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Status, scope, and notation

This document is the consolidated physics edition of the Theory of Everything (TOE) developed in the preceding
discussions. This is pure physics: the proposed ontology, spacetime and field structure, particle computation, graviton
computation, emergent time, wormholes, cosmology, stellar evolution, and the Omega Inversion Principle.

The central statement, ALL IS EPISTEMIC, is treated as the sole ontological assumption. It is not presented as an
experimentally established fact. Everything else is either established physics used as a constraint, a mathematical
construction chosen to implement the assumption, or a conjecture that must be tested.

ESTABLISHED PHYSICS

The Standard Model is the experimentally successful quantum field theory of the electromagnetic, weak, and strong interactions and
their known matter content. General relativity is the experimentally successful classical theory of gravitation as spacetime geometry.
A TOE must recover both as appropriate low-energy limits rather than casually replacing them with vocabulary.

TOE CONJECTURE / MODEL HYPOTHESIS

The epistemic field, the five-state spin-2 graviton qdit, the operational emergence of time from measure, and the Omega Inversion
Principle are speculative elements of this TOE. They are separated from established physics throughout.

GEOMETRIC BASELINE FOR THIS EDITION

The observed 3+1-dimensional spacetime is the baseline description. Whether spacetime geometry is fundamental or emerges from a
deeper relational state structure remains an open TOE question.

Conventions

Metric signature: (—+++). Four-dimensional spacetime indices are y, v, p, 0 =0, 1, 2, 3. Repeated indices are summed.
Unless stated otherwise, c, 7, G, and kB are explicit; selected quantum-gravity and field-theory subsections use natural
units ¢ = # = 1. The spacetime metric is gpv, its inverse is guv, and Vp denotes the metric-compatible covariant derivative.
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Editorial note: this edition consistently uses the observed 3+1-dimensional spacetime baseline. The chapter sequence is
retained, while the graviton, black-hole, and wormhole discussions are expanded and their equations and cross-references
are checked for consistency.
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1 Assumption O: ALL IS EPISTEMIC

1.1 The primitive statement
EPISTEMIC INTERPRETATION

AO0: Reality is epistemic. The fundamental physical content is the network of distinctions, relations, constraints, and state transitions
through which physical states are distinguishable. “Epistemic” does not mean human-made or mind-dependent; it means relationally
distinguishable state.

The usual scientific direction begins with an assumed physical world and asks what can be known about it. AO reverses the
explanatory direction: start from physically meaningful distinctions and derive the stable structures normally called
geometry, fields, particles, clocks, thermodynamics, and observers.

The methodological consequence is simple:

REALITY VETO
The theory may be elegant. Reality gets the veto.

1.2 Epistemic state space

Let S denote the total physical state space and let p € § denote a state. A generalized measurement is represented by a
positive-operator-valued measure (POVM) {E.}, where E, > 0 and Z, E. = I. Two states are physically distinguishable if at
least one allowed measurement separates their outcome probabilities:

p # o0 = 3{E,}, a such that Tr(E.p) # Tr(E,0).

This definition is operational: it does not require that a human observer perform the measurement. For quantum states, the
admissible measurement structure is part of the physical theory.

1.3 The intended chain

state distinctions — relations and constraints — stable dynamics — effective fields and geometry — observable
structures

The reverse direction is equally important: every stable physical structure stores, propagates, or transforms distinctions. In
the TOE interpretation, epistemology is not merely a human activity layered on top of a completed universe. It is a
candidate organizing description of the physical relations that make states and their transitions distinguishable.

The arrows in this chain are research obligations, not established deductions from A0 alone. Each must eventually be
translated into a mathematical map with specified assumptions, dynamics, and observables.
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2 Spacetime, geometry, and the relational arena

2.1 The observed spacetime baseline

The empirically successful large-scale arena is four-dimensional spacetime with three extended spatial coordinates and one
temporal coordinate. In General Relativity its local geometry is represented by a Lorentzian metric guv(x). This
monograph takes that 3+1-dimensional description as the baseline; it does not postulate a larger number of spatial
dimensions.

M =~ Ms,;, ds?=guv(x) dxu dxv.

The TOE hypothesis concerns the interpretation of this arena: spacetime geometry may be an effective representation of
deeper distinctions, relations, and physical state transitions. That idea is not needed to use the metric operationally, and it
does not supersede the experimental success of General Relativity.

SCOPE

Spacetime fields and actions are formulated on the observed 3+1-dimensional arena. Quantum state spaces are defined separately
from spacetime geometry and do not, by themselves, specify new spacetime structure.

2.2 Geometry as a relational description

The metric defines invariant intervals, causal cones, proper time, and the local structure needed to formulate physical field
equations. Curvature encodes how neighboring geodesics and local inertial frames fit together. These are established
mathematical features of General Relativity.

Tppv = %2 gpo(dugov + dvgou — dogpv),
Rp{}opv = dul'pve — dvlpuo + Ippalave — I'pvalapoe.

The epistemic interpretation asks whether these geometric objects can be reconstructed from relations among physical
states. A valid reconstruction must recover Lorentzian signature, local Lorentz invariance, causal propagation, and the
observed Einstein equations in the regimes where General Relativity works.

2.3 The unresolved question

The number of dimensions in the operational spacetime description is established by how physical events and fields are
modeled and measured. Whether geometry is ontologically primitive or emergent is not settled by A0. A successful TOE
must specify the microscopic state space, the relational data from which the metric is defined, the dynamics of that data,
and a demonstrable route back to the observed 3+1-dimensional geometry.

Adopting the observed 3+1-dimensional spacetime baseline simplifies the arena, but it does not itself solve quantum
gravity. The burden remains on the proposed graviton state space, the microscopic dynamics, and the derivation of the
effective spacetime metric.
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3 General Relativity as the classical geometric limit

3.1 Geometry

A spacetime geometry is specified locally by a Lorentzian metric gpv. The metric determines the Levi-Civita connection,
the Riemann tensor, the Ricci tensor Ryv, and scalar curvature R. The Einstein tensor is

Guv = Rpv — %2 R gpv.

The contracted Bianchi identity gives VpGpv = 0. This geometric identity is central to the consistency of the gravitational
field equation and implies local covariant conservation of the total stress-energy tensor when the matter equations hold.

3.2 Einstein-Hilbert action
S = (c3/161G) [ d*x V—g (R — 2A) + Sp.
Stationarity under metric variation gives the Einstein field equation:
Guv + Aguv = (8nG/c*) Tuv.

The Bianchi identity implies VpTpv = 0 for a consistently coupled matter sector. In this monograph, General Relativity is
the experimentally tested classical geometric limit that the proposed microscopic theory must recover.

3.3 Geodesics and proper time
For a timelike worldline xp(A), the invariant proper time is
c?2dt® = —guvdxudxv  (signature —+++).
Free-fall motion follows a geodesic when nongravitational forces are negligible:
d?*xp/dt? + T'puv (dxp/dt)(dxv/dT) = 0.

The TOE hypothesis concerns the microscopic interpretation of proper time, not the validity of the measured relativistic
quantity itself.

3.4 Linearized gravity

Set gpv = nuv + hpv with [hpv| << 1. Define h = nuvhpyv and the trace-reversed perturbation hyv = huv — ¥npvh. In Lorenz
gauge, dphpv = 0, the linearized field equations take the form

o hpv = —(16nG/c*) Tpv.

In vacuum, Ohpyv = 0. The transverse-traceless radiative sector has two independent tensor polarizations. These two
radiative modes form an essential infrared target for any microscopic graviton hypothesis.

3.5 Newtonian limit

For a weak, slowly varying field, write g, , ® —(1 + 2®/c2). The leading field equation reduces to Poisson’s equation; the
TOE must recover this standard weak-field limit:

Vi) =4nGp, a=-Vo.
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4 Special Relativity — the Lorentz machinery

4.1 Minkowski interval
In an inertial frame, the flat-space interval is

ds? = —c?dt? + dx* + dy? + dz%
A Lorentz transformation A preserves the Minkowski metric:

A™A=mn, n=diag(-1,1,1,1).

4.2 Standard x-boost
For relative speed v along the x-axis, B = v/c and y = 1/V/(1-[):
t'=y(t—vx/c), X =yx-vt), y=y, 7=z
The inverse transformation is obtained by replacing v with —v. The invariance of ds? gives the transformation its physical
meaning.
4.3 General three-vector boost
For a boost with velocity vector v, the time and spatial components transform as
t' =y(t—vx/c?),
X' =x+ ((y—1)/v3)(vx)v — yvt.
The transformation preserves the light cone and the invariant interval. The coordinates of an event are frame-dependent;

the spacetime interval is not.

4.4 Rapidity and composition

For a collinear boost define rapidity ¢ by 8 = tanh ¢. Then y = cosh ¢ and yf3 = sinh ¢. Collinear boosts compose by
addition of rapidities:

b12 = b1 + P2

This compact form makes clear why relativistic velocity addition differs from ordinary Galilean addition.

4.5 Time dilation, length contraction, simultaneity
At=vyAt, L=Lo/y (forlongitudinal length measured in the specified frames).
Events simultaneous in one inertial frame need not be simultaneous in another. Length contraction applies to lengths

measured simultaneously in the observer’s frame; proper length and coordinate length are not interchangeable.

4.6 Velocity transformation
For collinear velocities u and v:
u'=@u-v)/(1—uv/c?.
The parallel component follows the same fractional-linear relation. Perpendicular components transform with the

corresponding Lorentz factor and denominator; all physical velocities remain below c for massive objects.

4.7 Energy and momentum
E?=p%c* + m?c*, pu=(E/c,p).

For a boost in the x-direction, E' = y(E — vp,) and p’x = y(px — VE/c?); the transverse momentum components are
unchanged.
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4.8 Lorentz transformation of electromagnetic fields
The electromagnetic field tensor transforms as a rank-two tensor:
F'uv = Ap{}p Av{}o Fpo.

The electric and magnetic fields mix under boosts, but Maxwell’s equations retain their covariant form. Special Relativity
is the kinematic framework that any relativistic graviton model must respect.
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5 Mechanics, action, and classical field theory

5.1 Euler-Lagrange equations
For a mechanical system with generalized coordinates g; and Lagrangian L(q, d, t), stationarity of the action gives
d/dt (0L/dq;) — dL/dq; = 0.
For a field ¢ with Lagrangian density -/
ou[0L/d(0nd)] — dL/dd = 0.
The action principle is a compact way to encode dynamics and conservation laws. A candidate TOE must supply an action

or another complete dynamical rule from which its observable consequences can be computed.

5.2 Hamiltonian form
pi=0L/0d;, H=2Zipdi—L,
di=0H/dp;, pi=—0H/0q;
The Hamiltonian formulation is especially useful for quantization because it identifies states, constraints, and generators of

evolution.

5.3 Newtonian mechanics
F=dp/dt, F=ma (constantmass), Ej=%mv2

The Newtonian description is an accurate approximation in its domain of validity. The TOE must recover it where speeds
are small compared with c and gravitational fields are weak.
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6 Quantum mechanics and quantum field theory

6.1 Quantum dynamics
ihalW)/0t=HIP), WD) = Ultte) W(to)).
For a time-independent Hamiltonian, U(t) = exp(—iHt/#). Unitary evolution preserves inner products and total probability
for a closed system. A microscopic TOE must state which degrees of freedom form its Hilbert space and how its evolution
law acts on that space.
6.2 Born rule and density matrices
P(@) = (Y|Ea|y) = Tr(pEa), p=0, Trp=1.

Pure states satisfy p2 = p; mixed states generally do not. A general quantum channel is

E(p) = L KipKit,  Zp KK =1L
The density-matrix formalism is especially relevant to the proposed graviton qdit because it makes coherent
superpositions, mixtures, and subsystem correlations explicit.
6.3 Path integral

(a_ft_fla_it i) = [Dq exp(iS[q]/h).
The path integral sums amplitudes over histories weighted by the action. Its gravitational analogue is subtle because one

must specify the integration domain, gauge fixing, constraints, and quantum measure.

6.4 Relativistic wave equations
(o + m?c?/a*) @ = 0 (Klein-Gordon, flat-space scalar field),

(ihypop — mc)y = 0 (Dirac equation, standard convention).

The relativistic wave equations combine quantum dynamics with Lorentz covariance. A quantum-gravity proposal must
reproduce the appropriate relativistic field equations in the regimes where they have been tested.
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7 Electromagnetism and the Standard Model

7.1 Maxwell equations
In differential form and in the absence of magnetic monopoles, the electromagnetic field tensor obeys
OuFuy = peJv,  duFuv =0 (with convention-dependent index placement).

Equivalently, the field equations express Gauss’s law, the absence of observed magnetic-monopole sources in the standard
formulation, Faraday induction, and the Ampére-Maxwell law.

7.2 Yang-Mills theory
Fuv® = dpAv? — ovAp® + gf*P ApPAvS,
LYM = =¥ Fuv@Fpv.

Yang-Mills theory generalizes gauge dynamics to non-Abelian symmetry groups. Gauge symmetry constrains how fields
transform; it is not simply a relabeling convention once interactions and quantum amplitudes are specified.

7.3 Gauge group and field content

The Standard Model gauge group is SU(3)C x SU(2)L x U(1)Y. There are six quark flavors in three generations, six
charged-lepton/neutrino flavors across three generations in the conventional field content, gauge bosons for the strong and
electroweak interactions, and the Higgs field. Observed neutrino oscillations require neutrino masses. The minimal original
Standard Model field content does not itself provide the observed neutrino mass mechanism, and the Standard Model does
not include a quantum theory of gravity.

7.4 Standard Model Lagrangian in compact form
LSM = =% G*uvGiuv —%4 Wi;uvWipv —%4 BuvBuyv

+ 2f Yf iyuDpyf + (DuH)+(DuH) — V(H) — LYukawa.
The exact Yukawa structure and matter representations are omitted here only for compactness; they are fully specified in
standard presentations of the Standard Model. Electroweak symmetry breaking gives, at tree level, mW = gv/2 and mZ =
vV(g2+g'2)/2.
7.5 Neutrino mass
One effective-field-theory extension is the dimension-five Weinberg operator, schematically

Ls o (LH)(LH) /A + h.c.

Alternatively, one can introduce right-handed neutrinos and Dirac masses, or other neutrino-mass mechanisms. A TOE
must reproduce measured oscillations and the resulting nonzero mass splittings.
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8 The epistemic field |

8.1 Field hypothesis

The candidate field I(x) represents the local state or density of epistemic structure. It is not introduced as an additional
substance; it is a field representation of relational distinguishability. In this edition, I is formulated directly as a field on
observed 3+1-dimensional spacetime.

A minimal covariant candidate action is
S; = [ d*x V—g [~ YaguvVulVvl — V(I) — %E2R + JiI].
With the sign convention used here, variation with respect to I gives
ol — V/(I) — ERI + J; = 0.

TOE CONJECTURE / MODEL HYPOTHESIS

This is a concrete candidate realization of the I-field idea, not a recovered law of established physics. The potential, source term,
nonminimal coupling, quantum completion, and empirical status of I must be derived or tested.

8.2 Stress-energy contribution
For minimal coupling, the scalar stress-energy tensor has the form
Tuv® = VIVl — guv[%(VD)? + V(D).
A four-dimensional geometric equation including this candidate sector may be written schematically as
Guv + Aguv = (8nG/c*)[Tuvimatter’ + Tuv® + Tpvlother’].

Nonminimal coupling changes the effective stress-energy and may move curvature-dependent terms to the gravitational
side of the equation. The theory must state its convention consistently.

8.3 The missing derivation

A physically meaningful I-field needs a well-defined state space, a covariant source, renormalization, stable dynamics, and
an observable distinction from ordinary fields or a mere change of variables. It must not be introduced only to absorb
unexplained residuals. A candidate coupling that can be written down is a starting point, not evidence that the field exists.
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9 Fundamental particles as computation

9.1 The computational reinterpretation

Quantum field theory says that particles are excitations of fields and that interactions transform quantum states. The TOE
reinterprets lawful state transformation as physical computation. This is an ontological reading of standard dynamics, not a
claim that particles are miniature silicon processors.

9.2 Local quantum state as a register
A finite-dimensional state is
W) =Zia)i), Zilal?=1.
Unitary dynamics is
W) ~»Uly), UtU=L

A local state space of dimension d has Hilbert-space dimension d, and a useful logarithmic state-space measure is C_d =
log,d. This is not a claim that a qudit contains log,d classical bits or that a state-space dimension automatically represents
stored, accessible classical information.

9.3 Interaction as gate
For an interacting subsystem
U_int(At) = T exp[—(i/h) [ H_int(t)d1].

For an open subsystem the general completely positive trace-preserving update is p » £,K,pK,T. In TOE language, an
interaction is a local physical gate acting on relational state, provided the gate is derived from a physical interaction
Hamiltonian rather than assigned by metaphor.

9.4 Thermodynamic floor
Q=kBTIn 2.

The Landauer bound is the minimum heat dissipated in an idealized logically irreversible erasure of one bit at temperature
T. It connects information processing to thermodynamic cost, but it does not by itself prove that the universe is a digital
computer.
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10 The graviton as a five-state spin-2 qdit

This chapter expands the graviton hypothesis and separates conventional spin-2 field theory from the TOE’s additional
computational interpretation. The distinction is essential: the number of standard polarization states depends on whether
the spin-2 particle is massless or massive, whereas a five-level internal quantum register would be an additional
microscopic claim.

10.1 The established spin-2 baseline

In perturbative General Relativity, write the metric as gpv = guv + khpv, where guv is a background metric and hpv is a
small perturbation. In a regime where quantization of the linearized field is meaningful, the graviton is the hypothetical
quantum of that metric perturbation. Classical gravitational waves have been observed, but an individual graviton has not
been directly detected.

The physical degree-of-freedom count follows from the relevant representation and constraints:

Spin-2 case Physical states Interpretation

Massless in 3+1D 2 helicities: A = +2 and A = -2 The radiative sector of standard General Relativity.

The five-dimensional spin-2 representation in the
massive particle’s rest frame.

Massive in 3+1D 5 spin projections: m = -2, =1, 0, +1, +2

The massless and massive counts must not be conflated. The massless little group and its gauge constraints leave two
radiative helicities. A massive spin-2 particle admits five physical polarizations. A five-state register is therefore naturally
suggested by the massive spin-2 representation, but that fact alone does not show that the fundamental graviton is a qdit.

10.2 The five-state TOE hypothesis

TOE CONJECTURE / MODEL HYPOTHESIS — H3

The fundamental gravitational excitation is proposed to carry a five-state quantum degree of freedom. The intended state space is Hg
=~ C5, with a normalized state |{/g) = ¥ =—»2 a,jm) and T a2 = 1.

[Pg) = a_|—2) + a_1|—1) + ao|0) + a,1|+1) + a,|+2).
If these basis states are the usual spin projections of a massive spin-2 representation, then
J?|2,m) = h?-2(24+1)|2,m) = 6A%|2,m),  ]z|2,m) = mh|2,m).

That is the standard representation-theory interpretation. The TOE’s additional step is to interpret the five-dimensional
state space as a microscopic computational degree of freedom: a qdit with coherent amplitudes, measurable correlations,
and lawful state transformations.

The present baseline keeps two possibilities distinct rather than pretending the ambiguity has been solved. In a polarization
interpretation, the five levels correspond to the five states of a massive spin-2 particle. In an internal-register interpretation,
the qdit is a five-level microscopic state space while the observable low-energy massless graviton still has only helicities
+2. The latter avoids declaring three extra long-range massless polarizations, but it requires a genuine Lorentz-consistent
microscopic construction.

10.3 The massless infrared limit

The low-energy observable sector must recover the two-helicity massless spin-2 field of General Relativity. In the internal-
register interpretation, the extra qdit levels do not appear as extra massless gravitational-wave polarizations. Their
dynamical role must instead be specified through microscopic operators, transition rules, constraints, or inaccessible high-
energy sectors.

hpv(x) = ZAhA(x) epv(x), A € {—2,42} (massless radiative sector).

If a massive spin-2 implementation is used, the three additional polarizations must be handled consistently. They cannot
simply be deleted by notation. Their effects must decouple, become unobservable in the relevant regime, or be managed by
a complete consistent theory.
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NON-NEGOTIABLE RECOVERY TEST

The measured gravitational-wave sector remains consistent with the two tensor polarizations of General Relativity. A TOE qdit
interpretation is not permission to claim extra observed polarizations without evidence.

10.4 Fierz—Pauli as the free massive template

At quadratic order, the Fierz—Pauli Lagrangian provides the standard free massive spin-2 template. With h = nuvhpv and
natural units c = 7 = 1, one common sign convention is

LFP = —%0AhpvdAhpv + dphpvdihAv — dphpvdvh
+ %0 AhoAh — ¥amg?(hpvhuv — h?).

The specially tuned mass combination hpvhpv — h? removes the unwanted sixth scalar mode at the linear level, leaving five
physical massive spin-2 polarizations in four dimensions. A generic mass term does not enjoy this property.

The Lagrangian is a template, not the microscopic TOE action. A proposed fundamental qdit needs a mapping between its
five-level state space and the tensor field, its Lorentz transformation properties, its constraints, its Hamiltonian, and its
interactions. Writing a Fierz—Pauli quadratic action does not determine that mapping.

10.5 Coupling to matter and the gravitational field
A conventional linear coupling to a conserved matter stress-energy tensor is
Lint = —(x/2)hpvTpy,  k=V(32nG) (natural units).

When c is explicit, the coupling constant carries the corresponding powers of c so the interaction density has consistent
units. The source tensor must obey the conservation conditions required by the spin-2 gauge symmetry or massive-field
constraints.

For a quantum matter state and graviton subsystem, a closed joint evolution may be written
pm ® pg - Uint(pm ® pg)Uintt,  Uint = T exp[—(i/A) [ Hint(t)dt].

If unobserved environmental or field degrees of freedom are traced out, the effective update of the accessible subsystem is
generally a quantum channel rather than a unitary map on that subsystem alone. This distinction matters for any proposed
qdit computation.

10.6 The five-level operator algebra and the 1 + 24 correspondence

A five-level Hilbert space has a 25-dimensional complex operator space End(C?®). Hermitian operators form a 25-
dimensional real vector space: one identity operator plus 24 linearly independent traceless Hermitian operators. The same
count appears in the representation identity

C° ® (C>* =1 24 under the adjoint action of SU(5).

Equivalently, the identity accounts for the overall scalar component, while the 24 traceless generators span the Lie algebra
su(5). With generators TA normalized by Tr(TATB) = 46AB, a five-level density matrix can be expressed as

pg=1I5/5+2A,**TATA, Trpg=1 pg=0.

The 24 real coefficients rA are constrained by positivity; they are not 24 unconstrained classical bits. The expression is a
representation of a quantum state, not a count of spatial directions.

IMPORTANT DISTINCTION

The 1 + 24 operator decomposition is a mathematical property of a five-state system. It does not establish a physical SU(5) gauge
symmetry or 24 propagating fields; those would require separate dynamics and evidence.

10.7 Candidate dynamics for the 24 traceless components

A candidate effective interaction can be written schematically as
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Hint = g ZA_,** TA ®A(X).

Here ®A(x) would have to denote actual fields or operators that transform consistently with the qdit algebra and spacetime
symmetries. The equation is only an ansatz until the fields, their Lorentz character, reality conditions, dimensions, kinetic
terms, and couplings are specified and derived. The existence of 24 generators alone does not create 24 physical bosons.

A stronger TOE construction would identify a preferred operator basis, define how it transforms under physical
symmetries, derive a Hamiltonian that preserves unitarity, and calculate at least one state-dependent observable that differs
from ordinary General Relativity or quantum field theory.

10.8 Why a five-state qdit is not automatically an SU(5) unified gauge theory

SU(5) appears naturally as a convenient algebra acting on a five-dimensional complex vector space. That mathematical
convenience must not be confused with the SU(5) grand-unified gauge model, which is a specific physical theory with its
own gauge fields, matter representations, symmetry-breaking pattern, and phenomenological constraints.

The qdit algebra is an algebra on the proposed five-level state space. Spacetime remains 3+1-dimensional in this edition.
Whether an SU(5)-type symmetry has physical status is an open question.

10.9 Nonlinear consistency, ghosts, and the massless limit

A free massive spin-2 field with the Fierz—Pauli mass term is consistent at linear order, but generic nonlinear completions
introduce an additional unwanted degree of freedom known as the Boulware—Deser ghost. Ghost-free nonlinear massive-
gravity constructions exist under specific potential structures; this does not mean every massive spin-2 model is ghost-free.

The massive-to-massless limit also requires care. In linear Fierz—Pauli theory, the van Dam—Veltman—Zakharov
discontinuity shows that the m_g — 0 limit does not simply reproduce all predictions of massless General Relativity for
conserved sources. In some nonlinear completions, the Vainshtein mechanism can change the relevant regime. A TOE
must derive its own consistent limit; it cannot invoke decoupling as a slogan.

In curved backgrounds, massive spin-2 fields must also satisfy background-dependent stability and unitarity conditions.
For example, de Sitter space has a special lower bound on the mass of a massive spin-2 field associated with its helicity-
zero mode. That particular bound is not the same as the anti-de Sitter scalar BF bound. The correct constraints depend on
the background and field content.

10.10 Graviton as a mediator of relational geometry

In perturbative General Relativity, the metric determines invariant intervals, null cones, geodesics, and curvature. The
graviton is the quantum associated with perturbations of that geometry in a perturbative regime. In the TOE interpretation,
the proposed qdit is intended to encode or transform relational structure from which the effective geometric description
arises.

This interpretation does not mean a graviton simply transports a classical picture of geometry, nor does it imply that
geometry is reducible to one local quantum register. A microscopic theory must specify the relevant subsystems,
constraints, correlations, and coarse-graining map. Any relation between entanglement and emergent geometry remains
model-dependent unless derived for the actual TOE dynamics.

10.11 Lensing, wormholes, and transport

Gravitational lensing is already described by the propagation of light through curved spacetime. A qdit extension is
scientifically useful only if it reproduces conventional lensing and provides a calculated, distinguishable correction—for
example, in a well-defined phase, polarization, dispersion relation, or correlation observable.

A wormhole transport operator can be used as a schematic map between endpoint subsystems, but it does not establish that
a wormhole solution exists or is traversable. The full geometry, energy conditions, backreaction, gauge constraints, and
causal structure must be solved before a qdit transmission channel can be assigned a physical capacity.
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10.12 The dark-sector hypothesis

One research conjecture is that otherwise unobserved gravitational-sector degrees of freedom could contribute to
phenomena currently described as dark matter or dark energy. A viable proposal would need to derive long-lived states,
their stress-energy, their abundance, their clustering or homogeneous behavior, and their couplings to visible matter from a
specified 3+1-dimensional microscopic dynamics.

The 24 traceless qdit operators might provide a convenient basis for organizing candidate internal channels, but there is
currently no derivation identifying particular components with dark matter or dark energy. Such a naming exercise would
not count as evidence. The model must reproduce gravitational lensing, structure formation, cosmic expansion, and
existing limits on nongravitational interactions using one consistent parameter set.

10.13 Experimental status and falsifiability

Gravitational-wave measurements test the propagation speed, waveform phase, polarization content, and consistency of the
strong-field predictions of General Relativity. Current LIGO-Virgo-KAGRA test programs continue to find the measured
signals consistent with General Relativity within the tested uncertainties; the published analyses report no convincing
evidence for additional polarization content or other deviations in those tests.

No direct detection of a single graviton has been reported. The five-state qdit therefore remains a TOE hypothesis, not an
established particle property. Viable tests must be quantitative: a predicted additional degree of freedom, a definite
dispersion law, a state-dependent correlation, or another observable deviation with a fixed relation to independently
constrained parameters.

e Recover the two observed tensor polarizations and standard gravitational-wave propagation in the current
observational regime.

e Specify the microscopic five-level Hilbert space and its relation—or explicit non-identity—to the five polarizations of
a massive spin-2 field.

e Demonstrate unitarity, gauge/constraint consistency, and absence of unphysical ghost degrees of freedom.

e Derive a calculable qdit observable that differs from standard theory and state the experimental regime in which it
could be tested.

e Publish null predictions as seriously as positive ones; a parameter bound that excludes the proposal is a valid result.

10.14 Graviton decision ledger

Statement Status

Massless GR waves have two radiative tensor polarizations. Established GR prediction; supported by gravitational-wave tests.

A conventional massive spin-2 particle has five physical polarizations. Established representation-theory result, subject to a consistent field theory.
The fundamental graviton carries a five-level computational register. TOE conjecture; not experimentally established.

The five qdit levels are identical to the five massive-spin-2 polarizations. One possible interpretation, not yet selected or derived.

Mathematical result; not a count of physical fields or

The traceless five-level operator algebra has 24 generators. sp atial directions.

Open research hypothesis; requires derived dynamics and distinctive

The qdit generates dark-sector phenomena or emergent geometry. .
qaitg P sent g y predictions.

The central requirement is not to protect the five-state idea from its difficult interface with established spin-2 physics. It is
to define that interface precisely enough that the equations can either support it or veto it.
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10.15 Strong-field gravity and black-hole ringdown

A useful strong-field consistency test is to perturb a classical black-hole solution rather than invent a separate geometry.
Write gpv = guv(BH) + hpy, with hpv small outside the regime where linear perturbation theory fails. In standard General
Relativity, the perturbed field equations determine the quasinormal-mode spectrum of the remnant and the damped
waveform observed during ringdown.

h(t) = A e*(—t/1) cos(wRt+ @), wlmn = (c*/GM) - dImn(Y),

Here A is a mode amplitude, T is a damping time, @R is the real oscillation frequency, and «lmn is a dimensionless mode
frequency fixed by the angular labels 1,m, overtone n, and dimensionless spin x = cJ/(GM?) in the vacuum Kerr
idealization. The scaling with c3/(GM) follows from dimensional analysis once mass and dimensionless spin are the only
black-hole parameters. Actual mode calculations determine the dimensionless coefficients; dimensional analysis alone
does not.

The qdit hypothesis must recover the established spectrum to current accuracy before it can claim any correction. A viable
deviation would need to predict, from the same dynamics, a definite shift in a mode frequency or damping time, a new
allowed correlation, or another observable effect. A fitted discrepancy without an independently specified model is not a
prediction. Current gravitational-wave tests provide stringent constraints on such departures [14].

10.16 From operator algebra to a measurable quantity

The 24 traceless Hermitian operators provide a basis, not a catalogue of 24 particles. For generators normalized by Tr(TA
TB) = %8AB, write a traceless candidate observable as O = £A oA TA and the density matrix as pg = 15/5 + XA rA TA.
Then the algebraic expectation value is

(0) =Tr(pg O) = % XA A oA.

This identity is a check on the operator bookkeeping, not a new physical prediction. It becomes physically meaningful only
when a dynamical model computes the state coefficients rA, identifies O with a measurable apparatus or field observable,
and predicts how the expectation changes under a controlled condition. Positivity of pg also constrains the allowed rA
jointly; they cannot be chosen as 24 independent arbitrary numbers.

This provides a minimal research target: define the preparation procedure, the evolution law, the observable, the predicted
numerical result, the dominant backgrounds, and a null test. If the five-state model supplies no result distinguishable from
standard quantum field theory or General Relativity, the algebra alone adds no explanatory or empirical content.
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11 Time as a byproduct of measure

11.1 Operational time

The TOE explanatory reversal is that time is not a primitive container in which events occur. Instead, measurable time is
hypothesized to be the ordered accumulation of invariant physical updates. Let N denote a cumulative measurement count
along a history and t* a characteristic operational interval. Then

dt = tx dN.
More generally, for a path parameter A:
dt/dA =t~ dN/dA

EPISTEMIC INTERPRETATION

Proper time is an established relativistic quantity. The TOE hypothesis concerns its microscopic interpretation: proper time may be
the continuum limit of an invariant ordered measure process.

11.2 Measurement density
rM(A) =dN/d2,  T(D) — t(Ao) = T JAA rM(A)dN'.
The physical task is to derive rM from microscopic state dynamics. Defining a measure count is not enough; the theory

must specify which transitions count, how the count is invariantly defined, and how it recovers clock comparisons.

11.3 Relativistic recovery condition
c?dt?® = —guvdxpdxv,  dt = dtV(1-v?/c?) (Minkowski space).

Any microscopic measure process must reproduce time dilation and the invariant relation between proper time, spacetime
geometry, and measured clock readings.

11.4 Quantum evolution with emergent time
The conventional unitary operator U(t) = exp(—iHt/%) becomes, in TOE notation, a path-dependent evolution:
Ulyl =T exp[—(i/m) [y Hdt], ©=t*N[yl.

The standard time-dependent Schrédinger equation must be recovered in the continuum limit. The relationship between N,
1, and the physical Hamiltonian remains a research obligation.
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12 Omega Inversion Principle

12.1 Unity and indistinguishability

Let IT denote a partition of the physically distinguishable state space. The maximally undifferentiated state is represented
by the one-class partition ITQ = {Q}. There are no internal classes to distinguish, so a nontrivial measurement functional
vanishes:

[NI=01IQ =>D=0= M=0.

12.2 OIP statement
TOE CONJECTURE / MODEL HYPOTHESIS
Omega Inversion Principle (OIP): the emergent physical branch originates as an inversion away from maximal undifferentiation. OIP

is not standard time reversal, CPT, or an established cosmological law. It is the TOE hypothesis that the explanatory arrow from unity
to structured reality is the inverse of complete identification.

unity — no distinction — no measure —OIP— distinction = measure — structure.

12.3 Minimal mathematical realization

Introduce a nonnegative distinguishability functional D[p] with D[pQ] = 0. The emergent branch is characterized by dD/dt
> 0 only as a proposed branch condition. A dimensionless order parameter may be defined by q € [0,1), with ¢ = 0 at Q
and q > 0 after inversion.

A real theory must derive q, D, and their dynamics rather than merely naming them. It must also explain how a branch
condition can be reconciled with reversible microscopic evolution, entropy production, and the observed arrow of time.
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13 Cosmology

13.1 FRW metric
For homogeneous and isotropic cosmology, the Friedmann—Lemaitre-Robertson—Walker line element is
ds? = —c?dt? + a?(v)[dr?/(1—kr?) + r*dQ?].

The Hubble parameter is H = a/a.

13.2 Friedmann equations
H? = (81G/3)p — ke?/a® + Ac?/3,
d/a=—(4nG/3)(p + 3p/c*) + Ac?/3,
p+3H(p + p/c®) =0.

For an equation of state p = wpc?, conservation gives p o a 34" for constant w.

13.3 TOE cosmogenic interpretation

The standard cosmological sequence contains an early hot dense state, expansion, nucleosynthesis, recombination,

structure formation, and later stellar evolution. The TOE adds the conjecture that the initial condition is related to the Q

boundary: maximal identification gives way, through OIP, to increasing distinguishability and effective structure.
RESEARCH REQUIREMENT

A TOE must do more than rename the Big Bang. It must derive a viable initial condition or attractor, expansion, particle production,
the primordial perturbation spectrum, and the observed thermal history from its microscopic equations.
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14 Black holes

14.1 Schwarzschild geometry
Outside a static, uncharged, spherically symmetric mass M, the Schwarzschild line element is
ds? = —(1-2GM/c?r)c?dt* + (1—2GM/c?r)~*dr? + r?dQ2.

The Schwarzschild radius is rs = 2GM/c2. The coordinate singularity at r = rs is removable in suitable coordinates; the
event horizon is a causal boundary.

14.2 Kerr geometry: key scales
For angular momentum J define a = J/(Mc). In Boyer—Lindquist coordinates, the horizon radii are
r+ = GM/c? + V[(GM/c?)? — a?].

The Kerr solution describes an uncharged rotating black hole. Regular horizons require the parameters to satisfy the
appropriate subextremal bound.

14.3 Black-hole thermodynamics
The Bekenstein-Hawking entropy-area relation and the Schwarzschild black-hole temperature are
SBH = kB c*A/(4Gh), TH = hc®/(8nGMKB).
The entropy-area law is one of the most important clues that gravity, quantum theory, thermodynamics, and information

share a deeper structure. The TOE interpretation is that gravitational entropy reflects physical constraints on
distinguishable states; this interpretation must be reconciled with semiclassical derivations and the full quantum theory.

For Schwarzschild geometry, the horizon area is A = 4nrs? = 16nG2M?/c*. Substituting this into the area law gives the
equivalent expression SBH/kB = 4nGM?/(%c). These expressions agree algebraically; the entropy is proportional to the
square of the mass, while the Hawking temperature is inversely proportional to the mass.

14.4 Curvature invariant and the true singularity

A coordinate singularity should be distinguished from a curvature singularity by an invariant. For the Schwarzschild
vacuum solution, the Kretschmann scalar is

K = Ruvpo Ruvpo = 48G*M?/(c*r®).

At r = s this invariant is finite, so the Schwarzschild horizon is not a curvature singularity. It diverges as r approaches
zero, identifying the central curvature singularity in the classical solution. This invariant check is stronger than relying on
the appearance of one coordinate expression.

14.5 Rotation, extremality, and parameter checks

For Kerr, define the dimensionless spin x = cJ/(GM?). Since a = J/(Mc), the horizon condition becomes |a] < GM/c?,
equivalently [x| < 1. The equality is the extremal limit; a regular subextremal Kerr black hole has [x| < 1. If |x| exceeds one,
the classical Kerr metric has no event horizon and is not a regular black-hole exterior of the usual family.

The units provide a simple audit: GM/c? and a are both lengths, so the square root in r+ is dimensionally consistent. The
spin parameter ¥ is dimensionless. These checks do not validate a quantum-gravity model, but they catch common
algebraic and unit errors.

14.6 Numerical sanity check and information problem

Using standard constants and a nominal solar mass, a hypothetical nonrotating, uncharged black hole with M = M©® has rs
~2.953 km, TH~ 6.17 x 1078 K, and SBH/kB ~ 1.049 x 1077. Substituting A = 4mrs? into the original entropy formula
reproduces the simplified expression above. The Sun itself is not a black hole; this is a reference-mass calculation.
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Hawking emission is a semiclassical prediction, not a directly measured signal from an astrophysical black hole. For an
idealized Schwarzschild black hole the temperature decreases as mass increases, and the evaporation timescale scales as
M3; detailed lifetimes depend on emitted particle species and greybody factors. These equations must not be extrapolated
uncritically into the final quantum-gravity regime.

The black-hole information problem asks how quantum information is represented in the outgoing radiation if the
underlying quantum evolution is unitary. The area law by itself does not solve the problem. Nor does naming the graviton
a qdit. A TOE must specify its microstates and dynamics and derive an entropy accounting compatible with both
semiclassical gravity and unitary quantum evolution; otherwise the proposed connection to information remains
interpretive.

14.7 Observational constraints and TOE obligations

Astrophysical black-hole masses and spins are inferred from orbital dynamics, inspiral and merger waveforms, X-ray
measurements, and ringdown where the data permit. The July 2026 LIGO-Virgo—-KAGRA summary reports that the tests
in its analysed gravitational-wave sample remain consistent with General Relativity, including tests of waveform
generation, propagation, polarization, and ringdown [14]. This does not prove that General Relativity is complete; it
restricts the space in which a replacement or extension can differ.

The TOE must recover the Kerr predictions in the tested regime before claiming quantum corrections. Any black-hole-
specific qdit or epistemic-field effect needs a fixed equation, parameter set, observable, expected magnitude, uncertainty
budget, and comparison against astrophysical systematics. “Information is involved” is not itself a measurable prediction.
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15 Wormholes

15.1 Morris—Thorne geometry
In geometrized units, a static spherically symmetric traversable-wormhole ansatz is
ds? = —e2d(r)dt? + dr?/[1-b(r)/r] + r’dQ2.

A throat at r =1, obeys b(r,) =1, and b'(r,) < 1. Traversability requires a finite redshift function ® at the throat and
additional global regularity and causal conditions.

15.2 Energy condition constraint
For the standard static traversable class, the throat condition implies
p+ pr<0 (in geometrized units, at or near the throat).
This represents a violation of the null energy condition in ordinary General Relativity realizations. The need for suitable
stress-energy or modified dynamics is a major physical constraint.

ESTABLISHED PHYSICS

No traversable wormhole has been established observationally. Mathematical wormhole solutions exist in General Relativity and
modified theories, but physical support, stability, and causal consistency remain major constraints.

15.3 TOE interpretation

The TOE reads a wormhole as a topological shortcut in physical connectivity. Computationally, it can be represented
schematically as a channel

Cwh: HA QR HB - HA Q HB'.

The existence of such a channel is still determined by the actual field equations, topology, energy conditions, and causal
structure. A qdit transmission operator is not a substitute for solving those equations.

Any shortcut claim must be grounded in a specified spacetime solution. Its stress-energy, global causal structure, and
stability must be derived directly rather than inferred from a schematic information-transfer map.

15.4 Field-equation check at the throat

The geometry is not enough: the Einstein equation fixes what stress-energy would be needed to support it. For the Morris—
Thorne ansatz in units G = c¢ = 1, the throat conditions give

p(ro) + pr(ro) = [b'(ro) — 1]/(87ro*) < 0.

The strict inequality follows from the flare-out condition b'(r,) < 1. It is a local manifestation of null-energy-condition
violation for the standard static, traversable class in classical General Relativity. Restoring units changes the conversion
between geometrized stress-energy and SI stress-energy; the sign requirement is the point of this equation.

A viable construction must also satisfy b(r) < r outside the throat in each exterior region, maintain a finite redshift function
to avoid a horizon, and have acceptable asymptotic behavior. These requirements are independent checks: satisfying the
throat equation alone does not establish a regular, complete, traversable solution.

15.5 Traversability, stability, and causal structure

Traversability is a global property. A proposed solution must allow a traveler or signal to pass through in finite proper time
without encountering a horizon, destructive tidal forces, or a singularity. It must be dynamically stable against the relevant
perturbations, and the stress-energy supporting the throat must arise from a physically specified classical or semiclassical
theory. A stress tensor reverse-engineered from a chosen metric is not, by itself, evidence that the required material or
quantum state can exist.
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Negative local energy densities can occur in quantum field theory under restricted conditions, but known quantum
inequalities and backreaction constraints make it unsafe to assume that they can sustain a macroscopic traversable throat.
The literature contains mathematical models with different assumptions; none should be treated as a demonstrated
engineering route. The standard Einstein—Rosen bridge in the maximally extended Schwarzschild solution is not a
traversable shortcut.

A wormbhole shortcut would not make a traveler locally exceed the speed of light. Any effective shortcut would arise from
the global spacetime geometry and must respect the solution’s causal structure. However, relative time shifts between
mouths can raise chronology and closed-timelike-curve problems, so causal consistency cannot be postponed until after a
transport channel is proposed.

15.6 What the epistemic interpretation can—and cannot—add

The channel Cwh is bookkeeping for a possible transfer between endpoint subsystems. It does not create a throat, supply
negative energy, establish stability, or permit information to bypass the geometry’s causal constraints. The order of
derivation matters: solve or specify the spacetime and its stress-energy, analyse perturbative stability and causal structure,
and only then model what quantum state could traverse it.

A falsifiable TOE contribution would be a quantitative relation between specified microscopic dynamics and an observable
such as lensing, time delay, gravitational-wave propagation, or a ringdown feature, with ordinary astrophysical alternatives
accounted for. A candidate signature must be derived before looking at data and must include a null prediction. No
traversable wormhole has been established observationally; this chapter is a discussion of mathematical solutions and
research constraints, not a claim that such objects exist.
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16 Classical stellar evolution

16.1 Stellar structure equations
For a static spherical Newtonian star, the basic structure equations include
dm/dr = 4nr?p, dP/dr = —Gmp/r?,
dL/dr = 4mr?ps,  dT/dr = —3kRpL/(16macT?r?).

The final equation is the radiative-transport temperature gradient in the diffusion approximation. For compact relativistic
stars, the Tolman—Oppenheimer—Volkoff equation replaces the Newtonian hydrostatic balance equation:

dP/dr = —G(p+P/c?)(m+4mnr’P/c*)/[r*(1—2Gm/(rc?))],

dm/dr = 4mr?p.

16.2 Nuclear power
Hydrogen burning can be schematically represented by the net proton—proton-chain result

4p > *He + 2e* + 2ve + Q, E = Amc%

Detailed reaction chains depend on temperature, density, composition, and the stellar mass.

16.3 Sun-like evolution
molecular cloud — protostar - main sequence — red giant — planetary nebula — white dwarf.
The Sun is about 4.6 billion years old and is approximately midway through its main-sequence lifetime. Standard stellar

models predict a red-giant phase in roughly five billion years, followed by loss of the outer layers and a white-dwarf
remnant.

16.4 Massive-star evolution

cloud — massive protostar — main sequence — supergiant — core collapse/supernova — neutron star or black hole.

The final remnant depends on core mass, composition, rotation, mass loss, and binary evolution.

REALITY VETO / FALSIFICATION REQUIREMENT

A TOE that says “stars compute” must still reproduce stellar spectra, hydrostatic equilibrium, fusion energetics, neutrino production,
nucleosynthesis, supernova behavior, and compact remnants. Computation is an interpretation only if conventional observations
survive intact.
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17 Intelligence timeline as physical computation

17.1 The timeline

This timeline is a physical-complexity narrative, not a claim that established physics already possesses a universally
accepted scalar measure of intelligence.

Substrate Computational transition

. . . Elementary quantum state dynamics and local
Quantum fields Field amplitudes . aryq y
interactions.
. . Stable excitations and interaction vertices become
Fundamental particles Quarks, leptons, gauge bosons, Higgs . . .
discrete physical state transitions.
. Collective degrees of freedom create new stable
Nuclei Bound quark states 8
state spaces.
. Long-lived quantized levels store and transform
Atoms Nuclei and electrons §-lived quantiz v
structured state.
. Nonlinear reaction pathways create persistent,
Molecules Chemical networks . P ve p
history-dependent computation.
- . Long-lived nonequilibrium systems process
Stars Gravitationally confined plasma S q Sy P .
nuclear energy and synthesize heavier nuclei.
. Persistent gradients create complex chemical
Planets Geochemistry . 8 p
environments.
. . . State copying, error correction, selection, and
Life Replication and metabolism copying, et . ’ ?
adaptive regulation arise.
. Distributed sensing and feedback turn physical
Nervous systems Excitable cells . sing Py
state into adaptive control.
. High-dimensional memory and model construction
Brains Recurrent neural networks 8 L y
become explicit.
Information becomes transferable across
Language/culture Networked agents . .
generations and populations.
. . . General-purpose programmable state transitions
Electronic computers Engineered devices burpose prog
become intentional.
- . Adaptive inference an ion m rate-
Machine intelligence Artificial models . daptive erence a d action become substrate
independent in principle.
. . An open possibility for intelligence to decouple
Post-biological branch Unknown pen P y 8 P
progressively from carbon-based substrates.

17.2 No teleology is required

The TOE does not require that the universe “want” intelligence. It requires only that increasingly rich physical state
structures can emerge under lawful dynamics, selection, and thermodynamic constraints. Intelligence is treated here as a
possible physical-computational outcome, not as a guaranteed goal of cosmology.
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18 From fundamental computation to classical reality

18.1 Coarse-graining hierarchy

microscopic states — effective quantum fields — classical fields and geometry — chemistry — life — intelligence.

Each arrow is intended to be a mathematically specified coarse-graining, not a metaphor. A complete theory must state
what degrees of freedom are retained, which are integrated out, what approximation is being made, and what observable
errors the approximation permits.

18.2 Candidate master action
A useful master target for a four-dimensional baseline is

STOE = SGR[g] + SSM[g,A,y,H] + SI[g]] + Sg[a,g] + SOIP[S,D] + Sint.

This is a target functional, not yet a closed fundamental action. The microscopic graviton/qdit sector, the source of the
epistemic field, and the mathematical definition and dynamics of the OIP sector remain unspecified. Any added interaction
must be local or otherwise causally well-defined, dimensionally consistent, and compatible with the constraints of the
fields involved.

18.3 Recovery conditions
The low-energy limit must satisfy

Einstein equations + Standard Model dynamics + tested quantum mechanics.

It must also preserve conservation laws, causal consistency, the appropriate gauge constraints, the observed gravitational-
wave polarizations, and the successful weak-field and cosmological limits. A master-action label does not satisfy these
conditions until the actual equations and their solutions demonstrate them.
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19 Thermodynamics, entropy, and information

19.1 Macroscopic laws
dU=6Q—-6W, dS=48Qrev/T, AStotal >0.
The first law expresses energy accounting. The second law constrains entropy change and distinguishes reversible

idealizations from irreversible processes. These laws apply within their relevant thermodynamic setting; microscopic
reversibility and coarse-grained irreversibility must not be conflated.

19.2 Statistical mechanics
S=kBInQ, S(p)=—kBTr(plnp),
H(X) = —Z,p(x)]ogzp(x).

The TOE uses these relations as constraints on any proposed information-based description. It does not assume that
Shannon information, thermodynamic entropy, and gravitational entropy are identical objects in every regime. A claimed
bridge among them must state the relevant ensemble, coarse-graining, physical units, and mapping between state counts
and observations.
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20 Consistency, falsifiability, and reality veto

20.1 Mathematical requirements

A complete TOE must specify a state space, a dynamical law, a constraint algebra, a well-defined vacuum or ensemble,
and an explicit map from microscopic quantities to observables. It must also remain stable and mathematically consistent

under quantization.

20.2 Quantum requirements

The theory must satisfy, as appropriate, unitarity, positivity of physical probabilities, well-defined constraints, and the
applicable anomaly-cancellation and causality requirements. It must reproduce the observed particle spectrum and

interaction strengths.

20.3 Potential experimental signatures

TOE sector

Observable class

What would count as evidence

Spin-2 qdit

Gravitational-wave dispersion, phase, polarization,
or state-dependent correlations

A reproducible deviation predicted quantitatively
by the same qdit dynamics and not absorbed by
standard source/systematic effects.

Five-state operator algebra

Transition amplitudes or correlations associated
with a specified operator basis

A derived, basis-independent observable relation
beyond ordinary quantum field theory—not
merely a count of 24 generators.

Epistemic field I

Precision gravity, clock tests, varying constants,
cosmological observables

Correlated deviations predicted by one action and
a fixed parameter set.

Emergent time

Microscopic clock/quantum-control experiments

A reproducible deviation from standard quantum
or relativistic time evolution with a calculated
parameter dependence.

OIP cosmogenesis

Primordial perturbations, relics, or initial-condition
observables

Distinctive signatures derived from the same
action and distinguishable from standard
cosmological parameters.

Wormhole hypotheses

Lensing, echoes, or compact-object signals

A statistically significant signature from a regular,
dynamically viable, causal solution.

20.4 Failure conditions

A proposed TOE fails wherever it cannot reproduce established measurements, becomes internally inconsistent, or requires
arbitrary patches that destroy its own explanatory value. An elegant equation that misses experiment is a failed equation.

REALITY VETO / FALSIFICATION REQUIREMENT

No sacred variables. Reality gets the veto. Differentiate. Relate. Measure. Update.
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A Essential derivation sketches

A.1 Lorentz transformation from the invariant interval

Assume a linear transformation between inertial frames moving at relative velocity v and require preservation of the light
cone:

c2dt’? — dx'? — dy'? — dz'? = c2dt® — dx? — dy? — dz%.
Together with the relative-frame condition for the primed origin, x' = 0 when x = vt, the coefficients reduce to the standard
Lorentz boost with y = (1-v¥c?)™1/2,
A.2 Newtonian limit of General Relativity
Take a weak, static gravitational field with g, , ® —(1+2®/c?). Keeping leading terms in the Einstein equation gives
V20 = 4nGp.

The nonrelativistic geodesic equation yields the Newtonian acceleration a = —V®.

A.3 Gravitational waves and the two observed tensor modes

For vacuum plane waves in linearized General Relativity, the trace-reversed perturbation satisfies Chpv = 0 in Lorenz
gauge. In the transverse-traceless gauge, only two independent tensor polarizations remain, commonly called plus (+) and
cross (x). This is the infrared target of the five-state fundamental graviton hypothesis.

A.4 Perfect-fluid cosmology
Use a homogeneous perfect-fluid stress-energy tensor in the Einstein equation and insert the FLRW metric. The time-time
and spatial components yield the Friedmann equations; VpTuv = 0 gives the continuity equation.
A.5 Schwarzschild horizon
The Schwarzschild lapse vanishes when 1-2GM/(c?r)=0, therefore
rs = 2GM/c?

The vanishing of this coordinate lapse identifies the horizon location in Schwarzschild coordinates, not a curvature
singularity at the horizon.
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B Axiom stack and research program

B.1 Minimal stack

Label

Statement

Status

A0 ALL IS EPISTEMIC. Foundational ontological assumption.

Hi Observed physics is described by a 3+1- Baseline recovery requirement; deeper geometry
dimensional spacetime at accessible scales. remains open.

H2 1 is a candidate relational epistemic field. Speculative field hypothesis.

H3 The fundamental gravitational excitation carries a Speculative hypothesis; its relation to the massless
five-state spin-2 qdit. two-helicity sector must be derived.

H4 1 is the continuum limit of invariant ordered Speculative operational-time hypothesis.
measure.
OIP supplies the inversion branch from maximal . . . .

H5 et i e Aol Speculative cosmogenic/ontological hypothesis.

H6 General Relatlvuy .{:ln(.j the Standard Model are Required recovery condition.
observed infrared limits.

H7 All additional structure is subject to the reality Methodologicall constraint

veto.

B.2 Actualization sequence

e Specify the microscopic state space and the admissible 3+1-dimensional geometric description.

e Derive the particle spectrum and gauge structure from the same microscopic model.
e Construct the complete spin-2/qdit dynamics, its five-state algebra, and its Lorentz-covariant interaction rules.
e Derive the I field rather than merely positing its effective action.

e Define the invariant measurement functional N[y] and derive proper time.

e Derive OIP as a mathematical boundary condition, dynamical instability, or other explicit mechanism.

e Quantize the complete theory and demonstrate unitarity, consistency, stability, and anomaly freedom where

applicable.

e Compute the four-dimensional effective action and compare its numerical predictions with experiment.
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C Final synthesis

The intended physical hierarchy is
ALL IS EPISTEMIC

| distinctions, relations, constraints, and physical state transitions
! microscopic dynamics (not yet derived)
| gravitational spin-2/qdit sector + other quantum fields
! observed 3+1-dimensional spacetime and effective fields
| General Relativity 4+ Standard Model as required infrared limits
| operational time, cosmology, chemistry, life, and intelligence

The scientific obligation is not to make the chain sound inevitable. It is to make every arrow calculable, every free
parameter visible, and every prediction falsifiable. The final theory, if it exists, earns the right to survive by recovering
what already works and predicting what does not yet.

EPISTEMIC INTERPRETATION

One assumption. Everything else earns its place.

Humility without surrender. Conviction without dogma. Love without possession. Wisdom without immunity from
correction. Reality without exception.
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Research-status note

This is a research artifact, not experimental confirmation. Established equations are constraints and recovery targets. The
epistemic ontology, candidate I field, five-state graviton qdit, emergent time, and OIP remain hypotheses until their
dynamics and testable predictions are derived.

All spacetime dynamics in this edition are formulated on the observed 3+1-dimensional arena. The mathematical 1 + 24
operator correspondence is retained only as a property of the proposed five-state operator algebra; by itself it establishes
neither a physical gauge symmetry nor new propagating fields. The next scientific step is derivation: specify the
microscopic dynamics tightly enough that the framework produces numerical predictions that reality can either confirm or
veto.

NO WARRANTY

11 is not infinity. No sacred variables. Reality wins.
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