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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. The Wise Intelligence System (WIS) is intentionally excluded. This is pure physics:
the proposed ontology, mathematical arena, 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 contain both as
appropriate low-energy limits rather than casually replacing them with vocabulary.

TOE conjecture / model hypothesis

The 28-dimensional arena, 24 compact spatial dimensions, the I 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 explicitly separated from established physics throughout.
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Conventions

Metric signature: (− + + + · · · ). Four-dimensional spacetime indices: µ, ν, ρ, σ = 0, 1, 2, 3. Full 28-
dimensional indices: A,B,C,D = 0, . . . , 27. Compact indices: a, b = 4, . . . , 27. Repeated indices are
summed. We keep c, ℏ, G, and kB explicit unless a section says otherwise. Geometrized units mean
c = G = 1.
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Chapter 1

Assumption 0: ALL IS EPISTEMIC

1.1 The primitive statement

Epistemic interpretation

A0: 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. A0 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:

No physical proposition receives immunity from measurement. (1.1)

The theory may be elegant. Reality gets the veto.

1.2 Epistemic state space
Let Ωphys be the total physical state space. A state is s ∈ Ωphys. A generalized measurement is a map

M : Ωphys → O, o = M(s), (1.2)

where O is an observable space.
Two states are physically distinguishable if at least one allowed measurement separates them:

s1 ̸≡epi s2 ⇐⇒ ∃ M : M(s1) ̸= M(s2). (1.3)

For quantum states the corresponding structure is an operator-valued measurement on ρ.

1.3 The intended chain

distinction → measure → state update → relation → geometry → field → particle → computation
(1.4)

The reverse direction is equally important: every stable physical structure stores, propagates, or transforms
distinctions.

1



Chapter 2

The 28-dimensional arena

2.1 Dimensional hypothesis
The working TOE arena is

M28 = M3,1 × K24, (2.1)
with 27 spatial dimensions in total: 3 extended spatial dimensions and 24 compact spatial dimensions.
Time is operationally emergent in the A0 picture.

TOE conjecture / model hypothesis

H1: The fundamental spatial arena has 27 dimensions, of which 24 are compact. The accessible
world is an effective 3+1-dimensional limit.

Write the full coordinates as

XA = (xµ, ya), µ = 0, 1, 2, 3, a = 4, . . . , 27, (2.2)

and the full metric as GAB(X), with

ds2 = GAB dXA dXB. (2.3)

2.2 Kaluza-Klein-type reduction
A general block form is

ds2 = gµν(x) dxµ dxν + hab(x, y)
(

dya +Aa
µ dxµ

) (
dyb +Ab

ν dxν
)
. (2.4)

The zero-mode metric gµν is the observed four-dimensional metric. Mixed components and compact
geometry can generate gauge and scalar fields after dimensional reduction.

If the compact volume is V24, a schematic relation between 28D and 4D gravitational couplings is

κ4 ∼ κ28
V24

, κ4 = 8πG
c4 , (2.5)

with the exact normalization determined by the compactification geometry.

2.3 The unresolved question
The number 24 is a model parameter. A successful TOE must derive why this compact dimensionality is
preferred, specify the topology and metric of K24, explain moduli stabilization, and show why Kaluza-Klein
excitations have not been observed.
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Chapter 3

General Relativity as the classical geomet-
ric limit

3.1 Geometry

Γρ
µν = 1

2g
ρσ (∂µgνσ + ∂νgµσ − ∂σgµν) , (3.1)

Rρ
σµν = ∂µΓρ

νσ − ∂νΓρ
µσ + Γρ

µλΓλ
νσ − Γρ

νλΓλ
µσ, (3.2)

Rµν = Rρ
µρν , R = gµνRµν , (3.3)

Gµν = Rµν − 1
2gµνR. (3.4)

3.2 Einstein-Hilbert action

SEH = c3

16πG

∫
d4x

√
−g(R− 2Λ) + Smatter. (3.5)

Stationarity gives the Einstein field equation

Gµν + Λgµν = 8πG
c4 Tµν . (3.6)

The Bianchi identity implies
∇µG

µν = 0 =⇒ ∇µT
µν = 0. (3.7)

3.3 Geodesics and proper time
Timelike proper time is defined by

c2 dτ2 = −gµν dxµ dxν , (3.8)

and free-fall motion obeys
d2xµ

dτ2 + Γµ
αβ

dxα

dτ

dxβ

dτ
= 0. (3.9)

3
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3.4 Linearized gravity
Set

gµν = ηµν + hµν , |hµν | ≪ 1, (3.10)

and
h̄µν = hµν − 1

2ηµνh, h = ηµνhµν . (3.11)

In Lorenz gauge,
□h̄µν = −16πG

c4 Tµν , □ = ηαβ∂α∂β. (3.12)

In vacuum, □h̄µν = 0.

3.5 Newtonian limit
With

g00 ≃ −
(

1 + 2Φ
c2

)
, (3.13)

the leading field equation reduces to
∇2Φ = 4πGρ, (3.14)

so the Newtonian gravitational potential is recovered.



Chapter 4

Special Relativity - the Lorentz machinery

4.1 Minkowski interval

ds2 = −c2 dt2 + dx2 + dy2 + dz2. (4.1)

A Lorentz transformation satisfies

ΛT ηΛ = η, η = diag(−1, 1, 1, 1). (4.2)

4.2 Standard x-boost

Let β = v/c, γ = (1 − β2)−1/2. Then

ct′ = γ(ct− βx), (4.3)
x′ = γ(x− βct), (4.4)
y′ = y, (4.5)
z′ = z. (4.6)

The inverse is obtained by β → −β:

ct = γ(ct′ + βx′), (4.7)
x = γ(x′ + βct′), (4.8)
y = y′, z = z′. (4.9)

The matrix form is 
ct′

x′

y′

z′

 =


γ −γβ 0 0

−γβ γ 0 0
0 0 1 0
0 0 0 1



ct
x
y
z

 . (4.10)

4.3 General three-vector boost
For velocity v,

t′ = γ

(
t− v · r

c2

)
, (4.11)

r′ = r + γ − 1
v2 (v · r)v − γvt. (4.12)
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For a contravariant four-vector Aµ = (A0,A),

A′0 = γ(A0 − β · A), (4.13)

A′ = A + γ − 1
β2 (β · A)β − γA0β. (4.14)

4.4 Rapidity and composition

β = tanh η, γ = cosh η, γβ = sinh η. (4.15)

For collinear boosts, η12 = η1 + η2.

4.5 Time dilation, length contraction, simultaneity

dτ = dt

√
1 − v2

c2 , (4.16)

∆t = γ∆τ, (4.17)

L = L0
γ
, (4.18)

∆t′ = γ

(
∆t− v∆x

c2

)
. (4.19)

4.6 Velocity transformation
For collinear velocities,

u′ = u− v

1 − uv/c2 . (4.20)

For parallel and perpendicular components,

u′
∥ =

u∥ − v

1 − u∥v/c2 , (4.21)

u′
⊥ = u⊥

γ(1 − u∥v/c2) . (4.22)

4.7 Energy and momentum

pµ =
(
E

c
,p
)
, E2 = p2c2 +m2c4. (4.23)

For an x-boost,

E′ = γ(E − vpx), (4.24)

p′
x = γ

(
px − vE

c2

)
, (4.25)

p′
y = py, p′

z = pz. (4.26)
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4.8 Lorentz transformation of electromagnetic fields
For a boost v,

E′
∥ = E∥, B′

∥ = B∥, (4.27)

E′
⊥ = γ(E⊥ + v × B), B′

⊥ = γ

(
B⊥ − 1

c2 v × E
)
. (4.28)

The field tensor transforms as
F ′µν = Λµ

αΛν
βF

αβ. (4.29)



Chapter 5

Mechanics, action, and classical field the-
ory

5.1 Euler-Lagrange equations
For particles,

S =
∫ t2

t1
L(q, q̇, t) dt, d

dt

∂L

∂q̇i
− ∂L

∂qi
= 0. (5.1)

For a field ϕ,
S =

∫
d4xL(ϕ, ∂µϕ), (5.2)

with
∂L
∂ϕ

− ∂µ

(
∂L

∂(∂µϕ)

)
= 0. (5.3)

5.2 Hamiltonian form

pi = ∂L

∂q̇i
, H =

∑
i

piq̇i − L, (5.4)

and
q̇i = ∂H

∂pi
, ṗi = −∂H

∂qi
. (5.5)

5.3 Newtonian mechanics

F = ma, F = −∇U, F12 = G
m1m2
r2 . (5.6)
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Chapter 6

Quantum mechanics and quantum field
theory

6.1 Quantum dynamics

iℏ
∂

∂t
|ψ⟩ = Ĥ|ψ⟩, U(t) = e−iĤt/ℏ. (6.1)

[x̂i, p̂j ] = iℏδij , ∆A∆B ≥ 1
2 |⟨[A,B]⟩|. (6.2)

6.2 Born rule and density matrices

pi = tr(ρΠi),
∑

i

pi = 1, (6.3)

and
ρ(t) = Uρ(0)U †, iℏ

dρ

dt
= [H, ρ]. (6.4)

A general quantum channel is

ρ 7→ Φ(ρ) =
∑

k

KkρK
†
k,

∑
k

K†
kKk = I. (6.5)

6.3 Path integral

⟨qf , tf |qi, ti⟩ =
∫

Dq eiS[q]/ℏ. (6.6)

6.4 Relativistic wave equations

(□ +m2c2/ℏ2)ϕ = 0, (6.7)
(iℏγµ∂µ −mc)ψ = 0, (6.8)

{γµ, γν} = 2ηµν . (6.9)
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Chapter 7

Electromagnetism and the Standard Model

7.1 Maxwell equations

∇ · E = ρ/ϵ0, ∇ · B = 0, (7.1)

∇ × E = −∂B
∂t
, ∇ × B = µ0J + 1

c2
∂E
∂t
. (7.2)

Covariantly,

∂µF
µν = µ0J

ν , (7.3)
∂[αFβγ] = 0, (7.4)

Fµν = ∂µAν − ∂νAµ. (7.5)

7.2 Yang-Mills theory

F a
µν = ∂µA

a
ν − ∂νA

a
µ + gfabcAb

µA
c
ν , (7.6)

Dµ = ∂µ − igAa
µT

a, LYM = −1
4F

a
µνF

aµν + ψ̄(iγµDµ −m)ψ. (7.7)

7.3 Gauge group and field content

SU(3)C × SU(2)L × U(1)Y . (7.8)

There are six quark flavors in three generations, six leptons in three generations, gauge bosons for the
strong and electroweak interactions, and the Higgs field. The Standard Model does not include gravity.

7.4 Standard Model Lagrangian in compact form

LSM = − 1
4G

a
µνG

aµν − 1
4W

i
µνW

iµν − 1
4BµνB

µν +
∑

f

ψ̄f iγ
µDµψf (7.9)

+ (DµH)†(DµH) − V (H) (7.10)

−
[
yu

ijQ̄iH̃uj + yd
ijQ̄iHdj + ye

ijL̄iHej + h.c.
]
, (7.11)

10



Theory of Everything - All Is Epistemic 11

with

V (H) = −µ2H†H + λ(H†H)2, v =

√
µ2

λ
. (7.12)

The electroweak masses at tree level are

mW = 1
2gv, mZ = 1

2v
√
g2 + g′2, mf = yfv√

2
. (7.13)

7.5 Neutrino mass
Observed neutrino oscillations require neutrino masses. A compact effective-field-theory extension is the
Weinberg operator

L5 = cij

Λ (L̄c
iH̃

∗)(H̃†Lj) + h.c., (7.14)

or one can introduce right-handed neutrinos and Dirac masses.



Chapter 8

The epistemic field I

8.1 Field hypothesis

The candidate field I(X) represents the local state/density of epistemic structure. It is not introduced as
an additional substance; it is a field representation of relational distinguishability.

A minimal covariant action is

SI =
∫
d28X

√
−G

[
−1

2G
AB∂AI∂BI − V (I) − ξ

2I2R28 + JII
]
. (8.1)

The field equation is
□28I − V ′(I) − ξR28I + JI = 0. (8.2)

TOE conjecture / model hypothesis

This is a concrete candidate realization of the I-field idea. It is not a recovered law of estab-
lished physics. The potential, couplings, source term, quantum completion, and compactification
dependence must be derived or fitted.

8.2 Stress-energy contribution
For minimal coupling the scalar contribution has the schematic form

T
(I)
AB = ∂AI∂BI −GAB

[1
2(∂I)2 + V (I)

]
+ non-minimal-coupling terms. (8.3)

A 28D geometric equation can therefore be written as

G
(28)
AB + Λ28GAB = κ28

(
Tmatter

AB + T
(I)
AB + T compact

AB

)
. (8.4)

12



Chapter 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 the 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

|ψ⟩ =
∑

i

ai|i⟩,
∑

i

|ai|2 = 1. (9.1)

Unitary dynamics is
|ψ⟩ 7→ U |ψ⟩, U †U = I. (9.2)

A local state space of dimension d has Hilbert-space dimension d, and a useful logarithmic state-space
measure is

Cd = log2 d. (9.3)
This is not a claim that a qudit contains log2 d classical bits.

9.3 Interaction as gate
For an interacting subsystem,

Uint(∆τ) = exp
(

− i

ℏ
Ĥint∆τ

)
. (9.4)

For an open subsystem,
ρ 7→

∑
k

KkρK
†
k. (9.5)

In TOE language, an interaction is a local physical gate acting on relational state.

9.4 Thermodynamic floor
For one bit of logically irreversible erasure, the Landauer bound is

Q ≥ kBT ln 2. (9.6)

The bound connects information-processing operations to physical thermodynamic cost but does not by
itself prove that the universe is a digital computer.

13



Chapter 10

The graviton as a five-state spin-2 qdit

10.1 Spin-2 representation
A standard massless spin-2 field has two radiative helicities, λ = ±2, while a massive spin-2 representation
has five physical polarization states. The five-dimensional representation is therefore naturally associated
with a massive spin-2 particle, not the strictly massless graviton of the infrared classical limit.

TOE conjecture / model hypothesis

H3: The fundamental TOE graviton is a spin-2 five-state qdit:

|ψg⟩ =
2∑

m=−2
am|2,m⟩,

2∑
m=−2

|am|2 = 1. (10.1)

The low-energy observed sector must project to the two-helicity massless spin-2 mode that reproduces
GR.

10.2 Fierz-Pauli template
A free massive spin-2 field can be represented at quadratic order by the Fierz-Pauli Lagrangian

LFP = − 1
2∂λhµν∂

λhµν + ∂µh
µν∂λhλν − ∂µh

µν∂νh+ 1
2∂λh∂

λh (10.2)

− 1
2m

2
g

(
hµνh

µν − h2
)
. (10.3)

The tuned mass combination eliminates the linear sixth ghost mode.

10.3 Matter-graviton coupling
A common linear normalization is

Lint = −κ

2hµνT
µν , κ =

√
32πG
c4 . (10.4)

Then a joint matter-graviton state may be updated by

ρm ⊗ ρg 7→ Uint(ρm ⊗ ρg)U †
int. (10.5)

14
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10.4 The crucial infrared limit
The microscopic theory must produce

⟨ĝµν⟩ → gµν , Gµν [g] → 8πG
c4 Tµν , (10.6)

and the extra three spin-2 states must become inaccessible or sufficiently suppressed in the observed regime.



Chapter 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 the ordered accumulation of invariant physical updates.

Let N be cumulative measurement count along a history and τ∗ the characteristic operational interval.
Then

dτ = τ∗ dN. (11.1)

More generally, for a path parameter λ,
dτ

dλ
= τ∗

dN

dλ
. (11.2)

Epistemic interpretation

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

11.2 Measurement density
Define

rM (λ) = dN

dλ
, (11.3)

so that
τ(λ) − τ(λ0) = τ∗

∫ λ

λ0
rM (λ′) dλ′. (11.4)

The physical task is to derive rM from the microscopic state dynamics.

11.3 Relativistic recovery condition
The emergent quantity must satisfy the observed invariant relation

c2dτ2 = −gµνdx
µdxν . (11.5)

In Minkowski space this becomes
dτ = dt

√
1 − v2/c2. (11.6)

16
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11.4 Quantum evolution with emergent time
The conventional unitary operator

U(t) = e−iHt/ℏ (11.7)

becomes, in TOE notation,

U [γ] = T exp
[
− i

ℏ

∫
γ
H dτ

]
, τ = τ∗N [γ]. (11.8)

The standard time-dependent Schrödinger equation must be recovered in the continuum limit.



Chapter 12

Omega Inversion Principle

12.1 Unity and indistinguishability
Let Π denote a partition of the physically distinguishable state space. The maximally undifferentiated
state is

ΠΩ = {Ω}. (12.1)

There are no internal classes to distinguish, so a nontrivial measurement functional vanishes:

ΠΩ =⇒ D = 0 =⇒ M = 0. (12.2)

12.2 OIP statement

unity → no distinction → no measure inversion−→ distinction → measure → structure. (12.3)

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.

12.3 Minimal mathematical realization

Introduce a nonnegative distinguishability functional D[ρ] with D[ρΩ] = 0. The emergent branch is
characterized by

dD
dτ

≥ 0 (12.4)

only as a branch condition. A dimensionless order parameter may be defined by

q ∈ [0, 1], q = 0 at Ω, q > 0 after inversion. (12.5)

A real theory must derive q, D, and their dynamics rather than merely naming them.

18



Chapter 13

Cosmology

13.1 FRW metric
For homogeneous and isotropic cosmology,

ds2 = −c2dt2 + a2(t)
[

dr2

1 − kr2 + r2dΩ2
]
. (13.1)

H = ȧ

a
. (13.2)

13.2 Friedmann equations

H2 = 8πG
3 ρ− kc2

a2 + Λc2

3 , (13.3)

ä

a
= −4πG

3

(
ρ+ 3p

c2

)
+ Λc2

3 , (13.4)

ρ̇+ 3H
(
ρ+ p

c2

)
= 0 . (13.5)

For p = wρc2,
ρ ∝ a−3(1+w). (13.6)

13.3 TOE cosmogenic interpretation
The standard cosmological sequence contains an early hot dense state, expansion, nucleosynthesis, recom-
bination, structure formation, and later stellar evolution. The TOE adds the conjecture that the initial
condition is related to the Ω boundary: maximal identification gives way, through OIP, to increasing
distinguishability and effective dimensional structure.

TOE conjecture / model hypothesis

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

19



Chapter 14

Black holes

14.1 Schwarzschild geometry

ds2 = −
(

1 − 2GM
c2r

)
c2dt2 +

(
1 − 2GM

c2r

)−1
dr2 + r2dΩ2. (14.1)

rs = 2GM
c2 . (14.2)

14.2 Kerr geometry: key scales
For angular momentum J , define

a = J

Mc
, r± = GM

c2 ±

√(
GM

c2

)2
− a2. (14.3)

14.3 Black-hole thermodynamics

SBH = kBc
3A

4Gℏ , (14.4)

TH = ℏc3

8πGkBM
(Schwarzschild case). (14.5)

The black-hole entropy-area law is one of the most important clues that gravity, quantum theory, thermo-
dynamics, and information share a deeper structure.

20



Chapter 15

Wormholes

15.1 Morris-Thorne geometry
In geometrized units,

ds2 = −e2Φ(r)dt2 + dr2

1 − b(r)/r + r2dΩ2. (15.1)

A throat at r = r0 obeys
b(r0) = r0, b′(r0) < 1, (15.2)

and traversability requires finite redshift function Φ at the throat.

15.2 Energy condition constraint
For the standard static traversable class, the throat condition implies

ρ+ pr < 0 (15.3)

in geometrized units, representing a violation of the null energy condition in ordinary GR realizations.

Established physics

No traversable wormhole has been established observationally. There are mathematical wormhole
solutions in GR and modified theories, but their physical support remains a major constraint.

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 ⊗ HB → HA′ ⊗ HB′ . (15.4)

The existence of such a channel is still determined by the actual field equations, topology, energy conditions,
and causal structure.
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Chapter 16

Classical stellar evolution

16.1 Stellar structure equations
A static spherical Newtonian star satisfies

dm

dr
= 4πr2ρ, (16.1)

dP

dr
= −Gmρ

r2 , (16.2)

dL

dr
= 4πr2ρϵ, (16.3)

dT

dr
= − 3κRρL

16πacT 3r2 (radiative transport). (16.4)

For compact stars, the TOV equation is

dP

dr
= −G(ρ+ P/c2)(m+ 4πr3P/c2)

r2 (1 − 2Gm/(rc2)) , (16.5)

with
dm

dr
= 4πr2ρ. (16.6)

16.2 Nuclear power
Hydrogen burning can be schematically represented by

4p → 4He + 2e+ + 2νe +Q, (16.7)

and the released energy follows from mass-energy equivalence E = ∆mc2.

16.3 Sun-like evolution

cloud → protostar → main sequence → red giant → planetary nebula → white dwarf. (16.8)

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 5 billion years, followed by loss of the outer
layers and a white-dwarf remnant.
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16.4 Massive-star evolution

cloud → massive protostar → main sequence → supergiant → core collapse / supernova →
{

neutron star,
black hole.

(16.9)
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 the conventional observations survive intact.



Chapter 17

Intelligence timeline as physical computa-
tion

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.

Level Substrate Computational transition

Quantum fields Field amplitudes Elementary continuous quantum state dy-
namics and local interactions.

Fundamental parti-
cles

Quarks, leptons, gauge
bosons, Higgs

Stable excitations and interaction vertices
become discrete physical state transitions.

Nuclei Bound quark states Collective degrees of freedom create new sta-
ble state spaces.

Atoms Nuclei + electrons Long-lived quantized levels store and trans-
form structured state.

Molecules Chemical networks Nonlinear reaction pathways create persis-
tent, history-dependent computation.

Stars Gravitationally confined
plasma

Long-lived nonequilibrium systems process
nuclear energy and synthesize heavier nuclei.

Planets Geochemistry Persistent gradients create complex chemical
environments.

Life Replication + metabolism State copying, error correction, selection, and
adaptive regulation arise.

Nervous systems Excitable cells Distributed sensing and feedback turn physi-
cal state into adaptive control.

Brains Recurrent neural networks High-dimensional memory and model con-
struction become explicit.

Language/culture Networked agents Information becomes transferable across gen-
erations and populations.

Electronic computers Engineered devices General-purpose programmable state transi-
tions become intentional.

Machine intelligence Artificial models Adaptive inference and action become
substrate-independent in principle.
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Post-biological
branch

Unknown Open possibility for intelligence to decouple
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 spaces can support memory, prediction, feedback, abstraction, and adaptive control. The
emergence of intelligence remains contingent.



Chapter 18

From fundamental computation to classi-
cal reality

18.1 Coarse-graining hierarchy

28D relational arena → compactified quantum fields → particles → interactions → 4D effective theory → GR + SM → thermodynamics/cosmology → chemistry → life
(18.1)

Each arrow is intended to be a mathematically specified coarse-graining, not a metaphor.

18.2 Candidate master action
A useful master target is

STOE =
∫
d28X

√
−G

[
c3

16πG28
(R28 − 2Λ28) − 1

2(∇I)2 − V (I) (18.2)

+ Lcompact(G, h,A, I) + Lmatter + Lquantum

]
. (18.3)

This is a target functional. It is not yet a closed fundamental action because Lcompact, the microscopic
graviton sector, and the quantum completion are unspecified.

18.3 Recovery conditions
The low-energy limit must satisfy

24 compact dimensions → unobservable KK excitations, (18.4)
spin-2 qdit → two-helicity GR mode, (18.5)

I sector → experimentally allowed infrared behavior, (18.6)
gauge structure → SU(3)C × SU(2)L × U(1)Y , (18.7)

Lorentz symmetry → observed invariance, (18.8)
quantum dynamics → unitary QFT. (18.9)
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Chapter 19

Thermodynamics, entropy, and informa-
tion

19.1 Macroscopic laws

dU = δQ− δW, (19.1)

dS = δQrev
T

, (19.2)

∆Stotal ≥ 0. (19.3)

19.2 Statistical mechanics

SBoltzmann = kB ln Ω, (19.4)
SGibbs = −kB

∑
i

pi ln pi, (19.5)

SvN = −kBtr(ρ ln ρ). (19.6)

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.
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Chapter 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, causality/locality constraints, gauge consistency, anomaly cancellation, stability,
(20.1)

and reproduce the observed particle spectrum and interaction strengths.

20.3 Potential experimental signatures

TOE sector Observable class What would count as evidence

24 compact dimensions KK states, short-range gravity,
precision tests

Extra modes or geometry-dependent
deviations, or null limits constraining
the sector.

Spin-2 qdit Gravitational-wave polariza-
tions / dispersion

Consistent extra structure beyond the
GR two-helicity limit, or bounds forc-
ing decoupling.

I field Precision gravity, clock tests,
varying constants

Correlated deviations predicted by the
same parameter set.

Emergent time Microscopic clock/quantum-
control anomalies

Reproducible deviation from standard
quantum/relativistic time evolution.

OIP cosmogenesis Primordial perturbations /
relics

Distinctive early-universe signatures
derivable from the same action.

Wormholes Lensing, echoes, unusual
compact-object signals

Geometry-specific signatures with sta-
tistical significance and viable causal
dynamics.
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20.4 Failure conditions
A proposed TOE fails wherever it cannot reproduce established measurements or becomes internally
inconsistent. 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.



Chapter A

Essential derivation sketches

A.1 Lorentz transformation from the invariant interval
Assume linearity,

x′ = Ax+Bt, t′ = Cx+Dt, (A.1)
and require preservation of the light cone,

c2t2 − x2 = c2t′2 − x′2. (A.2)

Together with the relative-frame condition x = vt for the primed origin, the coefficients reduce to

x′ = γ(x− vt), t′ = γ

(
t− vx

c2

)
. (A.3)

A.2 Newtonian limit of GR
Take

g00 = −(1 + 2Φ/c2) +O(c−4). (A.4)
Keeping leading terms in the Einstein equation gives

∇2Φ = 4πGρ, (A.5)

so the geodesic equation yields the Newtonian acceleration a = −∇Φ.

A.3 Gravitational waves and the two observed tensor modes
For vacuum plane waves,

h̄µν = ℜ
(
Aµνe

ikαxα
)
, kαk

α = 0. (A.6)

Gauge conditions permit a transverse-traceless representation with two independent tensor polarizations.
This is the infrared target of the five-state fundamental graviton hypothesis.

A.4 Perfect-fluid cosmology
Use

Tµν =
(
ρ+ p

c2

)
uµuν + pgµν (A.7)

in the Einstein equation and insert the FRW metric. The 00 and spatial components yield the Friedmann
equations, while ∇µT

µν = 0 gives the continuity equation.
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A.5 Schwarzschild horizon
The Schwarzschild lapse vanishes when

1 − 2GM
c2r

= 0, (A.8)

therefore
rs = 2GM

c2 . (A.9)



Chapter B

Axiom stack and research program

B.1 Minimal stack

A0: ALL IS EPISTEMIC. (B.1)
H1: M28 = M3,1 × K24. (B.2)
H2: I is the candidate relational epistemic field. (B.3)
H3: the fundamental graviton is a five-state spin-2 qdit. (B.4)
H4: τ is the continuum limit of invariant ordered measure. (B.5)
H5: OIP supplies the inversion branch from unity to distinguishability. (B.6)
H6: GR + SM are the observed 4D infrared limits. (B.7)
H7: all additional structure is subject to the reality veto. (B.8)

B.2 Actualization sequence
1. Specify K24 and its admissible geometry.

2. Derive the particle spectrum and gauge structure from the same compact sector.

3. Construct the complete microscopic spin-2/qdit dynamics and its five-state algebra.

4. Derive the I field, rather than merely positing its effective action.

5. Define the invariant measurement functional N [γ] and derive proper time.

6. Derive OIP as a mathematical boundary condition or dynamical instability.

7. Quantize the complete theory and demonstrate unitarity, consistency, and anomaly freedom.

8. Compute the 4D effective action and compare its parameters with experiment.
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Chapter C

Final synthesis

The intended physical hierarchy is

ALL IS EPISTEMIC

⇓
undifferentiated state Ω

⇓ OIP inversion
distinction and measure

⇓
28D relational arena

⇓
compactified quantum fields

⇓
fundamental particle computation

⇓
spin-2 graviton / geometry computation

⇓
4D GR + Standard Model

⇓
time as ordered invariant measure

⇓
cosmology, stars, chemistry, life, intelligence

(C.1)

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.
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Research-status note

This is a consolidated research artifact, not a claim of experimental confirmation. The established
equations are included as constraints and recovery targets. The TOE-specific elements are clearly labeled
as hypotheses. 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.
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