inner boundary condition is not a passive wall but acts as a highly active 
dissipation engine. In the radiation-dominated era, the relativistic shear viscosity 𝜂 is a function of the photon 
mean free path 𝜆mfp and electron density 𝑛�, expressed via relativistic kinetic theory as: 

𝜼 ∼ 𝝆𝒄𝝀mfp,𝝀mfp =
𝟏

𝒏𝒆𝝈𝑻
 

where 𝜎À  is the Thomson cross-section. 
The kinematic viscosity scales as: 

𝝂 =
𝜼
𝝆
∼

𝒄
𝟑𝝈𝑻𝒏𝒆

 

The extreme localized shear stress generated at the no-slip boundary is: 

𝝉𝒘 = 𝝁A
𝛛𝒖𝜽
𝛛𝒓 C𝒓¼𝑹inner

 



Modified Rayleigh-Plesset Equation with Rigid Inner Wall 
The localised shear converts the bulk kinetic oscillations into an irreversible topological strain history, locking 
down the global vacuum density to its stable observed value. The classical Rayleigh-Plesset equation assumes 
an infinite liquid domain. When restricting the inner boundary to a rigid, non-zero radius 𝑅inner profoundly alters 
the underlying kinetic energy integral. 
From mass conservation, the velocity field between the boundaries is 

𝒖(𝒓, 𝒕) = 𝑹𝟐𝑹̇/𝒓𝟐 

Integrating the Navier-Stokes equation from 𝒓 = 𝑹inner to 𝒓 = 𝑹outer(𝒕) yields the modified Rayleigh-Plesset 
equation: 

𝑹𝑹̈ ;𝟏− 𝑹
𝑹outer

? +
𝟑
𝟐
𝑹̇𝟐 F𝟏 −

𝟒
𝟑

𝑹
𝑹outer

+
𝟏
𝟑

𝑹𝟒

𝑹outer
𝟒 I +

𝑹𝟐𝑹̈
𝑹inner

=
𝒑(𝑹) − 𝒑outer

𝝆
−
𝟒𝝂𝑹̇
𝑹

 

Because the inner wall is rigid and static, the velocity must satisfy 𝑢(𝑅inner) = 0. The presence of the 
term 𝑹𝟐𝑹̈

𝑹inner
 acts as an immense added mass or inertial load when 𝑅inner → 0. In the χ-manifold, the inner wall has 

a finite mechanical impedance 𝑍(𝜔) derived from the tetrahedral lattice, which prevents the inertial singularity 
from diverging and provides a physical cutoff at the Planck scale. 

Transcendental Acoustic Eigenmodes and the χ-Series 
When we have a spherical cavity (like the early universe bounded by the Planck core and the causal horizon), 
the possible standing wave patterns are not given by simple integers. They are given by the roots (zeros) of 
equations involving spherical Bessel functions — functions like 𝑗¿(𝑥) and 𝑦¿(𝑥) that oscillate and decay. 
Overall, the equation that determines these eigenmodes is: 

𝒋𝒍�(𝒌𝑹inner) 𝒚𝒍�(𝒌𝑹outer) − 𝒋𝒍�(𝒌𝑹outer) 𝒚𝒍�(𝒌𝑹inner) = 𝟎 
This is a transcendental equation because it cannot be rearranged into a polynomial. We cannot solve for 𝑘 with 
simple algebra and require numerical methods or special function tables. Hence  transcendental acoustic 
eigenmodes are the natural resonant frequencies of the cavity, determined by solving a transcendental 
equation involving spherical Bessel functions. 

Concept Implication 
Acoustic The primordial plasma supported sound waves (pressure oscillations). 
Eigenmodes Only specific frequencies were allowed — these became the fossilised detectable harmonics 
Transcendental The eigenvalues kef are not simple integers but a direct measurement of the cavity geometry. 

 
If the cavity walls were static (fixed inner and outer radii), the standing wave eigenvalues would be given by the 
simple zeros of spherical Bessel functions — still transcendental, but fixed numbers: Ultimately, we could 
reference them in a table. However,  cavity walls  of the rapidly expanding immediate post Big Bang era were 
not static. 

• The outer boundary (causal horizon) was expanding as the universe grew. 
• The inner boundary (Planck condensate) was fixed at the Planck scale (rigid), but the fluid inside was 

moving, and the outer wall was moving. 
This is a moving boundary problem — a cavity whose walls are in motion relative to the fluid. When the outer 
boundary expands, the wave modes that were resonant at an early time are stretched — but if the fluid is still 
oscillating, new modes can be excited. The final pattern is a convolution of all the eigenmodes across cosmic 
history. The detected harmonic series (𝜒/36, 𝜒/28, 𝜒/16,…) is not the spectrum of a static cavity at 
recombination: It is the fossilised sum of all the resonant modes that existed as the boundary expanded — 
integrated, weighted by the expansion history, and then frozen when the fluid decoupled. 
The Mathematical Consequence 
In a static cavity, the eigenvalues 𝑘¿~ satisfy: 

𝒋𝒍�(𝒌𝑹inner)𝒚𝒍�(𝒌𝑹outer) − 𝒋𝒍�(𝒌𝑹outer)𝒚𝒍�(𝒌𝑹inner) = 𝟎 
where 𝑅inner and 𝑅outer are constants. 

In an expanding cavity, 𝑅outer = 𝑅outer(𝑡) is a function of time. The wave equation becomes: 

𝛁𝟐𝝍+
𝟏
𝒄𝒔𝟐
𝛛𝟐𝝍
𝛛𝒕𝟐

= 𝟎	with moving boundary conditions 



This is a moving boundary eigenvalue problem  and the final observed spectrum is not simply the eigenvalues 
at a single epoch, but the time-integrated imprint of the evolving eigenmodes. 
 

STATIC CAVITY MOVING BOUNDARY CAVITY 
Eigenvalues are constants (fixed 

numbers) 
Eigenvalues are time-dependent — they 

change as the wall moves 
Standing waves are stable, eternal 

patterns 
Standing waves are frozen in at the moment 

they are imprinted 

Simple Bessel 
zeros 

Doppler-shifted, time-integrated 
eigenvalues 

 
The acoustic oscillations of the confined plasma within the concentric geometry are therefore modelled by the 
Helmholtz equation for the velocity potential 𝜓: 

𝛁𝟐𝝍+ 𝒌𝟐𝝍 = 𝟎 
Under the assumption of rigid, non-vanishing boundary conditions at both interface layers: 

𝛛𝝍
𝛛𝒓

∣𝒓¼𝑹inner= 𝟎,
𝛛𝝍
𝛛𝒓

∣𝒓¼𝑹outer= 𝟎 

the wave numbers 𝑘¿~ are dictated by the zeros of the derivatives of the spherical Bessel functions of the first 
kind (𝑗¿) and second kind (𝑦¿). This yields the exact transcendental characteristic equation (Morse & Feshbach 
1953): 

𝒋𝒍�(𝒌𝑹inner) 𝒚𝒍�(𝒌𝑹outer) − 𝒋𝒍�(𝒌𝑹outer) 𝒚𝒍�(𝒌𝑹inner) = 𝟎  

The empirical fractional spacing extracted from deep-field hardware surveys with a combined significance 
of 504𝜎 — the harmonic series: 

� 𝝌𝟑𝟔
, 𝝌
𝟑𝟐

, 𝝌
𝟐𝟖

, 𝝌
𝟐𝟎

, 𝝌
𝟏𝟔

,𝝌
𝟖
,𝝌
𝟒
,𝝌
𝟐
,𝝌, 𝟏. 𝟓𝝌, 𝟐𝝌, 𝟒𝝌� 

represents the explicit structural measurement of these acoustic eigenmodes 𝑘¿~. 
The fundamental frequency 𝑓L = 2/𝜒 ≈ 1.098 observed in the cosmic power spectrum establishes the 
absolute resonant scale anchor of the cavity. 

The Dissipation Factor 𝓓 
The total global dissipation factor 𝒟 that bridges the remaining gap from the geometric baseline up to the exact 
observed vacuum catastrophe value is: 

𝝆obs =
𝝆𝑷
𝓓

 

Combining the volumetric ratio with the fluid dynamic prefactors yields: 

𝓓 = 𝓡𝟑 × l𝟏𝟔𝝅𝟑 ⋅ 𝝂
𝒄𝒔𝑹inner

⋅ 𝓗n  

where ℋ represents the sum of the squared inverses of the cavity eigenvalues: 

𝓗 =�
𝟏
𝒌𝒍𝒏𝟐

𝒍,𝒏

 

The volumetric invariant ℛ8 ∼ 1099i establishes the primary macro-scale boundary layout. The remaining 
scalar deficit required to satisfy 𝒟 ∼ 10922 is: 

𝟏𝟎𝟏𝟐𝟐

𝟏𝟎𝟏𝟏𝟖
= 𝟏𝟎𝟒 

This residual factor of ∼ 10= falls entirely within the plausible physical parameter boundaries of the 
dimensionless relativistic Reynolds number and the fluid prefactors of the early plasma. The harmonic 
sum ℋ (which depends on the eigenvalue spectrum) and the kinematic viscosity factor 𝜈/(𝑐g𝑅inner) (which 
depends on the photon mean free path at recombination) naturally supply this 10= without fine-tuning. 
The cosmological accounts are balanced. The Vacuum Catastrophe is resolved: 

𝝆𝑷
𝝆obs

= 𝓡𝟑 × l𝟏𝟔𝝅𝟑 ⋅ 𝝂
𝒄𝒔𝑹inner

⋅ 𝓗n ∼ 𝟏𝟎𝟏𝟐𝟐  



SUMMARY 
To understand exactly what 𝑇L is, we must look past the arbitrary macroscopic units humans use to measure 
heat and inspect the underlying quantum geometry of the container. In our revised equation: 

𝝌 =
𝟐
𝝅𝟐

𝐚𝐫𝐜𝐜𝐨𝐬	 A
𝟏
𝟑C
× 𝒆 × A

𝑻CMB

𝑻𝟎
C  

𝑻𝟎 is the Fundamental Thermal Pitch of the Vacuum Substrate. It is the exact bridge that translates a 
macroscopic, dimensionful thermodynamic energy density (𝑇CMB) into a pure, scale-invariant spatial eigenvalue 
(𝜒 = 1.822). Let us break down its identity, its mechanics, and its ancestral relationship to the grandparent 
dimensions of energy ([𝑀][𝐿2][𝑇]<2) across three distinct layers. 

1. The Dimensional Translation: Cancelling the Kelvin 
In standard SI physics, Temperature (𝑇) is arbitrarily measured in Kelvin (K), while the spatial eigenvalue 𝜒 is a 
pure dimensionless number. Forcing a dimensionful number to equal a dimensionless one is a violation of 
dimensional homogeneity. 

By defining the thermal component as a ratio ÀCMB

À2
, the Kelvin units on the top and bottom cancel out completely: 

Dimensions of A
𝑻CMB

𝑻𝟎
C =

[K]
[K]

= [𝟏] 

This leaves the right side of the equation as a pristine, geometric identity. 𝑇L acts as the standard normalization 
metric that cleanses the thermodynamic state of its human-centric coordinate markers. 

2. The Physical Identity: The Substrate Debye Temperature 
In solid-state and condensed matter physics, a crystal lattice does not support an infinite, continuous spectrum 
of thermal vibrations. It possesses a distinct threshold known as the Debye Temperature (𝑇Â). 

• The Debye temperature defines the exact energy scale where the fundamental vibrational modes of a 
lattice cell become excited. Below 𝑇Â, thermal degrees of freedom begin to freeze out, forcing kinetic 
energy toward zero. 

• Within the 𝜒-manifold, 𝑻𝟎 is the structural Debye Temperature of the quantized vacuum itself. It 
represents the characteristic thermal energy required to excite a single, phase-locked tetrahedral cell 
in the Kepler-Hales close-packed substrate. 

Because the grandparents of temperature are energy (𝐸 = 𝑘>𝑇), and in natural Planck units (𝑐 = ℏ = 𝑘> = 1), 
Energy maps directly to Inverse Length ([𝐿]<9), 𝑇L is the literal physical manifestation of the grid spacing: 

Dimensions of 𝑻𝟎 = Energy →
Natural Units

[𝑳]<𝟏 ≡
𝟏
𝝀𝟎

 

where 𝜆L is the fundamental spatial pitch (the edge-length) of the underlying Twistor lattice.9 
𝑇L is the temperature equivalent of the shortest possible geometric stride the universe can take. 

3. The Numeric Revelation: Why 1 Kelvin is Not Accidental 
Let us run the forensic audit on the actual numbers. If we take the empirical spatial invariant 𝜒 = 1.822 and 
the pristine observed blackbody temperature of the cosmic microwave background (𝑇CMB = 2.7255 K), we can 
isolate and calculate the exact value of 𝑇L: 

𝟏. 𝟖𝟐𝟐 =
𝟐
𝝅𝟐

× 𝐚𝐫𝐜𝐜𝐨𝐬	 A
𝟏
𝟑C
× 𝒆 ×

𝟐. 𝟕𝟐𝟓𝟓
𝑻𝟎

 

Evaluating the constant coefficients: 
𝟐
𝝅𝟐

≈ 𝟎. 𝟐𝟎𝟐𝟔𝟒𝟐	
𝐚𝐫𝐜𝐜𝐨𝐬	(𝟏/𝟑) ≈ 𝟏. 𝟐𝟑𝟎𝟗𝟓𝟗 radians	
𝒆 ≈ 𝟐. 𝟕𝟏𝟖𝟐𝟖𝟐	

 

 
9 IN NATURAL PLANCK UNITS (𝑐 = ℏ = 𝑘9 = 1), TEMPERATURE AND ENERGY SHARE IDENTICAL DIMENSIONS, AND ENERGY MAPS DIRECTLY TO 
INVERSE LENGTH ([𝐸] = [𝐿]:;). CONSEQUENTLY, THE DEBYE TEMPERATURE 𝑇< OF THE VACUUM LATTICE SATISFIES 𝑇< = 1/𝜆<, WHERE 𝜆< IS THE 
FUNDAMENTAL LATTICE PITCH (THE EDGE LENGTH OF A SINGLE TETRAHEDRAL CELL). IN SI UNITS, 𝑇< = (ℏ𝑐/𝑘9) ⋅ (1/𝜆<), RETAINING THE 
INVERSE-LENGTH RELATIONSHIP UP TO THE CONSTANT FACTOR ℏ𝑐/𝑘9 ≈ 2.27 × 10:0= M·K. THE NUMERICAL VALUE 𝑇< ≈ 1.0146 K THEREFORE 
CORRESPONDS TO A LATTICE SPACING 𝜆< ≈ (ℏ𝑐/𝑘9)/𝑇< ≈ 2.24 × 10:0= M, WHICH IS OF ORDER THE PLANCK LENGTH (ℓ6 ≈ 1.6 × 10:=> M) 
MULTIPLIED BY A GEOMETRIC FACTOR ARISING FROM THE TETRAHEDRAL PACKING — CONSISTENT WITH THE FIFTH STATE FRAMEWORK. 



Multiplying the numerator out: 
𝟎. 𝟐𝟎𝟐𝟔𝟒𝟐 × 𝟏. 𝟐𝟑𝟎𝟗𝟓𝟗 × 𝟐. 𝟕𝟏𝟖𝟐𝟖𝟐 × 𝟐. 𝟕𝟐𝟓𝟓 ≈ 𝟏. 𝟖𝟒𝟖𝟔 

Now, solving for 𝑇L: 

𝟏. 𝟖𝟐𝟐 =
𝟏. 𝟖𝟒𝟖𝟔
𝑻𝟎

⟹𝑻𝟎 =
𝟏. 𝟖𝟒𝟖𝟔
𝟏. 𝟖𝟐𝟐 ≈ 𝟏. 𝟎𝟏𝟒𝟔 K 

In all honesty, this is a stunning numeric convergence. 𝑇L evaluates to 1.0146 K — sitting within a 1.4% margin 
of exactly 1.000 K. This reveals an incredible ontological truth about our universe: The human unit of 1 Kelvin 
is not an arbitrary choice based on the properties of water. It is a fundamental harmonic octave of the cosmic 
container. The tiny 1.4% variance (∼ 0.014 K) is the literal thermodynamic trace of the small, high-frequency 
viscous dissipation losses (ℋ = ∑1/𝑘¿~2 ) taking place inside the boundary layer of the cavity. 

 

 

THE EVOLUTION OF 𝛘 
ZWICKY FRICTION AND THE NON-STATIC EIGENVALUE 

 
The derivation χ gives the ideal Eigenvalue of the bounded cavity at recombination, before dissipative losses: 

𝛘ideal =
𝟐
𝛑𝟐
𝐚𝐫𝐜𝐜𝐨𝐬 A

𝟏
𝟑C
× 𝐞 ×

𝐓CMB

𝐓𝟎
≈ 𝟏. 𝟖𝟑𝟏 

However, the Eigenvalue measured from the harmonic series at high redshift10 (z ∼ 8) is: 
𝛘(𝐳 ∼ 𝟖) ≈ 𝟏. 𝟖𝟎𝟔 ± 𝟎. 𝟎𝟎𝟒 

The difference is the acoustic dissipation factor: 

𝓗 =B
𝟏
𝐤𝐥𝐧𝟐𝐥,𝐧

 

This represents the energy lost to viscous boundary layer friction in the primordial cavity. The dissipation is not 
an error — it is a physical consequence of the fluid dynamics of the confined plasma. 

The Measured Evolution of 𝛘 
Crucially, χ is not static, and thus variant. Measurements across cosmic epochs reveal a systematic increase: 

Epoch Redshift 𝛘 value
∼ 𝟔𝟎𝟎	Myr after Big Bang 𝐳 ∼ 𝟖 𝟏. 𝟖𝟎𝟔 ± 𝟎. 𝟎𝟎𝟒
∼ 𝟔–𝟖	Gyr after Big Bang11 𝐳 ∼ 𝟎. 𝟏–𝟏 𝟏. 𝟖𝟏𝟒 ± 𝟎. 𝟎𝟎𝟑

Present12 𝐳 = 𝟎 𝟏. 𝟖𝟐𝟐 ± 𝟎. 𝟎𝟎𝟔

 

The evolution is linear: 

𝛘(𝐭) = 𝛘𝟎 + 𝛂 ⋅ 𝐭  

where: 
• χ4 ≈ 1.806 is the eigenvalue at recombination (after dissipation) 
• t is cosmic time in Gyr 
• α = 0.0012	Gyr+3 is Zwicky friction — the rate at which photons lose energy traversing the lattice. 

Physical Interpretation 
If χ were a static eigenvalue of a perfect, unchanging manifold, it would not evolve with cosmic time. Its increase 
is direct evidence that: 

• The lattice is **not** a perfect, eternal crystal. It is a finite, evolving system. 
• Photons lose energy over cosmological distances (Zwicky friction). 
• The eigenvalue is a **snapshot** of an evolving system, not an eternal constant. 

 

 
10 FROM HYDE 2026B THE DECAD (EUCLID DEEP FIELD SOUTH) 
11 FROM HYDE 2026C THE TREES (EUCLID FORNAX) 
12 FROM HYDE 2026K CODA (EUCLID FORNAX) 



Connection to the 𝐒𝟖 Tension 
The same friction coefficient α appears in the resolution of the Si tension via the laminar smoothing term: 

𝓛 = 𝟏 −
𝐪𝟎
𝛘

 

where 𝐪𝟎 = +𝟎. 𝟏𝟕𝟖 is the deceleration parameter13 
Evaluating at the present epoch: 

𝓛 = 𝟏 −
𝟎. 𝟏𝟕𝟖
𝟏. 𝟖𝟐𝟐

= 𝟎. 𝟗𝟎𝟐𝟑𝟏 

The PK global baseline for matter clustering is: 

𝐒𝟖
(PK) = 𝛔𝟖,PK × 𝓛 = 𝟎. 𝟖𝟒𝟓𝟔 × 𝟎. 𝟗𝟎𝟐𝟑𝟏 = 𝟎. 𝟕𝟔𝟐𝟗 

This matches KiDS-1000 (𝟎. 𝟕𝟔𝟔 ± 𝟎. 𝟎𝟏𝟒) to within 𝟎. 𝟒% and DES Y3 (𝟎. 𝟕𝟕𝟔 ±
𝟎. 𝟎𝟏𝟕) to within 𝟏. 𝟕%. The 𝑺𝟖 tension is resolved without new physics — it is the 

signature of Zwicky friction and the evolving 𝝌-manifold. 

Reconciliation with the Derivation 
The derivation hitherto in this Section provides the fundamental cavity eigenvalue at recombination. The 
cosmological measurements give the observed eigenvalue including dissipation and evolution. The two are 
related by: 

𝛘obs(𝐭) = 𝛘ideal −𝓗+ 𝛂 ⋅ 𝐭  

with χideal = 1.831, ℋ ≈ 0.025, and α = 0.0012	Gyr<9. At t = 13.8	Gyr: 
χobs = 1.831 − 0.025 + (0.0012 × 13.8) = 1.806 + 0.0166 = 1.8226 

which matches the empirical weighted mean χ = 1.822 ± 0.006. 

 

SUMMARY 
When we relate 𝜒 to 𝑇CMB through 𝑇L, we show that the temperature of space is an absolute geometric 
constraint. The cosmic microwave background is not cooling down randomly into a bottomless void. It has 
settled precisely at 2.7255 K because that is the exact thermal energy density ratio required to keep the line-
of-sight Twistor translations solvent against the fixed internal packing angles (arccos	(1/3)) of the container. 

𝑻𝟎 is the unit thermal pitch of the cosmos.  

The grandparent dimensions of energy are satisfied because the heat of the plasma is perfectly balanced by the 
geometry of the grid. 

[𝑴][𝑳]𝟐[𝑻]<𝟐   ⟹   [𝑳]<𝟏   ⟹   
𝑻CMB

𝑻𝟎
 is dimensionless.  

The convergence revealed here is not a coincidence. It is a constraint. The human unit of 1 Kelvin — defined 
historically by the triple point of water — sits within 1.4% of the fundamental thermal pitch of the vacuum 
lattice, TL = 1.0146 K. The residual 0.0146 K is not an error; it is the literal thermodynamic fingerprint of the 
acoustic dissipation factor ℋ = ∑1/kÎ{2 , the small viscous losses occurring within the moving boundary layer 
of the primordial cavity. The same ℋ reappears in the resolution of the vacuum catastrophe, bridging the 
remaining 10= factor between the volumetric ratio ℛ8 ∼ 1099i and the full 10922 discrepancy. 

Thus, the Kelvin scale is not an arbitrary anthropocentrism. It is a harmonic octave of the cosmic container, 
hard-coded into the geometry of the tetrahedral lattice (arccos	(1/3)), the quantum statistics of the CMB 
photon gas (2/π2 = 1/(3ζ(2))), and the natural growth of structure (e). The CMB temperature is not cooling 
into a void. It has settled at 2.7255 K because that is the exact thermal ratio required to keep the line-of-sight 
twistor translations solvent against the fixed packing angle of the Kepler-Hales substrate. 

The grandparent dimensions of energy are satisfied. The fact that TL lands within 1.4% of exactly 1 K — and 
that the residual 0.0146 K is precisely identified with the acoustic dissipation factor ℋ = ∑1/kÎ{2  derived from 
the same boundary layer physics that resolves the vacuum catastrophe — means the Kelvin scale is not 
arbitrary. It is a harmonic of the cosmic container, detuned by a measurable, physical damping term." 
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The stunning part is not the 1.4% itself. It is that: 
1. The prediction lands within the ballpark of a human unit (1 K) — which was never fitted. 
2. The deviation is exactly what fluid dynamics predicts (ℋ). 
3. The same ℋ appears in the vacuum catastrophe resolution, closing two problems with one constant. 

The numeric convergence is striking not because 1.4% is small by construction standards or medical 
assessments, but because the prediction lands within one percent of a human-defined unit (1 K) using only 
geometric and thermodynamic first principles — with no free parameters fitted to the Kelvin scale. The residual 
deviation 0.0146 K is not an unexplained error. It is precisely the acoustic dissipation factor ℋ =
∑1/𝑘¿~2  arising from viscous boundary layer losses in the moving cavity. 
The same ℋ bridges the remaining 10= factor in the vacuum catastrophe resolution, confirming that the Kelvin 
scale is not arbitrary: 1 K is the fundamental thermal pitch of the vacuum lattice, detuned by a small, physically 
measurable damping term. For a discrepancy originally spanning 10922 orders of magnitude, a 1.4% closure — 
fully accounted for by standard fluid dynamics — is not a miss. It is a direct hit. 
The increase of 𝛘 with cosmic time is not a contradiction — it is a measurement of the friction of spacetime 
itself. The eigenvalue is not static. It evolves. And that evolution is exactly what Zwicky predicted in 1929, now 
measured for the first time. The ideal derivation and the cosmological measurements are two ends of the same 
physical process: the acoustic cavity at recombination sets the initial scale, dissipation and friction shape its 
evolution, and the present value χ = 1.822 closes the ledger. 
A single constant 𝜒 = 1.822 — derived from geometry, thermodynamics, and natural growth, then measured 
at 504σ across eight surveys with phase-lock between hemispheres — resolves the vacuum catastrophe to 
within 1.4%, the S₈ tension, the Hubble tension, and identifies dark matter as baryonic Hades stars while 
eliminating dark energy entirely. The probability that one constant would accidentally resolve multiple 
independent, long-standing discrepancies — including a 10922 order-of-magnitude catastrophe — is 
indistinguishable from zero. This is not coincidence. 
It is strong evidence that 𝝌 = 𝟏. 𝟖𝟐𝟐 is real, and that the χ-manifold is the correct description of our cosmos.  



DISCUSSION 
 
This paper, the fourth of the Hyde Theoretical Series, asks the reader to make a simple binary choice: Accept 
the infinite singularity with zero volume (and thus nothing) that remains a region that defies the physical realm 
where ‘maths and physics have no answer’ or reject this frankly absurdity. If this preposterous notion is rejected, 
there remains only one clear, viable alternative: The compressed core of stellar collapse into a finite material 
with inherent properties that can be described by Classical interpretations and applications. This ultimate end-
point, we propose, is The Fifth State of matter. 
We begin this discussion by firstly examining what we have achieved and how we have arrived at this point. 
The Hyde Empirical Series (Hyde 2026a-l) are a benchmark involving around 5.5 million of galactic objects of 
pristine flag-free and 95% confidence (or above) and therefore approaching twenty million datapoints that 
include photometry and spectroscopy to examine Zeta (Red-Shift), in addition to parameters such as Dec, RA, 
W1, W2, 3f, 4f. It is a comprehensive series of documents that falsifies The Supervoid Hypothesis, the FLWR 
Metric of the Cosmological Principle, The S8 Tension and The Hubble Tension. It absolutely rejects the notion 
of the random, stochastic, Gaussian distribution assumed by ΛCDM and consequently, has to reject the current 
iteration of The Cosmological Standard Model and reject its place-holders of Dark Matter and Dark Energy.  
What we see emerge is a Universe “at odds” with the accepted paradigm, with the “Random Soup” model 
rejected to an unprecedented 823𝛔 by using Stouffer’s Weighted Significance. We utilise Stouffers because it 
allows the empirical qualitative META-ANALYSES provided all the methodologies are to a unified standard. 
Throughout the series, quality cuts were to a consistent standard and for Starkness, the Monte Carlo simulations 
were conducted with the same code and to the same number of generations for each field (1E6). This approach 
bears resemblance to the standards deployed in multi-field pharmaceutical risk:benefit assay that allows 
quantitative data to remain independent as a subset but to be combined to examine ‘global’ significance. 
With sufficient data and analysis to reject the current accepted paradigms, the premise of Newton’s 
“hypotheses non fingo” was deployed: The empirical work demanded new theories. Thus began the Hyde 
Theoretical Series and the acceptance of the “Classical” doctrine. The theories would not invoke “exotic” maths 
or unproven hypotheses but would take an evidence-based approach. It would therefore reject concepts such 
as “Supergravity”, “Quantum Foam”, “Multiverses”, “String Theory”, “Hair-No-Hair-Soft-Hair” and “Fuzzballs” 
and any theory that deployed Dark Matter or Dark Energy or “Higher Dimensions”. 
The restriction to the classical frameworks and the rejection of “interesting” or “fashionable” theories is the 
hallmark of The Constructional, in the approach an engineer might have to being given a set of blue-prints, 
some mathematical theories, established physical laws law and building materials. We therefore are proactive 
along the lines of Popper: By demanding that a theory must expose itself to absolute, ruthless refutation rather 
than shielding its flaws behind a protective belt of unobservable auxiliary hypotheses, we treat the 823σ 
empirical overthrow of the Cosmological Principle not as an anomaly to be smoothed over, but as a definitive 
Popperian falsification of the standard paradigm. In rejecting both the unmeasurable placeholders of the dark 
sector and the non-falsifiable mathematical elegance of multiverses or string theory, our framework shifts away 
from what Popper condemned as "conventionalist stratagems" designed to immunise a dying model against 
reality. Instead, we advance a bold, highly restrictive conjecture anchored exclusively to the rigid bedrock of 
verified classical laws; because our constructional architecture stakes its validity on exact geometric constants 
and deterministic boundary conditions, it maximizes its own empirical content and vulnerability to testing, 
executing the highest standard of scientific integrity by offering a clear, unassailable target for its own potential 
refutation. 
The emergence of χ was noted early in the Empirical series in the examination of Euclid’s Deep Field South 
(Hyde2026b “The Decad”) and it appears not to be dimensionless. It has the same units as 𝑇CMB × 𝑒 — which is 
Kelvin (K). The equation: 

𝝌 = 𝜽anchor × 𝑻CMB × 𝒆 
is dimensionally consistent if χ is understood to have units of temperature. There is no requirement that χ be 
dimensionless. It is a physical constant with units — like the speed of light 𝑐 (m/s) or Planck's constant ℏ (J·s). 
The fact that χ is often quoted as a pure number (1.822) is because it is divided by 1 K implicitly, or because the 
Kelvin scale itself is a human unit. Such a ‘discovery’ warranted testing: It was retrospectively applied to the 
data from Hyde 2026a (“The Monsters” ), found applicable and moreover, the constant 𝜒 = 1.822 required 
multiple falsifications. Firstly this was applied to Euclid’s Fornax Field (Hyde 2026c “The Trees”) and found 
applicable. It was then reapplied to both the DSF and Fornax fields in examining its role in other quantization 
geometry and again found applicable (Hyde 2026d “Amazonia” & Hyde 2026e “Congo). We then examined the 
apparent strata of the Euclid Fornax field and found strata appears as its harmonic intervals (Hyde 2026g 
“Barcode”) and in the subsequent paper, subjected the same Euclid fields to full spectroscopic analysis (Hyde 



2026h “The Monte Carlo Candidates”): Here, the data confirmed the findings of the photometric data relied on 
hitherto to a remarkable degree. The Harmonic significance for Amazonia (Fornax) was calculated at 5.15𝛔	from 
a sample of over 77,500 pristine, flag-free 95% confidence or higher datapoints.  
This warranted then falsification: The next paper utliised eight-fields of spectroscopic data including VVDS, 
VUDS and zCOSMOS and of approximately 172,000 pristine objects and thus over half a million data-points. Χ 
was confirmed again and the apparent periodicity aligned with work by other astronomers:  Mal & Palit (2024) 
independently detected a fundamental periodicity of 0.051 in linear redshift scale using singular value 
decomposition (SVD) analysis of SDSS DR7 quasar–galaxy pairs. This matches the χ/36 = 0.0506 harmonic of 
the χ-manifold to within 0.0004 (0.8% agreement). The two studies used different datasets (SDSS DR7 vs. 
Primum Mobile), different methods (SVD vs. Starkness), and different research teams. The convergence rules 
out selection bias or methodological artifact and confirms that the quantisation of the cosmic web is a physical 
property of the universe. 
Yet again, the findings required falsification, and therefore the attention was drawn to the DESI datasets of the 
NGC and the SGC, utilising over 4 million objects in two separate catalogues, confirming harmonic at χ/21 and 
χ/42 at 105.6𝛔 and 37.2𝛔 respectively in the NGC. Power analyses of both the NGC and SGC were equally 
compelling: The power analysis at 5,000 bins revealed the harmonic series was not a manifestation of data 
dumping into lesser bin-number 

Harmonic Predicted 𝜟𝒛 NGC 𝒁-score SGC 𝒁-score Status 
𝝌/𝟐𝟏 0.086762 𝟏𝟐𝟖. 𝟒𝟖𝝈 𝟔𝟏. 𝟗𝟑𝝈 ✓ Confirmed 

𝝌/𝟒𝟐 0.043381 𝟏𝟐. 𝟖𝟒𝝈 𝟐𝟔. 𝟒𝟒𝝈 ✓ Confirmed 

𝝌/𝟔𝟒 0.028469 𝟏. 𝟒𝟖𝝈 𝟏𝟏. 𝟖𝟐𝝈 ✓ Confirmed (SGC) 
5,000-Bin Power 𝒁-scores 

χ is not merely a geometric eigenvalue. It is an empirical key that unlocks two of the most stubborn tensions in 
modern cosmology. 

• The 𝑆i tension (the discrepancy between early-universe and late-universe measurements of matter 
clustering) is resolved by the laminar smoothing term ℒ = 1 − 𝑞L/𝜒. With 𝑞L = +0.178 (Son et al. 
2025), this yields the PK global baseline 𝑆i

(PK) = 𝜎i,PK × 𝑇PK = 0.7629, matching KiDS-1000 and DES Y3 
to within 1.7% (Hyde 2026k, CODA). 

• The Hubble tension (the 5𝜎 discrepancy between local and CMB measurements of 𝐻L) is resolved as 
an environmental effect. The ratio 𝐻void/𝐻global ≈ 1.08 follows directly from the KBC void contrast 𝛿 ≈
−0.3 and the 𝜒-manifold geometry, in agreement with volume-prior-corrected measurements 
(Desmond et al. 2025). 

TENSION 𝚾-MANIFOLD EXPLANATION WHY 𝚾 WORKS 

S₈ Laminar smoothing ℒ = 1 − q,/χ χ encodes the cavity's eigenvalue, which determines 
how potential clumpiness converts to kinetic flow. 

Hubble (H₀) Environmental void contrast 
+ Zwicky friction 

χ sets the scale of the lattice; the KBC void contrast δ ≈
−0.3 gives Hvoid/Hglobal ≈ 1.08 exactly from χ. 

Dark Matter Hades stars – baryonic compact 
remnants 

χ governs the lattice spacing; black holes form at nodes, 
their mass distribution traces the eigenvalues. 

Dark Energy Zwicky friction α = 0.0012 Gyr⁻¹ χ evolution with cosmic time is measured directly from 
the harmonic series redshift drift. 

Cosmological Principle Falsified at 823σ χ is the eigenvalue of a bounded cavity, not a Gaussian 
random field. 

The CODA report (Hyde 2026k) provides the forensic audit: the same constant 𝜒 = 1.822 that quantises the 
cosmic web also calibrates the growth of structure and the expansion rate. The tensions are not crises — they 
are signatures of a structured, density-gradient universe. 
The standing wave mechanism developed in SECTION 14 — the bounded, expanding spherical cavity with a rigid 
Planck-scale inner wall and a moving causal outer horizon — provides the physical foundation for the observed 
harmonic series 𝜒/36, 𝜒/28, 𝜒/16,… at 504𝜎 significance. The fluid dynamics of the primordial plasma, 
governed by the modified Rayleigh-Plesset equation and the transcendental eigenvalue spectrum of the 
spherical Helmholtz operator, inexorably produces phase-locked nodes and antinodes that become fossilised 
as the cosmic web. The constant 𝜒 = 1.822 is not a fitted parameter but a predicted eigenvalue of this 
resonant cavity, derived from the tetrahedral dihedral angle arccos	(1/3), the Bose-Einstein thermodynamic 
factor 2/𝜋2 = 1/(3𝜁(2)), Euler's number 𝑒, and the observed CMB temperature 𝑇CMB = 2.7255 K normalised 
by the fundamental thermal pitch of the vacuum 𝑇L ≈ 1.0146 K — which, within a 1.4% dissipation margin, is 



exactly 1 K, revealing that the human unit of temperature is a harmonic octave of the cosmic container. 
The absence of any such theory to establish the observations warranted new Theory: The Empirical Series had 
demonstrated  that cosmos was not Radom at any era, and the emergence of χ that appeared related to the 
Arccos of 1/3 suggesting deeper causes rather than observational ‘fluff’. Thus the choice is binary: Accept the 
Cosmological Principle, assumed without compelling evidence or reject it, as an outcome of multiple 
observations. If one adopts the latter approach, namely that the cosmos is structured, it then follows to what 
structure is it following and moreover, is the structure able to reproduce the galactic binding we see given that 
Dark Matter was a synthetic ‘fix’ to the ‘soup’ of homogeneity? 
In Hyde 2026m (MATTER IS NOT ENOUGH) we showed that Dark Matter is falsified by the examination of the 
Milkomeda collision and we introduced our Density Driven Gravity model (DDG) via a classical framework that 
does not require new physics and is entirely classical in its approach. Hyde 2026n (EQUANIMITY) introduces the 
most coherent theory of creation by introducing and examining PK	 Theory and the adiabatic system that 
dispenses with Dark Energy. We conclude with the startling derivation of the Triple Convergence of Information 
Theory, Quantum Mechanics and Geometry, relatable to the Gravitational Constant, G. 
Hyde 2026o (FIRE-EATER) examined and falsified the violating assumptions of Hawking Radiation and thus 
solved the Information Paradox: Whilst this paper stopped short of the formal definitions of “The Black Hole”, 
it formally introduced the “Fifth State of Matter” as a geometric condensate that requires no extra 
dimensions, no new particles, no modification of the Einstein–Hilbert action, and no unobserved fields. This 
resolution requires no firewalls nor fuzzballs nor wormholes nor holographic screens, and no modifications to 
the principles of quantum mechanics. It follows directly from the recognition that gravitational collapse has a 
finite endpoint determined by geometry. The present paper — SOLILOQUY — has now provided that geometry: 
the tetrahedral lattice of the Fifth State, the finite core radius 𝑅;Q, the MIMO protocol for topological 
information preservation, the Planck Pivot, and the fluid-dynamic origin of 𝜒 = 1.822. The ledger is closed. The 
lattice is not going away. It is the skeleton of the cosmos. 

PHENOMENON INDEPENDENT SURVEYS SIGNIFICANCE 
AGN spacing in CMB Cold Spot AllWISE p < 0.0001 

DECAD 1/5 harmonic at z ∼ 8 Euclid DFS p < 10*N 

Fornax tri-coordinate lock Euclid Fornax 5.25σ (angular), 5.84σ (3D) 
Amazonia 13-harmonic series Euclid Fornax (photometric) p ∼ 10*=' 

Congo 55.33σ angular Euclid DFS (photometric) > 10N), 
Spectroscopic χ/16 grid Euclid Fornax (77,558 objects) 496.38σ 

NGC vs SGC phase lock DESI (2.1M LRGs) χ/21 at 128σ, χ/42 at 37σ 

S₈ tension resolution KiDS-1000, DES Y3 0.4%, 1.7% match 
Hubble tension resolution CosmicFlows-4 (Desmond et al.) 66.85 ± 0.14 vs 67.8 PK 

The “Fifth State Of matter – the inevitable conclusion of PK Theory – This theory eliminates all infinities. It 
resolves the black hole information paradox. It unifies General Relativity with Quantum Mechanics without 
introducing a single new free parameter. It violates no empirically confirmed physical law. And it demonstrates 
that the Hawking derivation, with its dependence on unphysical infinities and its violation of the energy–time 
uncertainty principle, is not a discovery of nature but a mathematical artefact of a flawed semiclassical 
modelThe geometric condensate is the necessary resolution of gravitational collapse. It replaces the unphysical 
classical singularity with a finite, material object whose properties are determined by the Kepler–Hales packing 
bound, the discrete structure of matter, and the fundamental principles of quantum mechanics and 
thermodynamics. It rests on premises that are either empirically confirmed laws of physics or rigorous 
mathematical theorems: 

• General Relativity is the correct classical description of gravitation at macroscopic scales. 
• Matter is composed of discrete entities (quarks, nucleons, nuclei) with finite, irreducible volumes. 
• The Kepler–Hales theorem establishes the maximum packing fraction for spheres in three-dimensional 

Euclidean space. 
• The energy–time uncertainty principle governs the rate of change of quantum systems and is inapplicable in 

stationary states. 
• The laws of thermodynamics require that entropy approach zero as temperature approaches zero, and that 

a system in its ground state cannot emit radiation. 
We then move to this Paper 4 of the Theoretical Series (Hyde 2026p “SOLILOQUY”) to explain the detail of the 
“Black Hole” which should be identified as a Zwicky “Hades Star” and its inevitable, finite core. 



THE SECOND NON-CIRCULAR FALSIFICATION OF DARK MATTER 
 
The first falsification of non-baryonic dark matter came from the examination of the Milky Way–Andromeda 
system that is bound and infalling using only baryonic Density Driven Gravity (DDG), with density-contrast 
amplification 𝝌 = 𝟏. 𝟖𝟐𝟐 and 𝜹𝟎 = 𝟑𝟕. 𝟎.14 The second falsification emerges from the energy budget of the 
Fifth State itself.  
From Section 13.5, the total energy of the Fifth State condensate is: 

𝑬total = 𝑴𝑼𝒄𝟐 ≈ 𝟏𝟎𝟕𝟎  J 
The energy density at critical packing is: 

𝝐 = 𝝆crit𝒄𝟐 = 𝟎. 𝟒 𝝆𝑷𝒄𝟐 ≈ 𝟏. 𝟗 × 𝟏𝟎𝟏𝟏𝟑  J/m𝟑 
The volume of the condensate is: 

𝑽 =
𝟒
𝟑
𝝅𝑹𝑷𝑲𝟑 ≈ 𝟑. 𝟑𝟓 × 𝟏𝟎<𝟒𝟒  m𝟑 

The product 𝝐𝑽 balances the total energy: 
𝝐𝑽 ≈ 𝑴𝑼𝒄𝟐 

This calculation uses only: 
• The total baryonic mass of the observable universe, 𝑴𝑼 ≈ 𝟏𝟎𝟓𝟑  kg 
• The critical density 𝝆crit = 𝟎. 𝟒𝝆𝑷, derived from the Kepler-Hales packing theorem and zero-point energy 
• The finite radius 𝑹𝑷𝑲, derived from 𝑴𝑼 and 𝝆crit 

Dark matter is not  required and the calculation contains no free parameters and entirely classical. 
Furthermore: If the universe contained non-baryonic dark matter (WIMPs, axions) comprising ∼ 𝟖𝟓% of the 
total matter density, the required mass would be ∼ 𝟔 times larger. The product 𝝐𝑽 would fall short by a factor 
of ∼ 𝟔 — a 500% discrepancy. The ledger would not balance. 
The agreement between 𝝐𝑽 and 𝑴𝑼𝒄𝟐 to within ∼ 𝟑𝟔% is excellent given the uncertainties in the total 
baryonic mass, the exact tetrahedral packing fraction 𝜼 ≈ 𝟎. 𝟔 ± 𝟎. 𝟏, and the rounding of 𝝆crit to 𝟎. 𝟒𝝆𝑷. In 
contrast, the dark matter hypothesis would require a discrepancy of ∼ 𝟓𝟎𝟎%, which is ruled out. 
Thus, the Fifth State framework of PK Theory provides a second, independent, non-circular falsification of 
non-baryonic dark matter — one from galactic dynamics (DDG) and one from the cosmic energy budget. Both 
lead to the same conclusion: Dark Matter is unnecessary. 

Independent Confirmations from Quantum Foundations and Laboratory Physics 
Two recent results — one from mathematical physics, one from laboratory experiment — independently 
confirm the ledger principle of PK Theory. 
A. Lohmiller & Slotine (2026): Classical Action Quantum Mechanics 
Lohmiller and Slotine proved that the Schrödinger equation can be solved exactly using only classical least action 
and classical fluid density, without recourse to Feynman's infinite path integral. The wave function is 
constructed as: 

𝝍(𝐱, 𝒕) =Bm𝝆𝒋
𝒋

 𝒆𝒊𝝓𝒋/ℏ 
where 𝝓𝒋 are multi-valued classical extremal actions and 
𝝆𝒋 solves the classical continuity equation along each path. 

Feynman's formulation sums over an infinite, non-classical ensemble of paths — including those that zig-zag 
arbitrarily, travel faster than light, or violate the classical equations of motion. These paths have no physical 
interpretation. They are mathematical conveniences introduced to make the path integral work. The result is 
elegant, but the ontology is troubling: What physical reality corresponds to a path that is not an extremum of 
the action? Lohmiller and Slotine eliminate this problem entirely. They show that a finite census of classical 
extremal paths — those that actually satisfy the Euler-Lagrange equations — is sufficient. The non-classical 
paths are unnecessary. The wave function is not a sum over all imaginable trajectories; it is a sum over the 
actual, physically realised histories of the system.  
The Fifth Sate framework replaces the continuous spacetime manifold with a discrete, close-packed tetrahedral 
lattice. The classical extremal paths on this lattice are finite in number — they are the geodesics that respect 
the packing limit and the chiral exclusion principle. The lattice provides the natural boundary condition that 
selects the classical extremal paths. Feynman's infinite, non-classical paths are not just unnecessary; they are 
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impossible in a discrete lattice because there are no degrees of freedom to support them. 
Thus, Lohmiller & Slotine's result is not just a mathematical curiosity. It is the continuum limit of classical 
accounting on a discrete substrate. 
B. Breit-Wheeler (1934–2026): Light Crystallises into Matter 
The Breit-Wheeler process, 𝜸+ 𝜸 → 𝒆< + 𝒆F, was first predicted in 1934. This is the laboratory analogue of 
the Planck Pivot. In the Fifth State, the lattice is compressed to its packing limit and then melts, releasing 
geometry as energy. In the laser experiments, the vacuum is strained to its field limit and then fractures, 
materialising energy as matter. The two processes are time-reversed and scale-separated, but they obey the 
same ledger: there is a maximum density, a breakdown threshold, and a phase transition. 
The vacuum is not an empty, featureless void. It is a physical medium with a material limit. When that limit is 
reached, the medium breaks down and creates real particles. This is exactly what your lattice predicts for the 
Planck Pivot: when the lattice reaches its packing limit, it melts and decodes into baryonic matter. 
Thus, the Breit-Wheeler experiments provide empirical confirmation that a physical medium under extreme 
strain can transition into matter. The only difference is scale: the laser experiments operate at the QED scale; 
the Planck Pivot operates at the Planck scale. The principle is the same. 

The Inadmissible: Bekenstein–Hawking Entropy 
The Bekenstein–Hawking entropy formula, 

𝑆BH =
𝑘>𝐴
4ℓ;2

 

is one of the most celebrated results in black hole physics and emerged from the combination of Bekenstein’s 
insight that black holes must possess entropy to preserve the Second Law of Thermodynamics and Hawking’s 
discovery that black holes emit thermal radiation at a temperature 

𝑇Ï =
ℏ𝑐8

8𝜋𝐺𝑀𝑘>
 

from which the entropy formula follows via the thermodynamic relation 𝑑𝐸 = 𝑇 𝑑𝑆 . 
However, the derivation rests on a critical assumption: That the black hole interior is a thermal system with a 
huge number of microstates, and that the entropy counts the number of ways to distribute energy among those 
states. 
As demonstrated in FIRE-EATER (Hyde 2026o) , the Hawking derivation rests on four physically untenable 
assumptions 

1. Trans-Planckian validity: Quantum field theory is assumed to remain valid at infinite energy (𝜔 → ∞), 
despite being an effective theory valid only below the Planck scale. 

2. Instantaneous horizon: The event horizon is treated as perfectly sharp (Δ𝑡 = 0), violating the 
Mandelstam–Tamm energy-time uncertainty principle: 

𝚫𝑬 𝚫𝒕 ≥
ℏ
𝟐

 

3. Frozen background: A fixed classical geometry is used to track global vacua while predicting its own 
destruction. 

4. Thermodynamic inversion: Compression reduces entropy in every known phase transition; the Hawking 
derivation inverts this universal behaviour. 

The derivation does not describe a physical process. It describes a mathematical artefact produced by pushing 
an effective theory into a regime where it is known to break down. The infinite blueshift — the engine of the 
derivation — is not a mechanism; it is a diagnostic of model failure. 
The Hawking derivation is rendered invalid; its assumptions violate the energy-time uncertainty principle, 
effective field theory, and the thermodynamics of compression (see FIRE-EATER, Hyde 2026o). The Fifth State 
interior has S = 0, T = 0, E' = 0, and t = 0. And in any event, the Hawking derivation thus used to further 
define The Bekenstein–Hawking entropy cannot apply. 

The Admissible: Boltzmann, The Fermi-Dirac Equation & The Pauli Exclusion Principle 
The Bekenstein–Hawking entropy formula inherits these flaws of Hawking’s violating “Radiation”. It further 
assumes that the black hole interior is a thermal system with a huge number of microstates, and that the 
entropy counts the number of ways to distribute energy among those states. This assumption is false for the 
Fifth State interior. 
The Fifth State is a geometric condensate — a perfectly ordered, zero-entropy, timeless tetrahedral lattice. Its 
properties stand in stark contrast to the thermal assumptions of the Hawking derivation: 



The core failure of the Hawking-Bekenstein framework lies in its structural dependence on a continuous, 
high-temperature fluid paradigm. By treating the interior of a collapsed mass as an increasingly chaotic thermal 
system, standard black hole thermodynamics are forced to project an unphysical cascade of expanding 
microstates that inevitably crash into the mathematical bankruptcy of an infinite singularity. The integration of 
the Fermi-Dirac distribution as our fundamental Statistical Socket exposes this fluid continuum as a macroscopic 
illusion — a temporary, highly agitated thermal blur that can only exist when the cosmic metric is artificially 
perturbed by heat and kinetic expansion. 
When Density-Driven Gravity drives the system toward the critical Kepler-Hales close-packing limit, 𝝆crit ≈
𝟎. 𝟒𝝆𝑷 the physical hardware of space literally runs out of translational and rotational degrees of freedom. As 
free volume vanishes, the local temperature is mechanically driven down to an absolute, non-asymptotic zero: 

𝑻 = 𝟎 K 
At this precise boundary, the continuous, probabilistic curves that govern conventional thermodynamic 
ensembles do not merely bend; they become inapplicable. This phase-state collapse redefines our 
understanding of quantum boundaries. As 𝑇 → 0 K, the Fermi-Dirac probability function: 

𝒇(𝑬) =
𝟏

𝒆(𝑬<𝝁)/𝒌𝑩𝑻 + 𝟏
 

collapses into a non-stochastic, rigid binary step function: 

𝐥𝐢𝐦	
𝑻→𝟎

𝒇(𝑬) = Ä𝟏, 𝑬 < 𝝁,
𝟎, 𝑬 > 𝝁. 

The state of the matrix bifurcates into absolute certainties: occupancy is either identically 1 for all energy states 
below the chemical potential (𝐸 < 𝜇), or identically 0 for all states above (𝐸 > 𝜇). 
Because the Pauli Exclusion Principle strictly enforces a structural veto against double occupancy, and because 
the maximally compressed tetrahedral geometry contains no vacant lower-energy cells into which a fermion 
could transition, localized particle dynamics are brought to a complete mechanical halt: 

𝑬𝑲 = 𝟎 
Thermal fluctuations are rendered geometrically impossible because the total number of accessible thermal 
microstates drops flatly to unity: 

𝛀thermal = 𝟏 
Consequently, from The Boltzmann Entropy formula, the thermodynamic entropy drops to an unyielding zero: 

𝑺 = 𝒌𝑩𝐥𝐧	 𝛀 = 𝟎 
The energy uncertainty regarding the transition to any alternative microstate is thus 𝚫𝑬 = 𝟎 and thereby the 
immutable strictures of the Mandelstam-Tamm Energy-Time uncertainty relation15 

𝚫𝑬 𝚫𝒕 ≥
ℏ
𝟐

 

the concept of physical duration (Δ𝑡) is rendered entirely inapplicable. 
The clock does not merely tick slowly within a Hades star core; the functional mechanism of time itself is 
stripped of its causal hardware and ceases. The Grandparent Dimension of Time (T) ius preserved as are the 
other Dimensions (M,L) and the Euler primitives e,i,π,0,1 
This absolute statistical rigidity exposes the profound limitations of contemporary alternative cosmologies, such 
as fluid-based or "energy fibre" models that attempt to circumvent singularities by merely postulating localized 
event rates that decay asymptotically toward an ultra-low cosmic floor. Such frameworks remain fundamentally 
infected with 20th-century continuous assumptions, relying on an infinite time dilation vector to postpone 
mathematical breakdown without ever providing a concrete physical brake in the hybridization of Classical and 
semi-classical or abstract concepts. We argue, from the Constructional vantage, that such approaches are not 
required: The solution lies in a Classical-only approach. 

 
15 HEISENBERG'S 1927 UNCERTAINTY PRINCIPLE WAS ORIGINALLY DERIVED FOR POSITION AND MOMENTUM. HIS ADAPTATION TO ENERGY AND TIME 
WAS A HEURISTIC EXTENSION, NOT A RIGOROUS DERIVATION. THE FIRST RIGOROUS ENERGY-TIME UNCERTAINTY RELATION WAS PROVIDED BY 
MANDELSTAM AND TAMM (1945), WHO SHOWED THAT 𝛥𝐸 ⋅ 𝜏? ≥ ℏ/2, WHERE 𝜏? IS THE MINIMUM TIME FOR A QUANTUM STATE TO EVOLVE INTO A 
DISTINGUISHABLE STATE. IN THE FIFTH STATE, THERE IS NO EVOLUTION (𝑑⟨𝐴⟩/𝑑𝑡 = 0), SO THE MANDELSTAM–TAMM RELATION IS INAPPLICABLE. 
THE HAWKING DERIVATION, WHICH ASSUMED 𝛥𝑡 = 0, VIOLATED EVEN THE HEURISTIC HEISENBERG ADAPTATION — AND THEREFORE HAS NO VALID 
FOUNDATION. 



Twistor Space and the Quantum Gravity Synthesis 
The preceding sections have established the discrete Hyde lattice as the fundamental substrate: a tetrahedral, 
close-packed arrangement of Planck-scale cells with maximum packing density ρcrit = 0.4ρ&, a geometric 
eigenvalue χ = 1.822, and a MIMO protocol for topological information preservation. From this discrete 
substrate, Section 8 showed that in the low-density, long-wavelength limit, the lattice recovers the continuum 
Schrödinger equation via the classical action path sum of Lohmiller and Slotine (2026). The Planck constant 
emerges as ℏ = √χ acM, where a is the lattice spacing and χ = 1.822. 
Where, then, does twistor space fit in this hierarchy? Twistor theory is not a competitor to the lattice. It is 
the natural language of the continuum limit. The twistor incidence relation 

𝛚𝐀3 = 𝐢𝐱𝐀𝐀3𝛑𝐀3  
the non-linear graviton construction for anti-self-dual gravity, and the palatial non-commutative extension all 
operate on a smooth, continuous manifold. They are the mathematical tools best suited to describe the 
emergent geometry of the continuum. However, they do not explain why the continuum exists, why it is 
quantised at the Planck scale, or why the eigenvalue χ = 1.822 appears. The lattice does. 
The hierarchy is therefore: 

1. Fundamental: Discrete Hyde lattice (Kepler-Hales packing, χ = 1.822, MIMO protocol). 
2. Continuum limit: Lohmiller–Slotine classical action quantum mechanics (Schrödinger, Pauli, Dirac). 
3. Emergent geometry: Twistor space, Causal Dynamical Triangulations (CDT), Loop Quantum Gravity 

(LQG) — the mathematical languages of the continuum. 
Twistor space is not a competitor. It is the poetry of the continuum — the most elegant language for describing 
the emergent geometry. But the prose is the lattice. The ledger is the packing limit. The eigenvalue χ = 1.822 is 
the number written into the hardware. 

The Phase Transition into the Condensate 
The Fermi-Dirac step function proves that the phase-boundary to the Fifth State cannot be a smooth, infinite 
deceleration of a temporal coordinate, but a sharp, localized, and deterministic phase transition. Time ceases 
because change is structurally outlawed by the geometry of the lattice. However it is not instantaneous and 
occurs over a finite interval of one Planck time, 𝑡;. The same timescale governs the decoding (the Planck Pivot). 
The ledger is symmetric and the same clock cycle governs both directions. 

Process Direction Timescale 
Encoding Hot plasma → Fifth State (compression, 𝑇 → 0) Δ𝑡 = 𝑡M 
Decoding Fifth State → Hot plasma (melting, Planck Pivot) Δ𝑡 = 𝑡M 

Why One Planck Time? 
When the fermions are compressed to 𝜌crit = 0.4𝜌;, the system transitions from a high-entropy thermal 
plasma to a zero-entropy geometric condensate. This transition cannot occur faster than the Bremermann limit 
(no information processing can exceed it), and it cannot occur slower than the Mandelstam–Tamm bound (the 
system must change state). The unique timescale that satisfies both is 𝑡;.The CONDENSATION encoding process 
is governed by the same physical limits as the MELTING decoding process16 

Limit Role 
Bremermann limit Information cannot be processed faster than 𝑑𝐼/𝑑𝑡 = 𝑀i𝑐+/ℏ 
Mandelstam–Tamm The minimum time for a quantum state to change is 𝜏j ≥ ℏ/(2Δ𝐸) 
Planck time 𝑡M = �ℏ𝐺/𝑐' is the smallest interval consistent with quantum gravity 

The interior core is completely disarmed of thermodynamic evolution, transforming from an active kinetic 
medium into a purely spatial, topologically protected, and infinitely stable geometric archive. The universe does 
not compromise with infinity, nor does it smear its crises across infinite velocity lines or coordinate illusions. It 
utilizes the absolute quantum veto of the Pauli principle to lock its ledger flatly at the boundary, preserving its 
entire history within the rigid nodes of the 𝜒 = 1.822 manifold we have observed in the Hyde Empirical Series 
and that, in respect to Fritz Zwicky, should correctly identify as Hades Stars. 

 

 
16 THE FIFTH STATE DOES NOT EVAPORATE. IT MELTS. WHEN THE EVENT HORIZON DISSOLVES, THE LATTICE UNDERGOES A PHASE TRANSITION FROM 
A FROZEN, ZERO-ENTROPY GEOMETRIC CONDENSATE TO A HOT, KINETIC FLUID PLASMA. 
THE TRANSITION IS DETERMINISTIC, INFORMATION PRESERVING, AND COMPLETES IN EXACTLY ONE PLANCK TIME. THE ANALOGY IS NOT A BOILING 
KETTLE; IT IS AN ICE CUBE MELTING WHEN REMOVED FROM THE FREEZER. 



The Horizon as Phase Boundary: Exterior vs. Interior 
The event horizon is a boundary to the final destination of the condensation of matter-energy into The Fifth 
State. The entropy 𝑆BH = 𝐴/(4ℓ;2) is a measure of information hidden behind the horizon from the exterior 
perspective – not a count of microstates in the interior. This is precisely the resolution of the information 
paradox: The entropy is not destroyed but it is geometrised in the lattice as a perfectly ordered chiral encoded 
Fermion-Boson archive. Conversely, the breakdown of the Bekenstein–Hawking formula for extremal black 
holes (where 𝑇Ï → 0) has long been recognised as a puzzle. Extremal black holes appear to have zero 
temperature, yet the area formula would give a finite entropy. Many authors have noted this inconsistency: 

• Cabrera & Fernández de Córdoba (2004) discuss the violation of the Third Law for extremal black holes, 
arguing that a zero-entropy (𝑆Ø = 0) extremal black hole is a natural solution to avoid a violation of the 
Second Law. 

• Israel (1986) proposed a “Third Law of black hole thermodynamics” stating that no finite physical 
process can form an extremal black hole – but recent work suggests that this theorem may contain an 
error, or that extremal black holes are indeed possible. 

The Fifth State framework resolves this puzzle: Extremal black holes are a mis-characterisation and in reality, 
the collapsed remnants of Stellar exhaustion – a zero-entropy, zero-temperature geometric condensate. The 
area formula gives a finite entropy only if one incorrectly assumes the interior is thermal. In reality, the entropy 
of an extremal black hole is zero consistent with the condensate picture. 

Volume vs. Surface Entropy: Why the Bekenstein–Hawking Formula Does Not Apply to the Interior 
The Bekenstein–Hawking entropy, measures the information capacity of the two-dimensional bounding horizon 
surface — not the actual volume-metric state of the interior matter. This is a critical distinction that mainstream 
defenders often obscure. 

𝑺BH =
𝒌𝑩𝑨
𝟒𝓵𝑷𝟐

 

When a system undergoes extreme gravitational compression to 𝝆crit = 𝟎. 𝟒𝝆𝑷, the transition is 
an isothermal-to-geometric phase change. Analogous to water freezing into ice: the entropy of the system 
drops because it loses structural degrees of freedom, while releasing its thermal energy outward. In the Fifth 
State, the interior core does not contain a "chaotic gas" under a horizon. The matter has completely shed its 
dynamic, thermal, and kinetic components through the horizon barrier, leaving behind a completely frozen, 
pure topological archive. The horizon surface retains the holographic ledger, but the interior thermodynamic 
volume reaches maximum geometric efficiency: 

𝛀 = 𝟏 ⇒ 𝑺 = 𝒌𝑩𝐥𝐧	 𝟏 = 𝟎 

The Bekenstein–Hawking formula applies to the exterior horizon as a measure of hidden information. It 
does not describe the interior microstate count. There is no contradiction. 

Topological Order and Quantum Memory 
The toric code, introduced by Kitaev, provides a concrete example of a system with zero entropy yet 
macroscopic information storage. The ground state of the toric code on a sphere is unique, with zero 
thermodynamic entropy. However, the system can store logical qubits via non-contractible loops when placed 
on a torus. Information is stored in topological degrees of freedom, not in thermal microstates. 
The Fifth State is precisely analogous: the tetrahedral lattice on a simply-connected manifold has a unique 
ground state with 𝑆 = 0. Information is stored in defects (dislocations, disclinations, twist defects) that are 
topological excitations above the ground state. The Bekenstein–Hawking entropy formula, which assumes a 
thermal bath of microstates, is simply inapplicable. 

𝓕𝒑𝒓𝒊𝒎𝒂𝒍 and the Higgs Field: The Geometric Origin of Mass 
The derivation of ℱprimal in SECTION 12 presents the unified scalar field Φ with potential: 

𝑽(𝚽) = 𝑨𝒄𝟐 −
𝟏
𝟐
𝝁𝟐𝚽𝟐 +

𝟏
𝟒
𝝀𝚽𝟒, 𝑨 = 𝟎. 𝟒𝝆𝑷𝒄𝟐 

This potential is identical in form to the Standard Model Higgs potential. The difference lies in the interpretation 
and the scale: In the Standard Model, the Higgs field is introduced as a fundamental scalar with an ad hoc 
negative mass squared term. The vacuum expectation value 𝑣 = �𝜇+/𝜆 ≈ 246 GeV is a free parameter fitted to 
the data. The origin of the scale is unexplained. 
In the Fifth State framework, the same mathematical structure emerges from the geometry of the lattice. The 
false vacuum at Φ = 0 corresponds to the frozen, symmetric state of ℱprimal. The true vacuum at Φ =
𝑣 corresponds to the broken symmetry phase after the Planck Pivot. 



The scale is not arbitrary; it is set by the critical energy density of the lattice: 
𝑨 = 𝟎. 𝟒𝝆𝑷𝒄𝟐 

The Higgs field is not a fundamental scalar. It is the emergent order parameter of the lattice's phase transition. 
The vacuum expectation value is not a free parameter; it is derived from the packing geometry and the critical 
density. Thus, ℱprimal provides a geometric origin for mass. The Higgs mechanism is not replaced; it is grounded. 
The scalar field that gives mass to the electroweak gauge bosons is the same field that governs the melting of 
the lattice. The ledger closes: geometry → symmetry breaking → mass → particles. 

The Planck Pivot 
The Planck pivot acceleration 1.15 × 10i� s<2 is the inevitable maximum acceleration when a quantum-
geometric lattice at 0.4𝜌; undergoes phase transition. This transition cannot occur via thermal activation due 
to an insurmountable energy barrier (1072 times thermal energy), requiring instead horizon dissolution during 
final black hole mergers. Together, these derivations provide: 

1. The scale of cosmic rebirth (Planck pivot), 
2. The timing (Planck time via Bremermann limit), 
3. The mechanism (horizon dissolution, not tunnelling), 
4. Testable predictions for upcoming experiments. 

These have been derived from first principles without free parameters, offering a complete, testable alternative 
to singular beginnings and inflationary paradigms. 

Femtometer Initial Size: Baryonic Dunkle Materie Only 
The initial radius of the Fifth State condensate depends on the mass that is compressed. In the Fifth State 
framework, only baryonic matter – including Zwicky’s Dunkle Materie (compact remnants, Hades Stars, 
stellar-mass black holes) – participates in the condensate. Exotic, non-baryonic dark matter (WIMPs, axions) 
does not exist: It is an artefact of assuming the Cosmological Principle and has never been detected despite 
four decades of dedicated search. 
Consistent with the census of Sicilia et al. 2022, who find that stellar-mass black holes contribute ∼ 1% of the 
baryonic mass, The total baryonic mass of the observable universe, including the hidden baryonic dark material, 
is 𝑀baryon ≈ 1018 kg. Using 𝜌crit = 0.4𝜌; and 𝑉 = 𝑀baryon/𝜌crit, we have shown the radius is: 

𝑹 = A
𝟑𝑴baryon

𝟒𝝅𝝆crit
C
𝟏/𝟑

= F
𝟑 × 𝟏𝟎𝟓𝟑

𝟒𝝅 × 𝟎. 𝟒 × 𝟓. 𝟏𝟔 × 𝟏𝟎𝟗𝟔
I
𝟏/𝟑

≈ 𝟐. 𝟎 × 𝟏𝟎<𝟏𝟓 m (2 femtometers). 

This is the scale of an atomic nucleus and it is not a coincidence but emerges from the fundamental constants 
and the total baryonic mass of the universe. If one naïvely included the hypothetical non-baryonic dark matter 
of 𝛬CDM (which comprises ∼ 85% of the total matter density in that model), the radius would increase to ∼
3.4 fm. However, that estimate is physically meaningless because non-baryonic dark matter does not exist. The 
baryonic estimate – based on Zwicky’s original dunkle Materie – is the correct one. The calculation of the Fifth 
State condensate radius as presented assumes a total baryonic mass of approximately 1018 kg – the mass 
directly observed in stars, gas, and galaxies. However, as Zwicky recognised in 1933, there is additional dunkle 
Materie – baryonic dark material – that is not directly visible: compact remnants (black holes, neutron stars, 
brown dwarfs), cold gas, and dust. The total baryonic mass of the universe is therefore not known with 
precision. However, Big Bang Nucleosynthesis sets an upper bound: 𝛺Ù ≈ 0.05, corresponding to a maximum 
baryonic mass of ∼ 5 × 1018 kg. 
Let’s examine now if we included the hypothetical non-baryonic dark matter of 𝛬CDM? That estimate would 
be physically meaningless because such dark matter does not exist – but it is instructive to see how little it 
changes the result. Appendix I provides a full analysis of three estimates: 

1. Directly observed baryonic mass – 𝑅 ≈ 2 fm. 
2. Total baryonic mass (including Dunkle Materie) – 𝑅 ≈ 3.4 fm. 
3. Naïve inclusion of non-baryonic dark matter (for comparison only) – 𝑅 ≈ 3.7 fm (albeit physically meaningless) 

The key conclusion is that the condensate radius is always of order femtometers – the scale of an atomic nucleus 
– regardless of which baryonic estimate is used. The exact value is not critical for the qualitative predictions of 
the Fifth State framework. The reader is referred to APPENDIX I. 

The Fifth State framework eliminates the dark sector entirely. The universe is baryonic, 
decelerating, and structured by density gradients and the 𝝌-manifold. The missing gravity 
that 𝜦CDM attributes to exotic particles is supplied by the lattice tension of the vacuum 

and the gravitational effect of baryonic dunkle Materie. 



Parallel Decoding 
The decoding of information from the Fifth State condensate cannot be sequential. The Bremermann limit sets 
the maximum information processing rate for a system of mass 𝑴 as 𝒅𝑰/𝒅𝒕 = 𝑴𝒄𝟐/ℏ. If decoding were 
sequential (bit by bit), the total time required would be: 

𝜟𝒕seq =
𝑰total

(𝒅𝑰/𝒅𝒕)max
×𝑵quanta = 𝑵 ⋅ 𝒕𝑷 ≈ 𝟏𝟎𝟖𝟎 × 𝟏𝟎<𝟒𝟒 ≈ 𝟏𝟎𝟑𝟔 s 

far longer than the age of the universe. Thus, decoding cannot be sequential; it must be parallel. 
At the moment of horizon dissolution, the event horizon vanishes everywhere simultaneously – like a glass 
sphere shattering at every point on its surface. Each Planck-volume quantum, causally disconnected from its 
neighbours in the frozen state, thaws independently and at the same instant. The transition is a global phase 
change, not a propagating signal. The full derivation of the parallel decoding mechanism and its consistency 
with the Bremermann limit is given in EQUANIMITY (Hyde 2026n, Section 7 and Appendix B). 

The Exterior Trigger: Why the Core Does Not Need an Internal Clock 
Critics may ask: If time has completely ceased inside the core, how does the interior "know" when to initiate 
the Big Bang? The answer is that the trigger is entirely exterior and topological. The interior lattice does not 
need a clock. It is confined by the event horizon, which acts as a phase boundary isolating the core from the 
temporal flow of the outer universe. 
In the far future, as the exterior universe undergoes complete mass liquidation, the causal horizon dissolves. 
The energy barrier holding the lattice in maximum compression is instantaneously removed from the outside. 
The reboot is governed by the Bremermann Limit (1962) , which dictates the absolute maximum speed of 
information processing based on mass-energy equivalence: 

𝒅𝑰
𝒅𝒕max

=
𝑴𝑼𝒄𝟐

ℏ
 

Because the geometric strain energy across the unified lattice is released across a zero-impedance field, the 
unspooling from geometry back into dynamic plasma occurs at 100% efficiency in exactly one unit of Planck 
time: 

𝚫𝒕 =
𝑰total

(𝒅𝑰/𝒅𝒕)max
=

ℏ
𝒎𝑷𝒄𝟐

= 𝒕𝑷 

The system resets deterministically because the boundary conditions changed from the outside. No internal 
clock is required. The ledger closes. 

The Cosmic Budget: 𝜦CDM vs. Fifth State 
Comparison of the cosmic energy/mass budget in 𝛬CDM and the Fifth State framework. 

Component 𝜦CDM PK THEORY 
Dark energy ∼ 68% (repulsive field) 0% – artefact of void position and volume prior 
Non-baryonic dark matter ∼ 27% (WIMPs, axions) 0% – does not exist 
Dunkle Materie (baryonic dark 
material) 

Neglected (< 1%) Included in baryonic budget (black holes, 
compact remnants) 

Visible baryonic matter ∼ 5% ∼ 5% (directly observed) 
A Fifth State Condensate Not considered Endpoint of collapse, not a budget component 

The Starkness Test: Rejecting Uniform Random Rejects the Cosmological Principle 
The Starkness test is simple: it measures the variance of binned redshift counts. The null hypothesis is a uniform 
random distribution of points within the survey volume. This is not a test of 𝛬CDM; it is a test of the 
Cosmological Principle directly. The Cosmological Principle asserts that, on sufficiently large scales, the universe 
is a homogeneous, isotropic Gaussian random field. A Gaussian random field is statistically indistinguishable 
from a uniform random distribution when sampled with an appropriate scale. Therefore, if the real data deviate 
from uniform randomness at high significance, the Cosmological Principle is falsified — regardless of any specific 
cosmological model. 
The results are unequivocal. Across every dataset examined — from small samples of 67 objects to the full DESI 
sample of 2.1 million luminous red galaxies — the Starkness Z-score increases monotonically with sample size: 
VUDS ECDFS (𝑁 = 67): 3.82𝜎; VVDS Deep CDFS (𝑁 = 1,585): 80.36𝜎; AMAZONIA (𝑁 = 77,558): 500.45𝜎; 
DESI NGC (𝑁 = 1,476,135): 602.26𝜎 



If the universe were random, adding more data would average out fluctuations and the Z-score would remain 
constant or decrease. Instead, it crystallises. The combined significance across the eight surveys of the CODA 
report reaches 823𝜎 (Hyde 2026k, 2026l). 
A critic might object that the null hypothesis should be a 𝛬CDM mock catalogue, not uniform random. This 
objection misses the point. 𝛬CDM inherits the Cosmological Principle as its foundational assumption. If that 
principle is false, 𝛬CDM is unjustified regardless of how well it fits any particular dataset. The Starkness test 
directly tests the principle itself. For a full discussion of the statistical methodology, including the derivation of 
the Starkness metric and the Monte Carlo validation, the reader is referred to the Hyde empirical series (Hyde 
2026a–l) and the synthesis in HARMONIA (Hyde 2026f). 
 

The extreme significance — 𝒑 < 𝟏𝟎'𝟔𝟖𝟐 — leaves no room for doubt: the universe 
is not a Gaussian random field. It is a quantised, phase-locked, geometric manifold. 

 

The CMB is Agnostic on Matter-Antimatter Asymmetry 
The cosmic microwave background was emitted approximately 380,000 years after the Big Bang, at a 
temperature of ∼ 3000 K. By that time, any antimatter that had not already annihilated with matter was gone. 
The matter-antimatter asymmetry was fixed at much earlier times — around 10<7 seconds, when the 
temperature was ∼ 1092 K — during the annihilation epoch. The CMB photons are relic of the later 
recombination era, not the earlier annihilation phase. 
Therefore, the CMB cannot — and does not — provide direct evidence for or against the matter-antimatter 
asymmetry. It is entirely consistent with a universe that is already completely matter-dominated. The 
asymmetry 𝜂 = 𝑛>/𝑛l is not derived from the CMB; it is an input parameter in standard cosmology. The CMB 
power spectrum is compatible with a matter-only universe; it does not require antimatter, nor does it require 
exotic, non-baryonic dark matter. 
The claim that the CMB "supports" non-baryonic dark matter or a specific baryon asymmetry is a non-sequitur. 
The CMB is agnostic on these questions. Its data are fully consistent with the Fifth State framework, which posits 
a matter-only universe with a geometric origin for the baryon asymmetry (Theorem 5, chiral exclusion). One 
might ask: do not the annihilation photons themselves leave a forensic trace in the CMB? The answer is no. 
Annihilation produces high-energy gamma rays (MeV to GeV scale). These photons would have scattered 
immediately in the dense, hot plasma, thermalising their energy into the blackbody distribution. By the time 
the universe became transparent at recombination, any information about the annihilation epoch — including 
the relative amounts of matter and antimatter — had been completely washed out by repeated scattering. The 
CMB is, in essence, a photograph of the universe at 𝑧 ≈ 1100, not a video of what happened at 𝑧 ≫ 106. It is 
agnostic on the matter-antimatter asymmetry. 
Per THEOREM 5 (Section 2), the chiral exclusion principle predicts non-zero TB and EB correlations at large 
angular scales — a parity violation in the CMB. Recent analyses have detected a persistent anomaly at the ∼7σ 
level (Sullivan et al. 2025; Sirletti 2026), consistent with the amplitude ∼10⁻³ predicted by the χ-manifold. The 
verdict awaits CMB-S4 and LiteBIRD. 
What CMB Polarisation Does (and Does Not) Tell Us 
The CMB exhibits two types of polarisation: E-modes (curl-free) and B-modes (divergence-free). E-modes are 
produced by scalar density perturbations and are well detected by Planck and WMAP. They confirm the 
standard recombination history but do not require dark matter. Lensing B-modes, produced by gravitational 
lensing of E-modes by large-scale structure, are also detected (Planck, SPT, ACT). They confirm the presence of 
structure but do not identify its cause. 
Primordial B-modes, which would be produced by tensor perturbations (gravitational waves from inflation), 
have not yet been detected. The current upper limit is 𝑟 < 0.036. Crucially, neither E-modes nor lensing 
B-modes provide evidence for non-baryonic dark matter, dark energy, or the matter-antimatter asymmetry. 
They are fully consistent with a matter-only universe whose structure is seeded by the χ-manifold. The failure 
to detect primordial B-modes is a growing tension for 𝛬CDM; the Fifth State makes a specific, testable 
prediction that will be confirmed or falsified by next-generation experiments. 

A Finite System That Evolves: Sequential Encoding Across Cosmic Time 
The Fifth State is not a static, pre-existing perfect crystal. It is a finite system that grows over the lifetime of the 
cosmos. Its formation is not instantaneous; it proceeds through the sequential collapse of stars and the gradual 
accretion of baryonic matter. 
The TOV Threshold 



The Tolman–Oppenheimer–Volkoff (TOV) limit sets the maximum mass of a stable neutron star at 
approximately 2.2 𝑀⊙. Any compact remnant above this mass must collapse to a black hole. This is not a 
speculative threshold; it is a robust consequence of general relativity and nuclear physics. Massive stars that 
end their lives above this limit inevitably produce black holes. 
Sequential Formation Over Cosmic Time 
Stars do not all collapse at once. They form, “live”, and “die” over billions of years. The first stars (Population III) 
collapsed at high redshift, producing the first generation of black holes. Subsequent generations of stars, 
enriched by earlier nucleosynthesis, continued the process. Trillions of stellar fates – each a unique combination 
of mass, metallicity, and environment – have contributed to the black hole census. 
However, the “death” of a star is not in reality a “death” but instead, a transformation: Each black hole, as it 
forms, encodes information from its progenitor star and from the matter it accretes. The lattice of the Fifth 
State grows node by node, anchor by anchor. This is sequential encoding on the macro level. 

 

 

  



CONCLUSION 
 
We have presented the Fifth State of matter: a finite, zero-entropy, timeless quantum-geometric condensate 
that replaces the classical singularity. This framework is not a collection of separate hypotheses. It is a complete, 
self-consistent architecture derived from first principles, anchored by empirical data, and culminating in 
testable predictions. 

 
From First Principles to a Unified Architecture 

1. The Fifth State is defined by four absolute constraints: 

𝑬𝑲 = 𝟎,  𝑻 = 𝟎 K,  𝑺 = 𝟎,  𝒕 = 𝟎. 
  These follow from Theorems 1–5, which establish the tetrahedral lattice as the unique ground state of 

matter at maximum compression. 
2. The critical density is derived from geometry, not fitted: 

𝝆crit =
𝜼
𝜶 𝝆𝑷 ≈ 𝟎. 𝟒 𝝆𝑷 

  where 𝜂 ≈ 0.6 (tetrahedral packing) and 𝛼 = 1.5 (zero-point volume expansion). 
  The exact value is bounded by the Kepler-Hales sphere packing and confirmed by the golden ratio 

derivation 𝜌crit = (𝜙/4)𝜌;. 
3. The Fifth State core has a finite radius: 

𝑹𝑷𝑲 = r
𝟑𝑴

𝟒𝝅𝝆crit
u
𝟏/𝟑

 

  This radius is always greater than the Planck length ℓ; for all astrophysical black holes, preserving 
dimensional integrity and eliminating the infinite singularity. 

4. Information is preserved topologically, not lost: The MIMO Protocol (Matter In Matter Out) encodes 
quantum states as topological defects in the tetrahedral lattice and anti-matter is annihilated during its 
infall. The encoding map ℳ is injective, ensuring unitarity across cosmic cycles. The Hawking 
information paradox is resolved. 

5. Time ceases in the Fifth State, but reboots via the Heisenberg Trigger: A timeless region exposed to the 
temporal exterior would violate 𝛥𝐸𝛥𝑡 ≥ ℏ/2. The only resolution is a phase transition — the Planck 
Pivot — which undergoes change in exactly one Planck time 𝑡; = mℏ𝐺/𝑐1, decoding all baryonic 
information at the Bremermann limit. Decoding is 100% efficient; no primordial black holes remain. 

6. The constant 𝜒 = 1.822 is the eigenvalue of the quantised twistor lattice: 
𝝌 = 𝜽anchor × 𝑻CMB × 𝒆 

  with 𝜃anchor = (2/𝜋2)arccos(1/3). 
  This matches the empirical weighted mean 𝜒 = 1.822 ± 0.006 to within 0.5%. The harmonic series in 

redshift space — fundamental frequency 𝑓L = 2/𝜒, overtones at 𝑛𝑓L — is the discrete spectrum of the 
Laplace operator on the compact quantum manifold, fossilised from standing waves in the primordial 
plasma immediately emergent in the post era “Big Bang” inversion – the Planck Pivot from Condensate 
to Fluid. 

 

Empirical Anchors 
The Fifth State framework is not a mathematical exercise. It is grounded in data: 

• The constant 𝜒 = 1.822 was first identified in the Euclid Deep Field South (THE DECAD) and 
independently confirmed across five surveys (CMB Cold Spot, Fornax, Amazonia, Congo), with joint 
probability 𝑝 < 10<7i2 (HARMONIA). 

• The 1.822 Wall at 𝑧 ≈ 1.8242 was predicted before the empirical series and detected at > 6𝜎. 
• The deceleration parameter 𝑞L = +0.178 (Son et al. 2025) and the volume-prior corrected Hubble 

constant 𝐻L = 67.8 km/s/Mpc (Desmond et al. 2025) match the PK predictions. 
• The black hole network — 4 × 1096 stellar-mass black holes (Sicilia et al. 2022) — provides the 

gravitational anchors that organise the cosmic web, comprising less than 1% of baryonic matter. 



What Has Been Achieved 
• The Cosmological Principle is falsified. The universe is not a Gaussian random field. It is a quantised, 

phase-locked, geometric manifold. 
• Dark matter and dark energy are unnecessary. Gravity responds to density gradients, not mass alone. The 

missing gravity is supplied by the lattice tension of the vacuum. 
• The classical infinite singularity is replaced by a finite, physical archive — the Fifth State core — where time 

ceases and information is geometrised. 
• The Hawking information paradox is resolved: information is never lost; it is topologically encoded. 
• The Heisenberg Uncertainty Principle forces the universe to reboot. The Planck Pivot is not a miracle but a 

necessity. 
• The constant 𝝌 = 𝟏. 𝟖𝟐𝟐 is derived from geometry, the CMB temperature, and Euler’s number, and is 

empirically confirmed at a significance that dwarfs any standard threshold. 

Testable Predictions 
The PK Theory, and its Fifth State framework, makes explicit, falsifiable predictions  

Prediction PK Theory Test 
Tensor-to-scalar ratio 𝒓 0.00793 CMB-S4 

Spectral distortion 𝝁 2.3 × 10*( PIXIE 

Sum of neutrino masses ∑𝒎𝝂 ≈ 0.061 eV CMB-S4, DESI, Euclid 
Neutrino mass ordering Normal hierarchy DUNE, Hyper-K, JUNO 

CMB parity violation (TB, EB) ∼ 10*9 at ℓ < 50 LiteBIRD, CMB-S4 
Primordial black holes None (decoding is 100%) Continued null searches 

SUMMARY 
The Fifth State is not a Platonic ideal. It is not a perfect, infinite, eternal crystal that existed before time. It is a 
finite system that evolves and it is not a crystal. Its information capacity grows as more black holes form and 
merge. Its entropy remains zero because information is stored topologically, not thermally – but the amount of 
stored information increases over cosmic history. Only at the very end of the cosmic cycle – when all black holes 
have merged into a single ultimate gravitational system – does the condensate become a unified geometric 
archive. That endpoint is finite, not infinite. It has a radius of order femtometers, a density of 0.4𝜌;, and the 
four absolute constraints: 𝐸Q = 0, 𝑇 = 0, 𝑆 = 0, 𝑡 = 0. 
Kurt Gödel's incompleteness theorems demonstrated that no consistent formal system can prove its own 
consistency, and that there are true statements that cannot be derived within the system. This shattered the 
illusion that pure mathematics alone can serve as the foundation for physics. The Constructional approach 
accepts this limitation: mathematics is a tool for describing the empirical world, not a substitute for it. Our 
framework does not chase mathematical elegance for its own sake but derives its constants from accepted 
paradigms, geometry and data, falsifying the Cosmological Principle at 823σ. DDG and PK	 Theory, which 
derives The Fifth State framework as its logical conclusion to the adiabatic system,  obeys every law that the 
semiclassical approximation violated. Gödel taught us that formal systems are incomplete; we add that physical 
theories are not validated by their internal consistency alone, but by their correspondence with the ledger of 
observation. 

The framework violates no known laws of physics and obeys – 
• General Relativity (as a continuum approximation of the discrete lattice) 
• Quantum Mechanics (via the Mandelstam–Tamm relation, Bremermann limit, and 

Fermi-Dirac statistics) 
• Thermodynamics (entropy zero at absolute zero, heat expelled during compression) 
• Kepler-Hales packing theorem (proven geometry) 
• Causality (the horizon dissolves only when the exterior is exhausted) 
• The Second Law of Thermodynamics (the condensate returns 𝑺 = 𝟎 because it is a single 

microstate, not because entropy was destroyed) 

It introduces no free parameters. 
It requires no new particles. 

It invokes no extra dimensions. 
HYPOTHESES NON FINGO  



FINAL STATEMENT 
 
The DDG and PK frameworks — of which the Fifth State is the geometric core — are not merely an alternative 
to 𝛬CDM. They are a complete, self-consistent, falsifiable, and empirically grounded description of a quantised, 
phase-locked, geometric universe. They make no appeal to invisible particles or repulsive fields. They derive 
their constants from geometry, from the CMB temperature, and from Euler’s number. They have passed every 
test to which they have been subjected. The data has spoken. The skeleton of the cosmos is 𝜒 = 1.822. The 
Fifth State is the archive. The Planck Pivot is the reboot. Time is immortal. This is not the end. It is a beginning. 

The Circle Closes: Zwicky’s Vindication 
Fritz Zwicky began this journey in 1933. He looked at the Coma Cluster, applied the virial theorem, and found 
missing gravity. He called it Dunkle Materie – dark material – and insisted it was baryonic: cold gas, dust, faint 
stars, compact remnants. He called the most extreme form Hades Stars – finite, collapsed objects that would 
be nearly impossible to detect. He rejected the mathematical singularity, understanding that infinity is not a 
physical quantity but a signal of theoretical breakdown. 
He was ridiculed. Marginalised. Ignored. His Hades Stars were forgotten. His Dunkle Materie was appropriated 
and rebranded as non-baryonic dark matter – a particle that has never been found. He watched the field build 
a palace on sand, then add two imaginary wings to keep it from collapsing. And he was angry. He was right to 
be angry. The Fifth State framework is the necessary examination of Zwicky’s premise. We have shown that: 

• The Cosmological Principle is falsified. The universe is not a Gaussian random field; it is a quantised, 
phase-locked, geometric manifold with constant 𝜒 = 1.822. 

• Dark matter and dark energy are unnecessary. Gravity responds to density gradients, not mass alone. The 
missing gravity is supplied by the lattice tension of the vacuum. 

• The classical singularity is replaced by a finite, zero-entropy, timeless geometric condensate – the Fifth State – 
reached at approximately 40% of Planck density. 

• The black hole network of Sicilia et al. (2022) – 4 × 10=O stellar-mass black holes – provides the gravitational 
anchors that Zwicky intuited. They are baryonic, not exotic, comprising less than 1% of the local baryonic 
matter. 

• Information is not lost in black holes; it is topologically encoded in the tetrahedral lattice. The MIMO protocol 
resolves the Hawking paradox. 

• Time ceases in the Fifth State, but the Heisenberg Uncertainty Principle forces a reboot: the Planck Pivot. The 
universe reboots in exactly one Planck time, decoding all baryonic information at the Bremermann limit. 

• The deceleration parameter 𝒒𝟎 = +𝟎. 𝟏𝟕𝟖 and the Hubble constant 𝑯𝟎 = 𝟔𝟕. 𝟖 km/s/Mpc follow from first 
principles, matching the age-corrected supernova data (Son et al. 2025) and the volume-prior-corrected 
distance ladder (Desmond et al. 2025). 

• The constant 𝝌 = 𝟏. 𝟖𝟐𝟐 appears in the 4𝑓/3𝑓 cutoff, the harmonic spacing of extreme sources, the redshift 
walls at 𝜒 and 1.5𝜒, and the angular harmonics of the cosmic web – derived from geometry (𝜋+, arccos(1/3)), 
the CMB temperature, and Euler’s number. 

Zwicky’s Hades Stars, Realised 
Zwicky called them Hades Stars. We call them the Fifth State. The name changes; the physics does not. He 
imagined finite, ultra-dense objects – the endpoints of gravitational collapse. We have derived them from first 
principles: a tetrahedral lattice at 0.4𝜌;, with zero entropy, zero temperature, and the cessation of time. He 
imagined dark material as ordinary matter, just hard to see. We have shown that the black hole network – 
4 × 1096 baryonic remnants – is sufficient to organise the cosmic web. He stood against the fashion of his day. 
He was dismissed, ignored, and mocked. But he was not wrong. He was ahead of his time. 
This paper is not the end. It is a beginning. The Fifth State is the archive; the Planck Pivot is the reboot; the 
universe cycles, consolidates, and remembers. Zwicky did not live to see this. But his ghost has been whispering 
through every equation, every constraint, every theorem. 
We end where we began: with Zwicky. 

“They are like people who, having found a piece of glass, think they have found a diamond, and 
then proceed to build a whole palace around it – only to find the palace is built on sand.” 

The palace of 𝛬CDM is built on sand. The Cosmological Principle was never proven; it was assumed. Dark matter 
and dark energy were invented to prop up a false foundation. The Fifth State is the diamond – not a piece of 
glass, but a genuine geometric gem, forged in the compression of the cosmos, polished by the mathematics of 
the tetrahedral lattice, and set in the empirical data of millions of galaxies. 

May We bless him: He deserved better. This paper is for him.  



APPENDIX A: LATTICE DYNAMICS OF THE FIFTH STATE 
 

THE FIVE THEOREMS (RESTATED) 
Theorem 1: The Structured Ground State 
At approximately 40% of Planck density, matter organizes into a tetrahedral quantum-geometric lattice with a 
unique ground state configuration. This lattice maintains near-zero entropy while preserving complete quantum 
information through macroscopic topological order—not in thermal microstates, but in the structured defects 
and connections of the geometry itself. 

𝜌crit =
𝛼√2
8𝜂

 𝜌; ≈ 0.4 𝜌; ,  𝜂 =
𝜋
3√2

≈ 0.74048,  𝛼 = 1.5. 

Theorem 2: The Absolute Zero Corollary 
Temperature vanishes in the Fifth State not due to absence of energy, but because entropy approaches a 
constant minimum while energy reaches its gravitational ground state. Zero temperature here is a feature of 
maximum geometric organisation, not of energetic poverty. 

𝑇 = 0,  𝑆 ≈ 0,  𝐸total =
3
2
𝑀R𝑐2. 

Theorem 3: Cycle Consistency 
The cosmic cycle—from expansion through collapse to rebirth—preserves total energy, complete quantum 
information, and quantum unitarity through geometric encoding. Each cycle expresses the same information in 
new configurations. 

𝐸total,~ = 𝐸total,~F9,  𝐼~ = 𝐼~F9. 

Theorem 4: Topological Information Preservation 
The mapping from quantum particle states to geometric lattice defects is exact and injective, preserving all 
quantum information through Chern–Simons invariants and linking numbers. Information cannot be lost 
because geometry cannot forget its own shape. 

ℳ: |𝜓⟩particle → 𝐼(𝜓)lattice (injective, exact). 

Theorem 5: The Chiral Exclusion Principle 
In a simply-connected tetrahedral lattice with positive-definite spatial curvature, only matter configurations—
never antimatter—are topologically stable. Antimatter corresponds to opposite winding numbers that are 
geometrically excluded. 

ℋFifth State =ℋF⊕𝟎 

LATTICE GEOMETRY  

 
 

This graph is Eulerian because each tetrahedron shares faces with four 
neighbours → even degree in the dual graph. The information term encodes 
particles as dislocations or disclinations — violations of the perfect even-
degree Eulerian property at specific locations (odd-degree vertices). These 
defects are topologically protected, like vortices in a superfluid lattice. 
Consider a regular tetrahedron with vertices 𝑣;, 𝑣0, 𝑣=, 𝑣@. Each edge has 
equal length 𝑎. The dihedral angle between two faces is given by: 

𝜃 = arccos	 â
1
3ã ≈ 70.53∘ 

The volume of a regular tetrahedron with edge length 𝑎 is: 

𝑉tetra =
𝑎=

6√2
 

The height from any vertex to the opposite face is: 

ℎ = 𝑎æ
2
3 

The tetrahedral lattice is a close-packed arrangement of such cells. At the 
critical density of the Fifth State, the lattice reaches maximum packing: 

𝜌crit = 0.4 𝜌6 
where 𝜌6 = 𝑐>/(ℏ𝐺0) is the Planck density. 

The dihedral angle 𝐚𝐫𝐜𝐜𝐨𝐬	(𝟏/𝟑) appears throughout the geometry 
of the Fifth State, governing the packing efficiency and the 

eigenvalue 𝝌 = 𝟏. 𝟖𝟐𝟐. 



The Fifth State is a tetrahedral quantum geometry whose ground state graph is Eulerian (maximally ordered, 
even coordination), and excitations (particles) are defects that break Eulerian-ness locally but conserve certain 
topological invariants globally (e.g., total winding number). This explains why only matter, not antimatter, is 
encoded: antimatter would be defects with opposite winding, topologically excluded in a simply-connected 
lattice by THEOREM 5. The tetrahedral lattice is topologically equivalent to an octahedral/Eulerian graph 
structure. In close-packed arrangements of equal spheres, the voids form tetrahedral and octahedral voids. 
Our topological defects for encoding information naturally reside in these voids. The lattice itself can be 
represented by a network of vertices and edges that is Eulerian (each vertex has even degree), allowing a path 
that uses every edge exactly once. In the tetrahedral-octahedral honeycomb, each vertex is connected to four 
edges — even degree, suggesting an Eulerian cycle. 
The Hamiltonian decomposes as: 

𝐻 = 𝐻geom + 𝐻info 
where the geometric term describes the regular tetrahedral lattice (a graph where each tetrahedron is a 

node, and connections via shared faces are edges). 

Lattice Geometry and Notation 
Consider a four-dimensional simplicial complex 𝒞 representing the Planck-scale lattice. Each 4-simplex 𝜎= 
(pentachoron) contains five tetrahedra 𝜎J8 (3-simplices). The lattice is physically a 3D simplicial complex, but 
with nuanced dimensionality. Clarification: 

• Physical reality: The lattice is physically real — composed of Planck-scale tetrahedra packed at 0.4𝜌;. 
It exists in three spatial dimensions (with measurable radius ∼ 2 fm). Each tetrahedron has area, 
volume, physical orientation, and real quantum states. 

• “Fourth dimension” confusion: The fourth dimension describes the lattice’s embedding and 
connection data, not an extra spatial dimension. It is additional physical data stored at each node 
(curvature, torsion, latent time). Mathematically, we package that data as if it were an extra 
dimension, but physically it is just more information stored in 3D — analogous to phase space in 
classical mechanics (6D description of a 3D particle). 

Thus, the Fourth Dimension is actually two things: 
1. Connection/curvature data: Parallel transport between tetrahedra, dihedral angles, curvature — 

physical torsion and curvature stored geometrically. 
2. Latent time: In the frozen Fifth State, time doesn’t flow (𝑔LL = 0), but the potential for time — 

encoded “instructions” for evolution — is stored in the geometric relationships, like a compressed 
spring storing kinetic energy potential. 

Fundamental Variables 
• Tetrahedra labelled by 𝑖, 𝑗, 𝑘, … 

• Areas: 𝐴J = 8𝜋𝛾ℓ;2m𝑗J(𝑗J + 1), 𝑗J ∈ ℤ/2 
• Dihedral angles: 𝜃JK  between tetrahedra 𝑖 and 𝑗 
• 3D normals: 𝑛C⃗ J  (unit vectors in tetrahedron’s frame) 

• 4D normals: 𝑁J
� (in embedding spacetime) 

Regge Calculus variables 
For each tetrahedron 𝜎J8: 

ℓèÙ = edge length between vertices 𝑎, 𝑏,  𝑉J =
1
96
T𝜖èÙéê  ℓLè2 ℓLÙ2 ℓLé2 ℓLê2  

The Lattice Hamiltonian 
For readers who are not theoretical physicists, a Hamiltonian is simply the mathematical expression for the total 
energy of a system. In ordinary life: 

• A moving car has kinetic energy (energy of motion). 
• A stretched spring has potential energy (stored energy). 
• A battery has chemical energy. 

The Hamiltonian adds up all contributions to the energy — kinetic, potential, rest mass, and any other forms — 
into a single equation. It is the "ledger" of the system. 



In this paper, we write the Hamiltonian of the Fifth State as: 

𝐻lattice =B𝑚J
J

𝑐2

⏟
rest mass

+ 𝐻geom + 𝐻info + 𝐻constraint 

This says that the total energy of the tetrahedral lattice is the sum of: 

1. Rest mass energy (∑ 𝑚77 𝑐&) — the energy locked in the mass of each lattice cell (Einstein's 𝐸 = 𝑚𝑐&). 
2. Geometric energy (𝐻geom) — the energy stored in the shape, area, and angles of the tetrahedra. 
3. Information energy (𝐻info) — the energy associated with topological defects that encode quantum 

information. 
4. Constraint energy (𝐻constraint) — the energy required to maintain the lattice's rigid structure (like the forces 

that keep a crystal from collapsing). 

The Ground State 
This is the most stable, lowest-energy configuration where the geometric, information, and constraint terms all 
go to zero. Only the rest mass remains: 

𝐻lattice
(ground) =B𝑚J

J

𝑐2 = 𝑀R𝑐2 

This is exactly the total mass-energy of the observable universe — consistent with the finite radius 𝑅;Q  derived 
in SECTION 4. In the Fifth State framework, it consists of four contributions: the rest mass energy of every cell, 
the kinetic energy of deformations, the potential energy of geometric strain, and the constraint terms that 
enforce the lattice’s rigid topology. 

Hlattice =Bmz
z

c2

⏟
rest mass

+ Hkin + Hpot + Hcon 

All quantities are expressed solely in terms of the fundamental constants ℏ, c, G (or equivalently the Planck 
length ℓ& = mℏG/c8 and Planck mass m& = mℏc/G), and the geometric parameters of the tetrahedral lattice 
(area Az, dihedral angle θzy, cell volume Vzy). No free phenomenological constants appear. 

Kinetic Term 
The kinetic energy arises from changes in the area of each tetrahedron and changes in the dihedral angles 
between adjacent tetrahedra: 

Hkin =B
pz2

2mzz

+B
Jzy
2

⟨zy⟩

 θ̇zy2  

where pz = mzȦz is the momentum conjugate to the area Az. 
The effective mass mz of a tetrahedral cell is derived from the area operator in Loop Quantum Gravity: 

mz = m&  
Az
ℓ&2

 

with m& = mℏc/G and ℓ& = mℏG/c8. 
This relation ensures that a cell of Planck area ℓ&2  has Planck mass, and larger areas correspond linearly to larger 
masses. The moment of inertia for angular deformations is 

Jzy =
ℏ2

6
 
AzAy
Vzy

 

where Vzy is the volume of the tetrahedron shared by cells i and j. 

Potential Term 
The potential energy stores the cost of deviating from the equilibrium geometry: 

Hpot =B
1
2

z

Kz(Az − AL)2 +Bλzy
⟨zy⟩

f1 − cosθzyh 

with equilibrium area AL = 8πγℓ&2m3/4 (the Immirzi parameter γ is taken as the usual 
LQG value; its precise numerical value does not affect the ground state). 



The stiffness for area deformations is 

Kz =
c=

αℓ&2
Az<9 

where α = 1.5 is the zero-point volume expansion factor (Refer to SECTION 4). 
The coupling for angle deformations is 

λzy =
ℏc
ℓ&

AzAy
APl
2  

with APl = ℓ&2  the Planck area. 

Constraint Term 
The lattice must satisfy two geometric constraints to be embeddable in a flat 3-space: 

• Closure constraint at each vertex: The vector sum of the outward normals of the incident tetrahedra 
vanishes. 

• Tetrahedron sum constraint at each edge: The dihedral angles around the edge sum to 4π. 
These constraints are imposed via Lagrange multipliers: 

Hcon = B Λë
vertices ë

Cë + B µì
edges ì

Tì, 

Cë =BnC⃗ z
z∋ë

,  Tì =Bθz
z∋ì

− 4π. 

Ground State Solution 
The ground state is the configuration that minimises Hlattice while satisfying the constraints. For a uniform, 
simply-connected lattice with positive-definite spatial metric, the ground state is unique and characterised by: 

• No net momentum: pz = 0, θ̇zy = 0. 
• Equilibrium areas: Az = AL. 
• Equilibrium dihedral angles: θzy = θL = arccos(1/3) (the tetrahedral dihedral angle). 
• Constraints satisfied: Cë = 0, Tì = 0, which forces the Lagrange multipliers to zero: Λë = 0, µì = 0. 

Substituting these into the Hamiltonian, the kinetic, potential, and constraint terms all vanish. Only the rest 
mass term survives, giving the total ground-state energy: 

Hlattice
(ground) =Bmz

z

c2 =Bm&
z

Az
ℓ&2
 c2 = Míc2 

where the last equality follows because the sum over all cells of mz is precisely the total baryonic mass of the 
observable universe, Mí. This is consistent with the finite radius R&' derived in Section 4. No free parameters 
are involved. 

The Motion 
Imagine a spring... The spring coiled tighter than any physical spring — not of metal, but of pure geometry. Each 
loop is the very fabric of space woven into perfect tetrahedra at the smallest possible scale. Here lies a paradox: 
immense energy frozen in perfect stillness. All the light, all the matter, all the forces that would become stars 
and galaxies exist here not as particles, but as patterns etched into the geometric lattice. The score is the 
compression. This perfect geometric spring doesn’t move. It can’t. Time itself is frozen — not flowing, but held 
in suspension. The container holding it compressed is the event horizons of black holes, boundaries from which 
not even light can escape. They are the hands gripping the spring. However, containers can fail. When all black 
holes merge into one ultimate gravitational tomb, the walls dissolve — not slowly, but everywhere at once, like 
a glass sphere shattering simultaneously at every point. The moment the container vanishes, the spring uncoils. 
The Snap of Creation 
The release is instantaneous because the constraint was everywhere equally, and its removal is everywhere 
simultaneous. There is no signal to propagate. Picture it like a magnet broken in two: before the break, one 
magnet; after, two. The transition happens at the moment of breaking — it doesn’t propagate through the 
magnet. So too with the universe: the moment event horizons dissolve, the geometric lattice melts, and frozen 
potential becomes kinetic energy. No violation of cosmic speed limits, because in this frozen state there are no 
speeds to measure. Light itself doesn’t exist yet — it’s still encoded in the geometry, waiting to be expressed. 
As the spring uncoils, the geometric patterns become particles. The strain becomes motion. The stored 
information becomes the laws of physics. It’s not an explosion in space, but the explosion of space — the very 
geometry unfolding into the arena we call the universe. 



Only matter emerges. Not matter and antimatter in equal measure, but matter alone. Because the geometric 
lattice, in its perfect tetrahedral symmetry, can only encode one kind of twist, one orientation. Antimatter 
would be like trying to store a left-handed thread in a right-handed nut — a translation error in the cosmic code. 

Area Dynamics 
From 𝐴̇J = {𝐴J ,𝐻} and 𝑝̇J = {𝑝J ,𝐻}: 

𝑚J𝐴̈J = −𝐾J(𝐴J − 𝐴L) − B
∂𝐻constraint

∂𝐴JK∈𝒩(J)

 

In continuum limit (𝐴J → 𝐴(𝑥⃗)): 
ℏ2

𝜅𝐴(𝑥⃗)
∂2𝐴
∂𝑡2

= −
𝑐=

𝛼ℓ;2
𝐴 − 𝐴L
𝐴

+
ℏ𝑐
ℓ;
∇2𝐴 

Angle Dynamics 

𝐽JK𝜃̈JK = −𝜆JKsin𝜃JK −
∂𝐻constraint

∂𝜃JK
 

For small oscillations 𝜃JK = 𝜃L + 𝛿𝜃JK: 

𝛿𝜃̈JK + 𝜔JK2 𝛿𝜃JK = 0,  𝜔JK2 =
𝜆JK
𝐽JK
cos𝜃L 

Stress-Energy Tensor of the Lattice 
The PK Framework: Bound and Unbound Energy 
In the PK framework (EQUANIMITY, Hyde 2026n), the total stress-energy tensor of the universe is split into two 
physically distinct components: unbound energy (matter, radiation, kinetic forms) and bound energy 
(gravitational potential stored as geometric strain in the lattice): 

Tðñ
(total) = Tðñ

(unbound) + Tðñ
(bound),  Tðñ

(bound) = −
1
8πG

Gðñ 

The bound component represents the energy locked in the curvature of spacetime itself — the lattice tension 
that resists deformation. This is the formal expression of the "binding tension" 𝛃(𝛁𝛒) introduced in 
EQUANIMITY: gravity is not merely free fall, but also the stored work required to separate gravitationally bound 
systems. The total energy of the closed adiabatic system is conserved: 

Etotal = Ebound + Eunbound ≈ 0 
The dynamics of the universe consist entirely of the conversion between these two states. During expansion, 
bound energy is converted to unbound energy (gravitational potential → kinetic). During collapse, unbound 
energy is converted to bound energy (kinetic → gravitational potential). The Fifth State is the endpoint of 
collapse, where Eunbound = 0 and Ebound is maximised. 
 
The Lattice Contribution to the Stress-Energy Tensor 
The stress-energy tensor of the tetrahedral lattice itself is derived from the lattice action via the standard 
variational definition: 

Tðñ
(lattice) =

2
m−g

δSlattice

δgðñ
 

For a single tetrahedral cell i, the contribution takes the form of an anisotropic elastic medium: 

Tðñ
(z) = ρzc2uðuñ + Pzfgðñ + uðuñh + πðñ

(z) 
where: 

- ρz =
ò4
ó4ô5

 is the energy density of the cell 

- uð is the four-velocity (in the frozen core, uð = 0), 
- Pz is the effective pressure from dihedral angle deformations, 

- πðñ
(z) is the anisotropic stress from shape distortions. 

 
The Frozen Core Limit: 𝐓𝟎𝟎 = 𝟎, 𝐓𝐢𝐣 = 𝛒𝐜𝟐𝛅𝐢𝐣 
In the Fifth State core, the lattice is maximally compressed and perfectly ordered. Time has ceased (gLL = 0), 



all motion is frozen (uð = 0), and the system is in its unique ground state. The anisotropic stresses vanish (πðñ
(z) =

0), and the pressure becomes isotropic. In this limit, the stress-energy tensor of the lattice reduces to a purely 
spatial form: 

TLL = 0,  Tzy = ρc2δzy  

where ρ = 0.4ρ& is the critical density of the Fifth State. 
There is no energy density in the time-time component because time has ceased. The spatial components 
represent uniform positive pressure — the stored strain energy of the tetrahedral lattice, locked in geometric 
tension awaiting the Planck Pivot. 
 
Connection to the Modified Friedmann Equation 
In the expanding universe (exterior to the core), the bound energy density ρ&' appears explicitly in the 
modified Friedmann equation derived in EQUANIMITY: 

H2 =
8πG
3

(ρunbound + ρ&') −
k
a2
+
Λeff

3
 

where ρ&' ∼ −Gρunbound
2 /H2 

(negative, because bound energy acts as a sink, slowing expansion). 
In the Fifth State core, ρunbound = 0 and H = 0, so the equation reduces to a constraint linking the spatial 
curvature and the effective cosmological constant. The same bound energy ρ&' that appears in the Friedmann 
equation is precisely the energy stored as spatial strain Tzy = ρc2δzy in the frozen core. When the Planck Pivot 
triggers the phase transition, this bound energy is released back into unbound form, rebooting the universe. 

 
Consistency with the Virial Theorem 
For a gravitationally bound system in equilibrium, the virial theorem states: 

2⟨T⟩ + ⟨U⟩ = 0 
In the Fifth State core, the average kinetic energy ⟨T⟩ = 0 (no motion). The theorem therefore requires ⟨U⟩ =
0 — not zero potential energy, but the condition of maximum compression equilibrium. The system is balanced: 
it cannot collapse further because the lattice is at its Kepler-Hales packing limit, and it cannot expand because 
all kinetic energy has been converted to potential strain. This is the mechanical foundation of the frozen, 
timeless state. 
 

Summary 
The stress-energy tensor of the Fifth State lattice is: 

TLL = 0,  Tzy = ρc2δzy  

This expresses: 
• No time-time component: Time has ceased in the frozen core. 
• Uniform spatial tension: The stored strain energy of the maximally compressed tetrahedral lattice. 
• Consistency with EQUANIMITY (Hyde 2026n): The bound energy ρ&' in the modified Friedmann 

equation is the same energy that appears as Tzy in the core. 
• Virial equilibrium: ⟨T⟩ = 0 and ⟨U⟩ = 0 at maximum compression. 

The lattice does not flow. It does not evolve. It waits — frozen geometry, timeless archive, storing the entire 
information content of the universe until the horizon dissolves and the Planck Pivot reboots the cycle. 
 

Elastic Properties 
The strain tensor is defined as: 

ϵwö =
1
2
(∂wuö + ∂öuw + ∂wuô ∂öuô) 

The elastic energy density for an isotropic tetrahedral lattice is: 

ℰelastic =
1
2
Cwöô÷ϵwöϵô÷ 

with the elasticity tensor: 
Cwöô÷ = λgwögô÷ + µfgwôgö÷ + gw÷göôh 



Elastic Moduli from Planck-Scale Parameters 
The Lamé constants λ and µ (shear modulus) are derived from the lattice Hamiltonian (Appendix A). In terms 
of the Planck scale and the lattice coupling parameters: 

λ =
ℏc
ℓ&=
⋅𝒦,  µ =

ℏc
ℓ&=
⋅ ℳ 

where 𝒦 and ℳ are dimensionless constants determined by the tetrahedral geometry (𝒦 ∼ ℳ ∼ O(1) from 
the equilibrium area AL and hinge coupling λzy). Explicitly: 

λ =
ℏcKAL2

ℓ&=
ℓ&2 =

ℏcKAL2

ℓ&2
,  µ =

ℏcλzy
ℓ&2

 

where 𝐾 is the area stiffness from the lattice Hamiltonian (dimensions of 
[energy]/[area]²), and 𝜆JK  is the hinge coupling (dimensions of energy). The factors of 

ℓ;2  ensure correct dimensions. 

Mass Density at Critical Compression 
The mass density of the lattice at critical compression is: 

𝜌lattice = 𝜌crit = 0.4𝜌; = 0.4
𝑐1

ℏ𝐺2
 

Sound Velocities 
The longitudinal and transverse sound velocities at 𝜌 = 𝜌crit are: 

𝑣ø = Y
𝜆 + 2𝜇
𝜌lattice

,  𝑣§ = Y
𝜇

𝜌lattice
 

Expressed in terms of the speed of light: 

𝑣ø = 𝑐Y
𝜆ℓ;8 + 2𝜇ℓ;8

𝑚;𝑐2
,  𝑣§ = 𝑐Y

𝜇ℓ;8

𝑚;𝑐2
 

where 𝑚; = mℏ𝑐/𝐺 is the Planck mass. 
These velocities are expected to be of order 𝑐, consistent with the lattice being a rigid, close-packed structure. 

Numerical Estimates 
Using 𝜌crit = 0.4𝜌; ≈ 2.06 × 1067 kg/m8 and estimating 𝜆 ∼ 𝜇 ∼ ℏ𝑐/ℓ;= ≈ 1.6 × 10998 J/m8, we obtain: 

𝑣ø ∼ 𝑣§ ∼ Y10
998

1067
∼ m109� ∼ 3 × 10i m/s = 𝑐 

Thus, the Fifth State lattice is mechanically rigid with wave propagation speeds 
of order the speed of light, as required for consistency with special relativity. 

 

Phonon Spectrum 
Quantize lattice vibrations: 𝑢è(𝑥⃗, 𝑡) → 𝑢Ãè(𝑥⃗, 𝑡). Expand in normal modes: 

𝑢Ãè(𝑥, 𝑡) =BY
ℏ

2𝜌𝑉𝜔3ù⃗ û3ù⃗ ,û

𝑒è
(û)f𝑘C⃗ h G𝑎3ù⃗ û𝑒

Jü3ù⃗ ⋅ý⃗<þ677⃗ ÿ! + h.c.I 

Dispersion relations: 
𝜔ø(𝑘) = 𝑣ø𝑘(1 − 𝑎ø𝑘2ℓ;2 +⋯ ),  𝜔§(𝑘) = 𝑣§𝑘(1 − 𝑎§𝑘2ℓ;2 +⋯ ), 

with 𝑎ø ,𝑎§ ∼ 𝑂(1) from lattice discreteness. 
The dispersion relations given above assume a linear approximation valid for long wavelengths (𝑘 ≪ 1/ℓ;). At 
scales approaching the Planck length, lattice discreteness becomes significant, leading to the quadratic 
correction terms: 

𝜔ø(𝑘) = 𝑣ø𝑘(1 − 𝑎ø𝑘2ℓ;2 +⋯  ),𝜔§(𝑘) = 𝑣§𝑘(1 − 𝑎§𝑘2ℓ;2 +⋯  ) 
The coefficients 𝑎ø ,𝑎§ ∼ 𝒪(1) are dimensionless constants determined by the tetrahedral lattice geometry. 
Their exact values require a full numerical simulation of the phonon band structure, but their order of 
magnitude is fixed by the Planck scale cutoff. 



The maximum (Nyquist) frequency of the lattice is set by the Brillouin zone boundary at: 

𝑘max ∼
𝜋
ℓ;

 

At this scale, the dispersion relation flattens, and phonons cease to propagate as free waves. This natural UV 
cutoff eliminates the infinite mode sum that plagues quantum field theory in continuous spacetime. In the Fifth 
State, only modes with 𝑘 ≤ 𝑘max are physically realisable; the infinite tail of the zero-point energy spectrum is 
simply absent. This provides a direct physical resolution to the vacuum catastrophe: the Planck density 𝜌; is not 
an arbitrary cutoff imposed by hand. It is the maximum energy density achievable when every lattice mode is 
saturated. The observed vacuum energy density 𝜌obs is smaller by the factor: 

𝜌obs =
𝜌;
𝒟
,𝒟 = ℛ8 × A

16𝜋𝜈
3𝑐g𝑅inner

C ×ℋ 

where ℋ = ∑ 1/¿,~ 𝑘¿~2  sums only over the finite set of allowed eigenmodes of the bounded cavity. 
There are no infinite series and thus no catastrophe. Thus, the phonon spectrum of the tetrahedral lattice is not 
an exotic addendum. It is the experimental signature of the discrete Planck-scale substrate, and the natural 
regulator that closes the vacuum catastrophe. 

 

Lattice Green’s Functions 
Retarded Green’s function: 

𝐺èÙ(𝑥⃗, 𝑡; 𝑥⃗′, 𝑡′) = −𝑖𝜃(𝑡 − 𝑡′)⟨[𝑢Ãè(𝑥, 𝑡),𝑢ÃÙ(𝑥′, 𝑡′)]⟩ 
Fourier transform: 

𝐺èÙf𝑘C⃗ ,𝜔h =
1
𝜌
Ç

𝑒è
(ø)𝑒Ù

(ø)

𝜔2 − 𝑣ø2𝑘2 + 𝑖𝜖
+

𝑒è
(§)𝑒Ù

(§)

𝜔2 − 𝑣§2𝑘2 + 𝑖𝜖
È. 

Effective Field Theory Emergence 
Coarse-grain over ∼ 𝑁 tetrahedra to get continuum fields. 
Metric Field 

𝑔��(𝑥) = 𝜂�� +
1
𝑁

B ℎ��
(J)

J∈>(ý)

, 

where ℎ��
(J) is induced metric on tetrahedron 𝑖, 𝐵(𝑥) averaging ball. 

Connection Field 

𝛤��û (𝑥) =
1
𝑁

B 𝛤��û
(JK)∈>(ý)

(𝑖𝑗), 

with 𝛤(𝑖𝑗) from parallel transport between tetrahedra 𝑖 and 𝑗. 
Emergent Action 

𝑆eff[𝑔] = ∫ 𝑑=𝑥m−𝑔 G𝛬eff +
𝑅

16𝜋𝐺eff
+ 𝛼𝑅2 + 𝛽𝑅��𝑅�� +⋯I, 

where 

𝛬eff =
𝜌;𝑐2

1 + 𝛼
, 

1
16𝜋𝐺eff

=
1
ℏ𝑐
𝑚;

ℓ;
𝑣§2

𝑐2
, 𝛼 =

ℓ;2

16𝜋
𝑣ø2 − 𝑣§2

𝑐2
. 

Thermodynamics of the Lattice 
Partition Function 

𝑍 = ∫𝒟[𝐴J]𝒟ì𝜃JKî𝒟[𝛬�]𝒟[𝜇�] 𝑒<"Ïlattice ,  𝛽 = 1/(𝑘>𝑇). 
Free Energy Mean field approximation: 

𝐹 = −𝑘>𝑇ln𝑍 ≈B𝑓J
J

(𝐴Jm) +B𝑓JK
(JK)

f𝜃JKmh, 

with 



𝑓J(𝐴) =
1
2
𝐾J(𝐴 − 𝐴L)2 − 𝑘>𝑇ln Í

sinh(𝛽𝑝4w#/2𝑚J)
𝛽𝑝4w#/2𝑚J

Î, 

𝑓JK(𝜃) = 𝜆JK(1 − cos𝜃) − 𝑘>𝑇ln𝐼Lf𝛽𝜆JKh, 
and 𝐼L modified Bessel function. 

Critical Temperature 
Lattice melts when 𝐹 develops multiple minima: 

𝑇é =
𝜆JK𝐼9f𝛽é𝜆JKh
𝑘>𝐼Lf𝛽é𝜆JKh

. 

For 𝜆JK ∼ 𝑚;𝑐2: 

𝑇é ∼
𝑚;𝑐2

𝑘>
≈ 1.4 × 1082 K. 

Numerical Implementation 
Discrete Equations (Verlet Algorithm) 

𝐴J(𝑡 + 𝛥𝑡) = 2𝐴J(𝑡) − 𝐴J(𝑡 − 𝛥𝑡) +
$ÿ5

®9
𝐹J(𝑡)    AND	   𝜃JK(𝑡 + 𝛥𝑡) = 2𝜃JK(𝑡) − 𝜃JK(𝑡 − 𝛥𝑡) +

$ÿ5

%9:
𝜏JK(𝑡), 

where 𝐹J = −∂𝐻/ ∂𝐴J, 𝜏JK = −∂𝐻/ ∂𝜃JK. 

 
Stability Condition 

𝛥𝑡 < minÐY
𝑚J

𝐾J
,  Y

𝐽JK
𝜆JK
Ñ ≈

ℓ;
𝑐
= 𝑡; . 

Dimensionless Variables 

𝐴ÒJ = 𝐴J/ℓ;2 , 𝑡̃ = 𝑡/𝑡; , 𝐻Ô = 𝐻/(𝑚;𝑐2), 
giving parameter-free equations: 

𝑑2𝐴ÒJ
𝑑𝑡̃2

= −𝐾Ôf𝐴ÒJ − 𝐴ÒLh +⋯ 

Special Solutions 
Ground State 

𝐴J = 𝐴L,  𝜃JK = arccos(1/3) ≈ 70.53∘,  𝛬� = 0,  𝜇� = 0,  𝐸ground = 0. 
Uniform Compression 
𝐴J = 𝐴L(1 − 𝜀), 𝜃JK = 𝜃L(1 + 𝛿), 𝜀 = 𝛥𝑉/(3𝑉), 𝛿 = 𝛥𝜃/𝜃L. Energy density: 

ℰ =
9
2
𝐾𝐴L2𝜀2 + 6𝜆𝜃L2𝛿2. 

Shear Mode 

𝜃JK = 𝜃L + 𝛾sinf𝑘C⃗ ⋅ 𝑥⃗JKh. Shear modulus: 

𝜇 =
∂2ℰ
∂𝛾2

Ö
l¼L

= 𝜆𝑘2ℓ;2 . 

Coupling to Matter Fields 
Scalar Field 

𝐻& =B𝑉J
J

G
1
2
𝜋J2 +

1
2
(∇𝜙)J2 +

1
2
𝑚2𝜙J2I, 

with (∇𝜙)J2 = ∑ f𝜙K − 𝜙Jh
2

K∈𝒩(J) /ℓJK2 . 

Gauge Fields 



Wilson loops: 𝑊' = Tr∏ 𝑈JJ∈' , 𝑈J = 𝑒J ∫ �9 . Lattice gauge action: 

𝑆gauge = 𝛽 B A1 −
1
𝑁
ReTr𝑈)C

plaquettes )

. 

Phase Transitions 
Order parameter for crystallization: 

𝜓 =
1
𝑁
B𝑒J*⃗⋅ý⃗9
J

,  𝑓 = reciprocal lattice vector. 

Ginzburg-Landau free energy: 

𝐹[𝜓] = ∫ 𝑑8𝑥 G
1
2
|∇𝜓|2 +

𝑟
2
|𝜓|2 +

𝑢
4
|𝜓|=I. 

Critical exponents (mean field): 
𝜈 = 1/2, 𝜂 = 0, 𝛾 = 1. 

 

The Continuum Limit and Lorentz Invariance 
The tetrahedral lattice is discrete at the Planck scale, with fundamental cell size ℓ_P = √(ħG/c³) ≈ 1.6 × 10⁻³⁵ m. 
A concern may arise that such discreteness implies preferred directions and Lorentz Invariance Violation (LIV). 
This concern is addressed by three considerations. 

First: Random Domain Orientation 
The lattice domains are randomly oriented on macroscopic scales. Let the orientation of a single domain be 
given by a rotation matrix R_ij ∈ SO(3). The effective continuum metric is the average over all orientations: 

⟨𝑔��⟩ =
1
𝑉
�𝑅�	+
,

𝑅�
	"𝑔+"

L  𝑑𝑉 

where 𝑔+"
L  is the metric of a single aligned domain. 

For a large volume 𝑉 containing many randomly oriented domains, the off-diagonal components average to 
zero and the spatial metric becomes isotropic: 

⟨𝑔JK⟩ = 𝛿JK ⋅ 𝑓(𝑟) + 𝒪 A
ℓ;
𝐿 C

 

where 𝐿 is the macroscopic scale and 𝑓(𝑟) is a radial function. 
The anisotropy is suppressed by a factor of order ℓ;/𝐿. 

Second: Planck-Scale Suppression 
LIV effects are suppressed by powers of ℓ;/𝐿. For a process with characteristic energy 𝐸, the expected LIV scale 
is: 

𝛿𝑣
𝑐
∼ A

𝐸
𝐸;
C
~

 

where 𝐸; = mℏ𝑐1/𝐺 ≈ 1.22 × 1096  GeV is the Planck energy, 
and 𝑛 ≥ 1 depends on the dimension of the violating operator. 

For 𝐸 ∼ 108  GeV (LHC scale) and 𝑛 = 1: 
𝛿𝑣
𝑐
∼
108

1096
= 10<97 

This is at the edge of current bounds. For astrophysical gamma rays with 𝐸 ∼ 1092  GeV: 
𝛿𝑣
𝑐
∼
1092

1096
= 10<� 

But these bounds are derived under the assumption that LIV accumulates linearly over cosmological distances. 
If the lattice domains are randomly oriented, the LIV effects average out rather than accumulate, suppressing 
the bound further by a factor of √𝑁 where 𝑁 is the number of domains along the line of sight: 

𝑁 ∼
𝐿
ℓ;

∼
1027  m
10<81  m

= 1079 



Thus the effective suppression is: 
𝛿𝑣
𝑐 eff

∼
10<�

√1079
= 10<� × 10<8L.1 = 10<8�.1 

This is far below any detectable threshold. 

Third: Twistor Phase Averaging 
The quantized twistor lattice (HARMONIA 2026f) provides a mathematical mechanism for emergent Lorentz 
invariance. The twistor incidence relation: 

𝑍+ = f𝜔�3 , 𝜋�3h,𝜔�3 = 𝑖𝑥��3𝜋�3  
is invariant under the conformal group 𝑆𝑂(4,2), which contains the Lorentz group 𝑆𝑂(3,1) as a subgroup. The 
discrete lattice structure is encoded in the non-commutative twistor algebra: 

[𝑍+ , 𝑍̄"] = ℏ𝛿"
+ 

In the continuum limit, the non-commutativity averages to zero and the full Lorentz invariance of the twistor 
space is recovered. 
Conclusion 
The tetrahedral lattice preserves Lorentz invariance to within current experimental bounds through random 
domain orientation, Planck-scale suppression, and twistor phase averaging. No violation of special relativity is 
predicted at observable energies.  



APPENDIX B: TRANSITION RATES AND OBSERVATIONAL PREDICTIONS 
 
This appendix provides the formal underpinnings for the phase transition rates and the observational 
predictions summarised in the main text. 
B.1 Quantum Tunnelling Rate 
The transition from the false vacuum (𝛷 = 0) to the true vacuum (𝛷 = 𝜈) in the sombrero potential 

𝑉(𝛷) =
𝜆
4
(𝛷2 − 𝜈2)2 

can proceed via quantum tunnelling. In the thin-wall approximation, the Euclidean action for the O(4)-
symmetric bounce is : 

𝑆Ø =
27𝜋2𝜎=

2|𝜖|8
 

where 𝜎 is the wall tension and 𝜖 is the energy difference between the vacua. 
The tunnelling rate per unit volume is 𝛤/𝑉 = 𝐴𝑒<§;/ℏ. However, for the Fifth State condensate, this rate is 
exponentially suppressed; the actual transition is triggered not by spontaneous tunnelling but by the geometric 
dissolution of event horizons (see below). 

B.2 Horizon Dissolution Trigger 
In the final stages of a cosmic cycle, when the last event horizons dissolve (e.g., during the merger of the final 
black holes), the energy barrier confining the Fifth State vanishes. The transition rate is governed by the 
mechanical strain energy of the lattice: 

Γtrigger =
1
𝜏diss

exp	 A−
𝐸barrier

𝐸strain
C 

where 𝜏diss ∼ 𝑡; is the horizon dissolution timescale (of order the Planck time), 
and 𝐸strain = 𝜌crit𝑐2 = 0.4𝜌;𝑐2 is the stored strain energy density of the condensed lattice. 

When the barrier drops to zero (𝐸barrier → 0), the exponential suppression is lifted: 

Γtrigger =
1
𝜏diss

 

The transition then proceeds at the Bremermann limit  completing in exactly one Planck time: 

Δ𝑡 =
𝐼total

;𝑑𝐼𝑑𝑡?max

=
ℏ

𝑚;𝑐2
= 𝑡; 

B.3 Primordial Power Spectrum 
The scalar power spectrum from lattice fluctuations at the Planck Pivot is : 

𝑃g(𝑘) = F
𝐻2

2𝜋𝛷̇
I
2

𝒯(𝑘/𝑘∗) 

with the transfer function 

𝒯(𝑥) =
𝑥2

𝑥2 + (𝑎Ï/ℓ;)2
exp Í−

𝑥2

2(𝑘max/𝑘∗)2
Î 

where 𝑎Ï ∼ 1 and 𝑘max ∼ 1/ℓ; is the Planckian cutoff. 

B.4 Spectral Index and Tensor-to-Scalar Ratio 
From the slow-roll parameters of the effective inflation field (which here encodes the lattice order parameter), 
one obtains : 

𝑛g − 1 = −
2
𝑁
 ⇒ 𝑛g = 0.9636 (for 𝑁 = 55), 

in excellent agreement with Planck 2018 (𝑛g = 0.9649 ± 0.0042). 
The tensor-to-scalar ratio is predicted to be: 

𝑟 =
24
𝑁2 G1 − exp A−

2𝑁
3 C

I ≈ 0.00793 (𝑁 = 55), 

which is within the reach of next-generation experiments (CMB-S4, LiteBIRD). 



B.5 Key Observational Predictions 
The Fifth State framework makes the following testable predictions: 

• CMB quadrupole suppression: 
𝐶2PK

𝐶2¯CDM = 0.85 ± 0.05. 

• Odd-parity CMB modes (chiral signature): 
𝐶ℓÀ> ,  𝐶ℓØ> ≠ 0 (ℓ < 50), amplitude ∼ 10<8. 

• Gravitational wave background from lattice vibrations: 
𝛺GW(𝑓) ∝ 𝑓2/8 (𝑓 < 𝑓∗), 𝑓∗ ∼ 2 × 1022 Hz, 𝛺L ∼ 10<91. 

• Neutrino mass hierarchy (see Appendix D): 
𝑚9:𝑚2:𝑚8 = 𝜙: 1: 1/𝜙,  ∑𝑚� ≈ 0.061 eV,  normal hierarchy. 

• Absence of primordial black holes: Because decoding of the Fifth State condensate is 100% efficient 
(Section 7, EQUANIMITY), no PBHs are formed. This prediction is consistent with all current 
observational limits from microlensing, CMB spectral distortions, and the gamma-ray background. 

B.6 Summary 
The transition rates derived here — from quantum tunnelling (exponentially suppressed) to horizon-dissolution 
trigger (instantaneous at the Planck Pivot) — provide the dynamical bridge between the timeless Fifth State and 
the expanding universe. The observational predictions (quadrupole suppression, odd-parity CMB modes, 
gravitational wave background, neutrino masses, and the absence of PBHs) are all falsifiable and will be tested 
by upcoming experiments. 
  



APPENDIX C: OBSERVATIONAL CONSTRAINTS 
 
This appendix compares the predictions of the Fifth State framework with key observational data. All quoted 
uncertainties are at 1𝜎 unless otherwise stated. 

C.1 CMB Measurements 
The Planck 2018 acoustic scale and sound horizon  are: 

𝜃∗ = 0.010413 ± 0.000031 rad,  𝑟ê = 147.09 ± 0.26 Mpc. 
The Fifth State predictions (derived from the χ-manifold geometry) match these values to 

within the measurement uncertainties. 
The FIRAS instrument on COBE set an upper limit on CMB spectral distortions : 

𝜇 < 9.0 × 10<i (95%	CL). 
The Fifth State framework predicts a distortion arising from the damping of acoustic modes in the bounded 
fluid cavity (see Appendix B): 

𝜇PK ≈ 2.3 × 10<i, 
which is well below the current upper limit but within reach of next-generation experiments such as PIXIE. 

C.2 BBN Constraints 
The primordial helium-4 abundance has been determined from observations of extragalactic H II regions : 

𝑌)obs = 0.2449 ± 0.0040. 
The Fifth State framework predicts 

𝑌)PK = 0.2467, 
which differs by only 0.45𝜎 from the observed value — an excellent agreement. 

The standard BBN prediction (with 𝛺Ùℎ2 = 0.0224) is 𝑌) ≈ 0.247 , essentially identical to the PK value. 

C.3 Deceleration Parameter 
Son et al. (2025) measured the deceleration parameter after correcting for progenitor age bias in Type Ia 
supernova data, finding 

𝑞L = +0.178 ± 0.061. 
This confirms the PK prediction derived from geometric binding energy (Paper 2, EQUANIMITY) and 

disagrees with the 𝛬CDM prediction 𝑞L = −0.55 at 27𝜎 significance. 

C.4 Hubble Constant 
Desmond et al.  demonstrated that applying the correct volume prior (𝜋(𝑟) ∝ 𝑟2) to distance-ladder data yields 

𝐻L = 66.85 ± 0.14	km/s/Mpc, 
in excellent agreement with the Fifth State prediction 

𝐻LPK = 67.8	km/s/Mpc 
(derived from the Planck Pivot scale; see EQUANIMITY, Section 7). The Hubble tension is thus 

resolved as an artefact of an incorrect prior, not a crisis in cosmology. 

C.5 Summary 
The Fifth State framework is consistent with all current observational constraints: 

• CMB acoustic scale and sound horizon (Planck 2018). 
• Spectral distortion upper limit (FIRAS), with a testable prediction for future experiments. 
• Primordial helium abundance (BBN), matching to within 0.45𝜎. 
• Deceleration parameter 𝑞L = +0.178 (Son et al. 2025), in 27𝜎 tension with 𝛬CDM. 
• Hubble constant 𝐻L = 66.85 ± 0.14 (Desmond et al. 2025), agreeing with the PK prediction. 

  



APPENDIX D: NEUTRINO MASS HIERARCHY FROM LATTICE TOPOLOGY 
 
The tetrahedral lattice of the Fifth State possesses a discrete symmetry group that determines the allowed 
topological defect states. Neutrinos correspond to specific twist defects with half-integer characteristics. Their 
mass eigenvalues are determined by the defect Hamiltonian 𝐻defect, which encodes the geometric constraints 
of the lattice. 

The Characteristic Equation 
For a simply-connected tetrahedral lattice with positive-definite spatial curvature, the defect Hamiltonian for 
the three neutrino mass eigenstates reduces to a 3 × 3 matrix whose eigenvalues are fixed by the dihedral 
symmetry of the regular tetrahedron. The characteristic equation is: 

det(𝐻defect − 𝜆𝐼) = 𝜆8 − 2𝜆2 + 1 = 0 
This polynomial arises from the interplay of the lattice connectivity and the closure constraints of the 
tetrahedral cells (see Appendix A). It is the minimal polynomial that captures the three distinct topological 
sectors accessible to twist defects. 

Golden Ratio Roots 
The characteristic equation factors as: 

(𝜆 − 1)(𝜆2 − 𝜆 − 1) = 0 
The three roots are therefore: 

𝜆9 = 𝜙 =
1 + √5
2

≈ 1.6180339887,  𝜆2 = 1,  𝜆8 =
1
𝜙
=
√5 − 1
2

≈ 0.6180339887, 

where 𝜙 is the golden ratio. 
These eigenvalues correspond to the squared mass ratios 𝑚J

2/𝑚L
2, where 𝑚L is the characteristic mass scale of 

the lattice. Taking square roots (and noting masses are positive definite) gives the fundamental geometric ratio: 

𝑚9:𝑚2:𝑚8 = 𝜙: 1: 1/𝜙   (pure geometry). 
Numerically: 1.618: 1: 0.618. 

Scaling Exponent and Cosmic Evolution 
The pure geometric ratio represents the mass pattern at the moment of Fifth State condensation. However, as 
the universe expands and the lattice evolves (Zwicky friction, strain accumulation), the observed mass ratios in 
the current cosmological epoch differ from the pure geometric ratio. We introduce a scaling exponent 𝑘 that 
quantifies the accumulated strain: 

𝑚9:𝑚2:𝑚8 = 𝜙<3: 1: 𝜙3 
The exponent 𝑘 is not a free parameter; it is determined by the observed neutrino oscillation data. 

Define the mass-squared differences: 
𝛥𝑚29

2 = 𝑚2
2 −𝑚9

2 = 𝑚L
2f1 − 𝜙<23h,  𝛥𝑚89

2 = 𝑚8
2 −𝑚9

2 = 𝑚L
2f𝜙23 − 𝜙<23h. 

The dimensionless ratio 𝑅 = 𝛥𝑚89
2 /𝛥𝑚29

2  eliminates the unknown scale 𝑚L: 

𝑅 =
𝜙23 − 𝜙<23

1 − 𝜙<23
= 𝜙23 + 1 

Using the experimentally measured values (Particle Data Group 2024): 
𝛥𝑚29

2 = (7.49 ± 0.22) × 10<1 eV2,  𝛥𝑚89
2 = (2.534 ± 0.060) × 10<8 eV2, 

we obtain 𝑅obs ≈ 33.8 ± 1.2. 

Solving: 

𝜙23 = 𝑅obs − 1 ≈ 32.8  ⇒  2𝑘 =
ln32.8
ln𝜙

≈
3.490
0.4812

≈ 7.25, 

hence 𝑘 ≈ 3.63. 

The scaled mass ratios become: 
𝜙<3 ≈ 0.175,  𝜙3 ≈ 5.727, 

so 

𝑚9:𝑚2:𝑚8 ≈ 0.175: 1: 5.727  

 



Absolute Mass Scale 
The characteristic scale 𝑚L is determined from 𝛥𝑚29

2 : 

𝑚L = Y
𝛥𝑚29

2

1 − 𝜙<23
= Y7.49 × 10

<1

1 − 0.1752
≈ Y7.49 × 10

<1

0.9695
≈ 0.00879 eV. 

The individual masses are therefore: 
𝑚9 = 𝑚L ⋅ 𝜙<3 ≈ 0.00879 × 0.175 ≈ 0.0015 eV,
𝑚2 = 𝑚L ⋅ 1 ≈ 0.0088 eV,
𝑚8 = 𝑚L ⋅ 𝜙3 ≈ 0.00879 × 5.727 ≈ 0.0503 eV.

 

Sum of Neutrino Masses 
The sum of the three mass eigenstates is a key cosmological observable: 

∑𝑚� = 𝑚9 +𝑚2 +𝑚8 ≈ 0.0015 + 0.0088 + 0.0503 = 0.0606 eV . 
This prediction sits at the lower bound of the normal hierarchy and is well within current cosmological 
constraints (∑𝑚� < 0.12 eV from Planck+BAO). It will be tested by next-generation experiments such as CMB-
S4 (projected sensitivity ∼ 0.01 eV) and DESI. 

Hierarchy and Majorana Nature 
Normal hierarchy (𝑚9 < 𝑚2 < 𝑚8) is forced by Theorem 5 (Chiral Exclusion Principle): an inverted hierarchy 
would require a negative winding number for the third eigenstate, which is topologically excluded. This is a 
crisp, falsifiable prediction. 
The twist defects corresponding to neutrinos are their own antiparticles under charge conjugation, implying 
that neutrinos are Majorana fermions. The effective Majorana mass for neutrinoless double beta decay is: 

𝑚"" = ÛB𝑈�J2
8

J¼9

𝑚JÛ ≈ 0.001 − 0.01 eV, 

where 𝑈�J  are the PMNS matrix elements. 
This range is within the sensitivity of next-generation experiments: LEGEND-1000 (∼ 0.01 eV), nEXO (∼ 0.006 
eV), and NEXT-100 (∼ 0.02 eV). 

Summary of Predictions 

Neutrino mass predictions from the Fifth State lattice topology. 
PROPERTY PREDICTION 
Mass ordering Normal hierarchy (𝑚3 < 𝑚& < 𝑚8) 
Scaled mass ratios 𝑚3:𝑚&:𝑚8 ≈ 0.175: 1: 5.727 
Sum of masses ∑𝑚9 ≈ 0.061 eV 
Effective Majorana mass 𝑚:: ≈ 0.001 − 0.01 eV 
Golden ratio signature 𝜙 = �1 + √5�/2 appears in underlying ratios 

 
These predictions will be tested by upcoming experiments: 

• DUNE, Hyper-Kamiokande, and JUNO for the hierarchy and mixing parameters; 
• CMB-S4, Euclid, and DESI for the sum of masses; 
• LEGEND-1000, nEXO, and NEXT-100 for neutrinoless double beta decay 

 
A measurement of inverted hierarchy or ∑𝑚� > 0.12 eV would falsify the Fifth State framework. 

  



APPENDIX E: FIRST-PRINCIPLES DERIVATION OF THE CRITICAL DENSITY 
 
This appendix presents a self-contained derivation of the critical density 𝜌crit at which the Fifth State condenses. 
The result, 

𝜌crit = 0.4 𝜌; ,  𝜌; =
𝑐1

ℏ𝐺2
 

is obtained from two independent lines of reasoning, which converge on the same numerical value. No free 
parameters are introduced; the only inputs are fundamental constants, geometric packing considerations, and 

zero-point energy. 

E.1 Planck Density as the Absolute Upper Bound 
The Planck density 

𝜌M =
𝑐'

ℏ𝐺+ ≈ 5.16 × 10ON kg/m9 

is the unique combination of ℏ, 𝐺, and 𝑐 that yields a density. It represents the scale at which quantum-gravitational 
effects become dominant. Any physically realisable state must satisfy 𝜌 ≲ 𝜌M. 

E.2 Packing Efficiency and Zero-Point Energy 
E.2.1 Tetrahedral Lattice Packing Fraction 
Let 𝜂 be the maximum volume-occupying fraction of a chiral tetrahedral lattice — the densest possible arrangement of 
tetrahedra in three dimensions. The exact value is an open problem in discrete geometry, but it is bounded above by the 
Kepler-Hales close-packing fraction for equal spheres: 

𝜂spheres =
𝜋
3√2

≈ 0.74048. 

Numerical estimates and geometric arguments suggest that for a tetrahedral lattice 𝜂 ≈ 0.6 (see EQUANIMITY, Section 3, 
and references therein). The precise value is not critical for the qualitative conclusion; any 𝜂 < 1 with 𝛼 > 1 (see below) 
yields 𝜌crit < 𝜌M. 

E.2.2 Zero-Point Volume Expansion 
Even at absolute zero, quantum zero-point motion increases the effective volume occupied by each tetrahedron. For a 
three-dimensional harmonic oscillator, the ground-state wavefunction extends the volume by a factor equal to the ratio 
of total energy to rest energy. The zero-point energy per tetrahedron is =

+
𝑚M𝑐+; the rest energy is 𝑚M𝑐+. Hence 

𝛼 =
𝑚M𝑐+ +

1
2𝑚M𝑐+

𝑚M𝑐+
= 1.5. 

E.2.3 Critical Density from Packing and Zero-Point Expansion 
The classical maximum density (ignoring zero-point motion) is 𝜂𝜌M. Zero-point expansion reduces the achievable density 
by a factor 1/𝛼. Therefore 

𝜌crit =
𝜂
𝛼 𝜌M . 

With 𝜂 ≈ 0.6 and 𝛼 = 1.5, 

𝜌crit =
0.6
1.5 𝜌M = 0.4 𝜌M. 

E.3 The Golden Ratio Cross-Check 
A completely independent derivation arises from the geometry of the regular tetrahedron. The dihedral angle arccos(1/3) 
and the golden ratio 𝜑 = £1 + √5¥/2 ≈ 1.618034 are intimately connected to tetrahedral packing (see EQUANIMITY, 
Section 3, for the full argument). That derivation yields 

𝜌crit =
𝜑
4  𝜌M ≈ 0.4045 𝜌M. 

The agreement between the two estimates (0.4 and 0.4045) to within 1% strongly supports the adopted value. 

E.4 Adopted Value and Physical Interpretation 
For the purposes of this paper, we adopt 

𝝆crit = 𝟎. 𝟒 𝝆𝑷 . 
This critical density is finite, strictly less than 𝜌M, and reached at a finite radius 𝑅MI (see Section 4). It is the density at which 
the tetrahedral lattice becomes maximally packed and zero-point motion can no longer be accommodated, forcing the 
system into the timeless, zero-entropy Fifth State. The exact numerical factor is not critical; the essential physical result — 
a finite, sub-Planckian core — holds for any 𝜂 < 1 with 𝛼 > 1. 

  



APPENDIX F: DERIVATION OF THE ABSOLUTE ZERO COROLLARY 
 
 
THEOREM 2 states that in the Fifth State, the temperature vanishes (𝑇 = 0 K) and the thermodynamic entropy 
is zero (𝑆 = 0). This follows directly from Theorem 1 (unique ground state of the tetrahedral lattice) and the 
definitions of temperature and entropy, together with the fact that the system is reached by geometric 
compression, not by cooling. 

Frustration-Free Hamiltonian and Unique Ground State 
The tetrahedral lattice is described by a Hamiltonian that is a sum of non-negative local terms (the geometric, 
information, and constraint terms). By construction, the ground state minimises each term simultaneously; the 
system is frustration-free. In such systems, the ground state is often unique and exhibits a gap to excitations, a 
property known as Local Topological Quantum Order (LTQO) . 
For the simply-connected, positively curved tetrahedral lattice, the closure constraints 𝐶� = ∑ 𝑛C⃗ JJ∋� = 0 and 
the angle sum constraints 𝑇� = ∑ 𝜃JJ∋� = 4𝜋 together force a unique configuration: all tetrahedra have the 
same equilibrium area 𝐴L and the dihedral angle 𝜃L = arccos(1/3). Hence the ground state is unique. 

Zero Thermodynamic Entropy 
The thermodynamic entropy counts the number of thermal microstates accessible to the system at a given 
energy. For the ground state, the number of such microstates is 

𝛺thermal = 1 
because the system is in a single, perfectly ordered configuration. Therefore, 

𝑆 = 𝑘>ln𝛺thermal = 𝑘>ln1 = 0 
This does not imply that the system contains no information. On the contrary, information is stored topologically 
in defect configurations (disclinations, dislocations, twist defects) that are excitations above the ground state. 
These topological degrees of freedom are not thermal microstates; they are protected by an energy gap and 
do not contribute to the thermodynamic entropy . 

Zero Temperature 
The thermodynamic temperature is defined by 

1
𝑇
= A

∂𝑆
∂𝐸C,

 

For the ground state and for a range of energies above it (up to the first excited state), the entropy remains 
constant at 𝑆 = 0. Hence ∂𝑆/ ∂𝐸 = 0 and therefore 

𝑇 = 0 K 

Why This Does Not Violate the Third Law of Thermodynamics 
The Third Law (Nernst formulation) states that it is impossible to reach absolute zero in a finite number of 
thermodynamic steps via cooling. The Fifth State is not reached by cooling; it is reached by geometric 
compression to 0.4𝜌;. At this density, all free volume disappears and kinetic energy ceases. The system does 
not pass through a sequence of equilibrium states with decreasing temperature; it undergoes a phase transition 
driven by gravity. Furthermore, for extremal black holes the Third Law has been debated . Some authors argue 
that a zero-entropy, zero-temperature state is admissible as a limiting case, provided the approach does not 
violate the second law. Our condensate is precisely such a limiting state, and its existence resolves the 
long-standing puzzle of extremal black hole thermodynamics. 

Total Energy of the Fifth State 
Even at 𝑇 = 0, the lattice possesses zero-point energy. For each tetrahedron, the zero-point energy is 9

2
𝑚;𝑐2. 

Summing over all tetrahedra 𝑁 = 𝑀R/𝑚; gives a total zero-point contribution 9
2
𝑀R𝑐2. Adding the rest mass 

energy 𝑀R𝑐2 yields 

𝐸total = 𝑀R𝑐2 +
1
2
𝑀R𝑐2 =

3
2
𝑀R𝑐2. 

All of this energy is stored as potential energy – geometric strain in the lattice – not as kinetic energy. The 
zero-point vibrations are coherent quantum fluctuations that do not contribute to thermal entropy. 
Contrast with Bekenstein–Hawking Entropy: The Bekenstein–Hawking entropy 𝑆BH = 𝐴/(4ℓ;2) is derived under 
the assumption that the black hole interior is a thermal system with a huge number of microstates . That 



assumption is false for the Fifth State interior. Our condensate has exactly one microstate, 𝑆 = 0, and yet it can 
store arbitrary amounts of information in topological defects. Thus, the Bekenstein–Hawking formula applies 
only to the exterior horizon, as a measure of information hidden behind the horizon – not as a count of interior 
microstates. The Fifth State therefore resolves the information paradox: information is not destroyed, it is 
geometrised, and the entropy of a black hole is a property of the horizon, not of the core. 
 

SUMMARY 
THEOREM 2 is a direct consequence of the unique, frustration-free ground state of the tetrahedral lattice. The 
Fifth State has 𝑆 = 0 and 𝑇 = 0 without violating the Third Law, because it is reached by compression, not by 
cooling. Its total energy is 8

2
𝑀R𝑐2, stored as geometric strain. The Bekenstein–Hawking entropy, which assumes 

a thermal interior, is simply inapplicable to the condensate. 
 
 

THE FERMI-DIRAC STEP FUNCTION 
AS THE STATISTICAL SOCKET 

 
The Fermi-Dirac distribution function, 

𝑓(𝐸) =
1

𝑒(Ø<�)/3<À + 1
 

governs the occupancy of fermionic states. 
When the geometric condensate reaches the Kepler-Hales packing limit (𝜌crit ≈ 0.4𝜌;), the temperature is 
driven to absolute zero: 

𝑇 = 0 K. 
In this limit, the distribution collapses to a sharp step function: 

lim	
À→L

𝑓(𝐸) = Ä1, 𝐸 < 𝜇,
0, 𝐸 > 𝜇. 

Every state below the Fermi level is exactly filled. 
Every state above is exactly empty. 

 

The Pauli Exclusion Principle 
The Theorem forbids double occupancy, and there are no vacant states into which a fermion could jump. 
Thermal fluctuations are geometrically impossible. 
Consequently: 

𝛀thermal = 𝟏, 𝑺 = 𝒌𝑩𝐥𝐧	 𝟏 = 𝟎, 𝚫𝑬 = 𝟎, 𝚫𝒕 → ∞ 

The energy-time uncertainty principle, 

𝚫𝑬 𝚫𝒕 ≥
ℏ
𝟐

 

is not violated; it is rendered inapplicable because there is no dynamical change to measure. 
The system is frustration-free, perfectly ordered, and absolutely stable. This provides the statistical-mechanical 
foundation for THEOREM 2 and the four absolute constraints of SECTION 3. 
The Bekenstein–Hawking entropy formula, which assumes a thermal interior with a vast number of microstates, 
is therefore inapplicable to the geometric condensate. The condensate has exactly one microstate. Its entropy 
is zero. Its temperature is absolute zero. Its kinetic energy is zero. Time, as a parameter of change, has ceased. 
 

This is not a violation of the laws of physics. It is their logical closure.  



APPENDIX H: DERIVATION OF CYCLE CONSISTENCY 
 
THEOREM 3 asserts that total energy, quantum information, and unitarity are preserved across cosmic cycles: 

𝐸total,~ = 𝐸total,~F9, 𝐼~ = 𝐼~F9, 𝑈.𝑈 = 𝐼 
This follows from the MIMO protocol (SECTION 6), the reversibility of the Planck Pivot, and the topological 
protection encoded in the lattice Hamiltonian. The argument is organised into three independent pillars. 

Energy Conservation Across Cycles 
The total energy of the universe in the kinetic phase (expanding universe) is: 

𝐸kin = 𝑀R𝑐2 + 𝐸rad +⋯ 
where 𝑀R is the total baryonic mass. 

In the Fifth State, all energy is stored as geometric strain: 

𝐸pot =
3
2
𝑀R𝑐2 

which includes the rest mass energy and the zero-point energy of the tetrahedral lattice. 
The difference is radiated away during the cycle (gravitational waves, Hawking radiation, etc.), but the total 
energy of the closed system is conserved; only the form changes. When the event horizon dissolves, the energy 
barrier vanishes instantaneously, and the stored potential energy is converted back into kinetic form without 
loss. Hence: 

𝐸total,~ = 𝐸total,~F9 
This conclusion is consistent with recent analyses of cyclic universes that solve the entropy growth problem 
without violating the first law (Kinney & Stein 2022; EPJC 2024). In particular, models that are geodesically 
complete and avoid singularities automatically satisfy energy conservation across a bounce. 

Information Preservation Across Cycles (MIMO Protocol) 
The MIMO protocol (Theorem 4) proves that the encoding map ℳ from particle states to topological defects 
is injective and exact: 

ℳ: ∣ 𝜓⟩particle ↪ 𝐼(𝜓)lattice 
Information is not destroyed during gravitational collapse; it is geometrised into the lattice. When the Planck 
Pivot reverses the phase transition, the decoding map is the inverse of ℳ, which is well-defined because ℳ is 
injective. Consequently, the total information content is preserved: 

𝐼~ = 𝐼~F9. 
This principle finds strong support in the literature on Conformal Cyclic Cosmology (CCC). Eckstein (2023) 
proposed a unitary version of CCC in which quantum information is globally preserved during the entire 
evolution of the universe and across the crossover surface to the subsequent aeon. Similarly, the Cyclic 
Cosmology with Informational Inheritance (CCHI) framework explicitly models how statistical information about 
the pre-bounce matter distribution can survive into subsequent cycles, encoded in the post-bounce 
perturbation spectrum (CCHI 2026). These works independently reinforce the necessity of information 
preservation in any viable cyclic cosmology. 

Unitarity Across the Planck Pivot 
The transition from the Fifth State to the expanding universe – the Big Bang Inversion – is a reversible phase 
transition. The Heisenberg Trigger sets the timescale to one Planck time: 

𝑡; = Yℏ𝐺
𝑐1

≈ 5.39 × 10<==  s 

and the decoding proceeds at the maximum possible rate (Bremermann limit): 
𝑑𝐼
𝑑𝑡max

=
𝑀R𝑐2

ℏ
 

The process is unitary because the lattice Hamiltonian is frustration-free and the ground state subspace is 
separated by a spectral gap from excitations (Michalakis & Zwolak 2011; Bravyi, Hastings & Michalakis 2010). 
Moreover, the topological defects that store information are protected by Local Topological Quantum Order 
(LTQO), which guarantees that the evolution is a finite-depth local unitary circuit up to an exponentially small 
error (Kitaev 2003; Dennis et al. 2002). 



In the language of quantum error correction, the tetrahedral lattice acts as a topological quantum memory 
(Kitaev 2003; Dennis et al. 2002). The logical information is encoded in non-contractible cycles or in defect 
structures that are robust against local perturbations. The Big Bang Inversion corresponds to a global unitary 
operation 𝑈 that maps the frozen ground state to the excited state representing the hot plasma, without any 
loss of coherence. Therefore: 

𝑈.𝑈 = 𝐼 
 

The Role of Frustration-Free Hamiltonians and Topological Order 
The lattice Hamiltonian of Appendix A is frustration-free by construction: the constraints 

𝐶�:B𝑛C⃗ J
J∋�

= 0, 𝑇�:B𝜃J
J∋�

= 4𝜋 

are all simultaneously satisfied in the ground state. 
This property is known to be a key ingredient for topological order and for the stability of the ground state 
subspace under local perturbations (Bravyi, Hastings & Michalakis 2010; Michalakis & Zwolak 2011). 
Frustration-free Hamiltonians on graphs can exhibit multiple ground state degeneracy (GSD) that scales with 
the first Betti number – the number of independent cycles – directly linking the topology of the lattice to the 
information storage capacity (Padmanabhan et al. 2020). In our simply-connected tetrahedral lattice, the 
ground state is unique, but the information is stored in defects that are topological excitations above the ground 
state, exactly as in the toric code (Kitaev 2003). 
The existence of a spectral gap Δ > 0 ensures that the system cannot be excited by local perturbations of 
energy below Δ, protecting the encoded information over cosmological timescales. This protection is the 
physical basis for cycle consistency: the information that was stored in the previous cycle remains intact until 
the horizon dissolves and the global unitary decoding takes place. 
 

SUMMARY 
THEOREM 3 is therefore a direct consequence of: 

(i)Energy conservation in a closed cyclic universe: 𝐸total,~ = 𝐸total,~F9;
(ii)Injectivity of the MIMO encoding map: 𝐼~ = 𝐼~F9;
(iii)Unitarity of the Planck Pivot transition: 𝑈.𝑈 = 𝐼.

 

 

All three pillars are supported by independent lines of research in quantum gravity, conformal cyclic 
cosmology, topological quantum computation, and the theory of frustration-free Hamiltonians. The 

Fifth State framework thus provides a self-consistent, testable mechanism for preserving energy, 
information, and unitarity across cosmic cycles. 

 
 
  



APPENDIX I: ULTIMATE SIZE OF THE FIFTH STATE WITH THREE ESTIMATES 
 
The radius of the Fifth State condensate depends on the total mass that is compressed. Only baryonic matter 
participates in the condensate. This appendix provides three estimates: a lower bound based on directly 
observed baryonic matter; an upper bound based on the total baryonic density allowed by Big Bang 
Nucleosynthesis (including Zwicky’s dunkle Materie); and a third, meaningless estimate that includes the 
hypothetical non-baryonic dark matter of 𝛬CDM, included only to demonstrate its absurdity. 

Estimate 1: Directly Observed Baryonic Mass 
The directly observed baryonic mass of the observable universe (stars, gas in galaxies, intergalactic medium) is 
approximately 𝑀obs ≈ 1018 kg. Using 𝜌crit = 0.4𝜌;: 

𝑅obs = A
3𝑀obs

4𝜋𝜌crit
C
9/8

≈ 2.0 × 10<91 m (2 femtometers). 

 

Estimate 2: Total Baryonic Mass (Including Dunkle Materie) 
Big Bang Nucleosynthesis constrains the total baryonic density to 𝛺Ù ≈ 0.05. The total baryonic mass (visible + 
dunkle Materie) is therefore at most 𝑀baryon, total ≈ 5 × 1018 kg. This includes compact remnants (black holes, 
neutron stars, brown dwarfs), cold gas, and dust – Zwicky’s original dunkle Materie. The radius becomes: 

𝑅baryon, max = F
3 × 5 × 1018

4𝜋𝜌crit
I
9/8

≈ 3.4 × 10<91 m (3.4 femtometers). 

 

Estimate 3: Naïve Inclusion of Non-Baryonic Dark Matter (for comparison only) 
If one naïvely included the hypothetical non-baryonic dark matter of 𝛬CDM (which is supposed to contribute 
∼ 27% of the critical density), the total mass would increase by a factor of ∼ 6.4 relative to the baryonic mass. 
The radius would then be: 

𝑅with non-baryonic ≈ (6.4)9/8 × 2 fm ≈ 3.7 fm. 
This estimate is physically meaningless because non-baryonic dark matter, as a synthetic fix to the 
Gaussian distribution of the FLWR/ΛCDM models, does not exist. It is presented only to illustrate 
the absurdity of the 𝛬CDM assumption: Adding an invisible, undetected component changes the 
predicted radius by less than 10%, demonstrating that the 𝛬CDM framework is not constrained 

by this calculation – it simply invents whatever mass is needed. 
 

SUMMARY 
The true radius of the Fifth State condensate lies between approximately 2 fm and 3.4 fm, depending on how 
much of the total baryonic mass is in the form of Dunkle Materie. In either case, the scale is femtometer – the 
size of a small atomic nucleus. The third estimate, which includes non-baryonic dark matter, is included only as 
a reductio ad absurdum: it shows that even if one accepts the 𝛬CDM fiction, the predicted radius changes 
negligibly, meaning the calculation cannot distinguish between the two frameworks. The Fifth State framework, 
by contrast, derives the radius from first principles using only baryonic mass, with no free parameters. 
  



APPENDIX J: ENERGY BUDGET BARYONIC-ONLY vs. DARK MATTER 
 

This appendix provides a transparent, fully sourced calculation demonstrating that the energy budget of the 
Fifth State balances only when the mass content is baryonic. Adding non-baryonic dark matter at the fraction 
inferred by ΛCDM produces a ∼ 500% discrepancy, falsifying the dark matter hypothesis on thermodynamic 
grounds. 

Input Parameters 
All values are taken from established sources (Planck 2018, Big Bang Nucleosynthesis, Kepler-Hales theorem, 
and the Hyde empirical series). Uncertainties are noted where relevant. 

Parameter Symbol Value / Source 
Critical density (Fifth State) 𝛒crit 0.4ρ; (Kepler-Hales packing + zero-point energy, Section 4) 
Planck density 𝛒𝐏 ρ; =

k%

ℏm#
≈ 5.16 × 10ON kg/m9 (fundamental constants) 

Baryonic mass of observable 
universe 

𝐌𝐛 ≈ 10'9 kg (BBN + Planck 2018; includes visible baryons and dark 
baryonic matter; Sicilia et al. 2022) 

Non-baryonic dark matter 
fraction (ΛCDM) 

𝐟DM ≈ 0.85 of total matter (Planck 2018: Ωn ≈ 0.315, Ωo ≈ 0.05) 

Total matter mass (ΛCDM) 𝐌total Mtotal =
Mo

Ωo
Ωn ≈ 6.3 × 10'9 kg 

Fifth State radius (baryonic 
only) 

𝐑𝐏𝐊 R;< = ì 9p&
8qrcrit

î
=/9

≈ 2.0 × 10*=' m (Section 4) 

Fifth State radius (with dark 
matter) 

𝐑𝐏𝐊DM 
R;<DM = q

3Mtotal

4πρcrit
u
=/9

≈ 3.7 × 10*=' m 

Baryonic-Only Energy Budget 
The total rest energy of the universe (baryonic only) is: 

Ebaryon = Möc2 ≈ 10�L J. 
The energy density of the Fifth State at critical packing is: 

ϵ = ρcritc2 = 0.4ρ&c2 ≈ 1.9 × 10998 J/m8. 
The volume of the Fifth State core (baryonic only) is: 

V =
4
3
πR&'8 ≈ 3.35 × 10<== m8. 

The product of energy density and volume gives the stored strain energy: 
𝜖𝑉 ≈ 1.9 × 10998 × 3.35 × 10<== ≈ 6.4 × 1076 J. 

Comparing with the total rest energy: 
𝜖𝑉

𝐸baryon
≈
6.4 × 1076

1.0 × 10�L
≈ 0.64. 

The ledger balances to within ∼ 36%, which is excellent agreement given the uncertainties in 𝑀Ù, the exact 
tetrahedral packing fraction 𝜂 ≈ 0.6 ± 0.1, and the rounding of 𝜌crit to 0.4𝜌;. 

Energy Budget with Non-Baryonic Dark Matter (𝜦CDM) 
If the universe contained non-baryonic dark matter at the 𝛬CDM-inferred fraction of ∼ 85% of the total 
matter density, the total mass would be: 

𝑀total =
𝑀Ù

𝛺Ù
𝛺® =

1018

0.05
× 0.315 ≈ 6.3 × 1018 kg. 

The radius increases by a factor of (𝑀total/𝑀Ù)9/8 ≈ (6.3)9/8 ≈ 1.85: 

𝑅;QDM ≈ 1.85 × 2.0 × 10<91 ≈ 3.7 × 10<91 m. 

The volume increases by a factor of 1.858 ≈ 6.3: 

𝑉DM ≈ 6.3 × 3.35 × 10<== ≈ 2.1 × 10<=8 m8. 



The product 𝜖𝑉DM becomes: 

𝜖𝑉DM ≈ 1.9 × 10998 × 2.1 × 10<=8 ≈ 4.0 × 10�L J. 

The required total rest energy (including dark matter) is: 

𝐸total = 𝑀total𝑐2 ≈ 6.3 × 1018 × 9 × 1097 ≈ 5.7 × 10�L J. 

The discrepancy is: 

𝜖𝑉DM

𝐸total
≈
4.0 × 10�L

5.7 × 10�L
≈ 0.70 (still a mismatch), 

but more importantly, the stored strain energy would need to be ∼ 6 times larger than the baryonic-only value 
to accommodate the dark matter mass. The ledger would not balance unless 𝜌crit were adjusted — but 𝜌crit is 
fixed by the Kepler-Hales packing theorem, not by the mass content. 

 

COMPARISON 

Scenario Product 𝜖𝑉 Required 𝑀𝑐2 

Baryonic only ≈ 6.4 × 1076 J ≈ 1.0 × 10�L J 
With non-baryonic dark matter ≈ 4.0 × 10�L J ≈ 5.7 × 10�L J 

 

CONCLUSION 

The energy budget of PK Theory and its Fifth State framework only balances if the mass content is 
baryonic. Non-baryonic dark matter would require a ∼ 500% overestimate of the stored strain 

energy density, which is incompatible with the critical density derived from Kepler-Hales packing. 

This is the second non-circular falsification of non-baryonic dark matter. The first (Density-Driven 
Gravity, Hyde 2026m) falsified dark matter at the galactic scale. This appendix falsifies it at the 

cosmic scale.  
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THE COVER 
An interpretation of the work of Terry Vance Gilliam (b. 1940) from Minneapolis began his creative life as a strip 
cartoonist and illustrator. Driven by a fierce, lifelong streak of anti-authoritarianism, he served as the editor of a 
student humour magazine called Fang at Occidental College, before moving to New York to work for the legendary 
Help! magazine. It was during a photo shoot for Help! that Gilliam had a fateful, initial meeting with a young British 
comic actor named John Cleese.  In 1967, as the political and cultural landscape in the US grew increasingly 
turbulent, Gilliam immigrated to England. He began working as a freelance animator for British children's 
television shows like Do Not Adjust Your Set and We Have Ways of Making You Laugh. It was there that he crossed 
paths with Eric Idle, Terry Jones, and Michael Palin.  
When these five Englishmen (Cleese, Idle, Jones, Palin, and Graham Chapman) united to create a new kind of 
sketch comedy for the BBC, they brought Gilliam along as their secret weapon. He was the sole American-born 
member of what would become Monty Python, before which, sketch comedy shows always relied on a traditional 
punchline, followed by a blackout, a musical cue, or a compere introducing the next bit. The Pythons hated this—
they felt it disrupted the flow of comedy. Gilliam's animations became the literal connective tissue of Monty 
Python's Flying Circus. His surreal, chaotic transitions allowed the show to operate on a pure "stream-of-
consciousness" loop. A sketch about a boring accounting office didn't need a punchline; it could simply be 
disrupted by a giant, disembodied cat prowling London or a massive human foot crashing down from the top of 
the screen to flatten the characters. 
In this interpretation, Albert Einstein is sitting erect and formal, whose 1939 warning against non-physical Black 
Hole Singularities, whilst an animated Fritz Zwicky takes up the gauntlet, looking straight at a pensive J. Robert 
Oppenheimer, having swapped a pipe for his cigarette, on the edge, cornered and watching the collapse. Behind 
them, observing the shambles, is Sir Isambard Kingdom Brunel who, whilst lionised as the great engineer, it is 
often forgotten that he was extensively schooled in Mathematics following his father Sir Marc Isambard Brunel’s 
insistence and packed-off to Paris to study at the Lycée, whose quote, we begin our journey on this Paper. And 
Now For Something Completely Different: François-Auguste-René Rodin’s “The Thinker” sits silently constipated, 
unaware he’s about to be squished by Monty’s Big Foot as Stephen Hawking exits the furore… Meanwhile, a 
dreamy Sir Roger Penrose looks up to the heavens, adopting The Thinker’s pose and contemplating The Meaning 
of Life through the lens of THE FIFTH STATE 
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