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WORMHOLES

HACK THE UNIVERSE
What Can Go Through a Wormhole?

THE GOVERNING HYPOTHESIS

Assume the All Is Epistemic Theory of Everything is correct for the purpose of this manuscript. The established
physics below constrains the hypothesis; the TOE-specific claims are conditional consequences, not
experimental facts.

We are not building a tunnel through space. We are changing the connectivity of reality.

Nick Rugai
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Status, scope, and the one rule

This manuscript is a focused extension of the consolidated Theory of Everything - All Is Epistemic. It takes the TOE
architecture as a working hypothesis and asks a brutally specific question: if wormholes are permitted by that
architecture, what exactly is allowed to cross them?

The answer is not "anything." A traversable wormbhole is a physical boundary-value problem. The payload must
satisfy the geometry, the field equations, the throat boundary conditions, the compactification spectrum, gauge
constraints, energy-momentum conservation, quantum consistency, and global causal structure. The wormhole
does not suspend physics. It concentrates physics.

REALITY VETO

The universe gets the final vote. A beautiful wormhole that cannot be made mathematically consistent, fails to
recover general relativity, violates quantum consistency, or contradicts observation is not a wormhole
technology proposal. It is a discarded model.
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REBEL RULE

No sacred variables. Not even "information," "wisdom," "the TOE," or the wormhole itself. Every quantity earns
its place by derivation and survives only by measurement.

Executive result

Under the TOE assumptions, the set of things that can traverse a wormhole is best defined as the set of physical
states admitting a causal, finite-action, dynamically stable continuation through the wormhole throat. That
includes ordinary massive matter, massless radiation, quantum fields, gravitational perturbations, and quantum
information - but only mode by mode and only when the throat actually supports those solutions.

The strongest version of the TOE adds a deeper interpretation: a wormhole is not fundamentally a pipe containing
objects. It is a lawful change in relational adjacency between physical regions. Transport is therefore a state-
transfer map induced by geometry and field dynamics.

W:H_A->H_B, rho_ B=Tr_E[U_W (rho_A tensor sigma_W) U_W"dagger | (0.1)

Here U_W is the full microscopic evolution through the wormhole, sigma_W is the throat/support state, and E
collects inaccessible or radiative degrees of freedom. An ideal lossless wormhole realizes an approximately unitary
channel on the traversing sector. A realistic wormhole is an open quantum channel whose fidelity depends on
geometry, backreaction, noise, compactification, and gravitational degrees of freedom.

THE ANSWER IN ONE LINE

What goes through? Anything for which the complete 28D equations admit a regular causal solution
connecting the two mouths while preserving all required constraints.

THE WORMHOLE TRANSPORT CRITERION

For a physical state psi in mode sector n, define A_W/[psi] =I_geo I_mode I_gauge I_energy I_quantum I_causal.
A state is transportable only when every factor is admissible and the corresponding transmission coefficient
satisfies T_n > 0. This is the conditional transport theorem of the manuscript: geometry opens the channel;
dynamics decides the mode; conservation laws decide what is legal; quantum consistency decides whether the
channel exists at all.

T W=P_out U_ W P_in, a_out=S_W a_in, S_WAdagger S_ W <=1. (02

The transport operator is deliberately written as a projection of the full microscopic evolution onto the input and
output sectors. It prevents a common conceptual error: confusing the existence of a wormhole with the existence
of an unconstrained transport channel. The geometry is the portal; the operator spectrum is the customs officer.
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CHAPTER 1

The wormhole problem: geometry first

A throat is a solution before it is a vehicle.

In general relativity a wormhole is not a hole punched through an external Euclidean space. It is a spacetime
geometry with nontrivial connectivity. A traversable wormhole must admit causal curves from one mouth to the
other without encountering an event horizon or an unavoidable singularity. The geometry therefore comes first
and the payload comes second.

The standard static, spherically symmetric Morris-Thorne form, in geometrized units, is
ds?2 = - exp(2 Phi(r)) dt"2 + dr*2/[1 - b(r)/r] + "2 dOmega”2 . (11)

The redshift function Phi(r) controls gravitational redshift and must remain finite if the throat is to be traversable
in the ordinary sense. The shape function b(r) determines the spatial flare-out.

b0) =10, bG0)<1, Phir0)finite . (12)

The first equality locates the throat. The derivative inequality is the local flare-out condition. The last requirement
prevents the throat from hiding behind an infinite redshift surface.

ESTABLISHED PHYSICS

Morris and Thorne showed how a static, spherically symmetric traversable wormhole can be represented and
analyzed using a shape function and redshift function. In ordinary Einstein gravity, the flare-out condition
drives an energy-condition problem. [1]

The crucial conceptual reversal for the TOE is immediate: the wormhole does not "break" spacetime. It is a
particular spacetime configuration. Therefore a traversing particle does not disappear from one location and
reappear elsewhere by magic. Its worldline is simply a causal curve through a geometry whose global connectivity
is different from ordinary near-flat space.
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CHAPTER 2

The classical throat and the flare-out theorem

The geometry itself tells us why wormhole transport is expensive. Let k*mu be the tangent to a null geodesic
congruence. Raychaudhuri gives

d theta/d lambda = -(1/2) theta”2 - sigma_(mu nu) sigma”(mu nu) + omega_(mu nu) omega”(mu nu) - R_(mu
nu) k"mu k”nu . (21)

For a hypersurface-orthogonal null congruence, vorticity omega vanishes. At a minimal throat the cross-sectional
area must stop decreasing and begin increasing: the rays must defocus. At the throat theta = 0, so local defocusing
requires

d theta/d lambda >0 => R_(munu)k"muk™nu<0. (22
Einstein gravity then turns a geometric condition into an energy condition. Because k_mu k*mu = 0,
R_(mu nu) k"mu k”nu = (8 pi G/ c) T_(mu nu) k"mu k*nu . (23)
Traversable flare-out in GR => T_(mu nu) k"mu k*nu < 0. (24)

That is a violation of the null energy condition (NEC). The wormhole needs effective defocusing where ordinary
positive-energy matter tends to focus null congruences.

The same result appears explicitly in the Morris-Thorne stress tensor. In geometrized units,
rho(r) = b'(r)/(8 pi 172) , (2.5)
p_r(r) = [ -b(r)/r*3 + 2(1-b/r) Phi'(r)/r ]/(8 pi) . (26)
[rho + p_r]_(r0) = [b'(10)-1]/(8 pi r0"2) < 0. (2.7)

THE WALL

The throat cannot simply be declared traversable. The flare-out condition asks the stress-energy or modified
gravitational sector to defeat null focusing. In ordinary GR this means violating the NEC at the throat. [1,2,3]

Topological censorship sharpens the point: under suitable global assumptions, including asymptotic flatness and
the null energy condition, causal curves cannot be used by observers to probe nontrivial topology from infinity. A
macroscopic traversable wormhole therefore requires a loophole in at least one of the theorem's hypotheses - most
naturally the energy condition or the gravitational dynamics. [3]
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CHAPTER 3
The energy-condition wall

The phrase "exotic matter" is useful only if we keep it precise. It does not mean a mysterious substance with a
science-fiction label. It means that the effective stress tensor in the throat violates a classical energy condition or
that the gravitational field equations differ from the Einstein form enough to move the required defocusing into
geometric terms.

Quantum field theory already permits local negative renormalized energy densities in appropriate states. But
negative energy is not free engineering material. Ford and Roman derived quantum-inequality constraints
showing that negative energy must be limited in magnitude and duration in the systems they studied, and found
severe restrictions on macroscopic static traversable wormholes supported by such effects. [4]

The Gao-Jafferis-Wall construction provides an important modern counterexample to the naive slogan "quantum
theory forbids traversable wormholes." In a particular anti-de Sitter/holographic setup, an interaction between the
two boundaries produces negative average null energy that renders the bridge traversable, while the construction
does not provide ordinary superluminal signaling. This is a controlled quantum-gravitational result in a special
setting, not evidence for naturally occurring macroscopic portals. [5]

For the TOE, the consequence is deliciously sharp: the support mechanism must come from the actual microscopic
field content. We do not get to insert a hand-waving negative-energy term after the geometry has been chosen.

8 pi G_(28) T_eff AB K*"A K"B=R _(28)ABK*"A K"B<0. 31

The 28D version is conditional on the TOE field equations. The object that must be negative is the full effective null
contraction, including matter, the candidate epistemic field, compactification stress, quantum corrections, and
whatever microscopic gravitational sector actually exists.
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CHAPTER 4

The 28D TOE throat and compactification

The throat may live in more than the four dimensions we can see.

The TOE posits a 28-dimensional arena with four extended spacetime dimensions and a compact 24-dimensional
internal sector:

M_28=M_(3,1)xK_24. (41)
Write the full metric schematically as
dS"2 = G_AB dX”A dX”B = g_mu nu dxmu dx*nu + h_ab dy”*a dy”b + 2 A_mu”a dx"mu dy*a . (42)

The mixed terms are written schematically because the exact Kaluza-Klein decomposition depends on the compact
geometry and gauge structure. The scientific obligation is to choose K_24 and derive the observed four-dimensional
fields from it, rather than merely naming "extra dimensions."

A wormhole in the TOE is therefore potentially a higher-dimensional object whose four-dimensional shadow is a
traversable throat. There are several logically distinct possibilities: the throat may be entirely extended in the
visible dimensions; it may thread compact dimensions; or it may involve a change in the internal geometry across
the throat.

Psi(X) = sum_n psi_n(x) Y_n(y), -Delta KY n=lambda nY n. (43)
m_n"2 =m_0"2 + lambda_n/R_c”2 + Delta_m,n"2 . (44)

Every transported field therefore arrives with a spectral question. A particle is not just "a particle" in 4D. It carries
a mode label in the compact sector. A wormhole can transmit, suppress, mix, or confine those modes depending on
the throat geometry and matching conditions.

TOE HYPOTHESIS

The 24 compact dimensions are part of the physical state space. A wormhole may therefore act not only as a
shortcut in 4D position but as a mode-selective portal through the full relational geometry.

This produces a particularly clean experimental question: if the throat admits KK modes that are inaccessible in
ordinary space, the wormhole becomes a spectroscopy device for the compact sector. A transported state could
emerge with signatures of a compact excitation, provided that the corresponding mode is stable and couples to
visible matter after exit.
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CHAPTER 5
The epistemic field: support, not magic

The TOE includes a candidate field I(X), representing relational epistemic structure. A minimal covariant action is
S_I = integral d"28X sqrt(-G) [ -(1/2)(dD*2 - V(I) - (xi/2) "2 R_28 +J_11]. (51
Box 281-V'D)-xiR 281+J.1=0. (52

The temptation is to say: "I is the exotic matter, therefore I holds the wormhole open."” That would be precisely the
sort of premature conclusion the TOE forbids.

For minimally coupled I, the null contraction is

TAI)_AB K*A K7B = (KA partial A2 >=0. (53)

CRITICAL TOE CHECK

A canonical minimally coupled scalar does NOT, by itself, violate the NEC. The I-field cannot be declared the
throat-support mechanism merely because its name sounds metaphysical. To support flare-out, the TOE needs
nonminimal coupling, quantum effects, additional fields, modified gravity, or another sector that changes the
effective null contraction.

This is exactly what a useful TOE prediction should look like: the framework constrains its own freedom. If the
microscopic action later proves that the I-sector necessarily obeys the NEC in the relevant regime, then the I-field is
not the throat support. We bow, update, and measure again.

With nonminimal coupling, curvature terms move into the effective stress tensor. One can schematically rewrite
the field equation as

G_AB = (8 pi G_28/c"4) T_eff_ABII, matter, compact, quantum] . (5.4)

The wormhole criterion is then evaluated on T_eff, not on a preferred philosophical interpretation of I. The TOE
becomes a machine for generating candidates, not excuses.
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CHAPTER 6

Matter transport: geodesics, thresholds, and tidal limits

The first thing through the wormhole is a worldline.

A freely falling point particle follows a timelike geodesic. For the simplest zero-redshift throat, Phi = 0, and in units
¢ =1, the conserved energy per unit rest mass E and angular momentum L give

dotr*2 =[1-b(r)/r] [Er2-1-L"2/t"2]. (61)

The particle traverses if its constants of motion and the full potential permit it to reach r0 with finite proper time
and continue onto the other asymptotic branch. A barrier in the effective potential can reflect a particle even when
the geometry itself is traversable.

For null motion the corresponding relation is
dot "2 =[1 -b(r)/r] [Er2 - L "2/t72]. (62)

Thus photons have no rest-mass threshold, but impact parameter, lensing, and throat geometry still determine
which null geodesics actually cross. A wormhole can be traversable and yet have a restricted optical aperture.

For a macroscopic payload the more severe constraint is not merely trajectory existence but tidal curvature. In an
orthonormal frame the relative acceleration is approximately

a_tid™ = - A2 RA(hat i)_(hat O hat j hat 0) xi*(hat j) . (63)

For a body of characteristic size L, acceptable traversal requires the relevant tidal components to remain below the
tolerance set by the payload and its internal structure. This is a geometric condition. A ten-meter doorway with
Planckian curvature is not a ten-meter doorway for a human being; it is a relativistic meat grinder.

PAYLOAD RULE

A traversable throat must be traversable by the complete stress-energy distribution of the payload, not merely
by an idealized test particle. Backreaction and tidal fields scale with the payload itself.

Nick Rugai | Working manuscript | 8



WORMHOLES - ALL IS EPISTEMIC TOE

CHAPTER 7
Radiation and quantum fields

Electromagnetic radiation is the cleanest classical traveler. In a curved spacetime the Maxwell equations remain
local:

nabla_mu FA(mu nu) =4 pi j*nu, nabla_[alpha F_beta gamma] =0. (7.1)

A photon wave packet is governed in the geometric-optics limit by null geodesics. Beyond that limit, its field
amplitude, polarization, phase, and quantum state evolve by the field equation on the curved background.

A general quantum field admits a mode expansion. Along a wormhole one can reduce a field mode to a one-
dimensional scattering problem in a tortoise coordinate r_*:

[ -d"2/dr_*22 + V_n(r) Ju_n=omega™2 u_n. (7.2)

The transmission coefficient T_n is then determined by matching the asymptotic incoming and outgoing fluxes. In
the semiclassical barrier regime, a WKB estimate is

T_n approx exp| -2 integral_(r1)*(r2) sqrt(V_n - omega™2) dr_*]. (7.3)

This is where the TOE compact sector becomes operational. The index n can encode internal geometry. The
wormbhole can therefore be a frequency filter, polarization filter, KK-mode filter, or all three.

PHYSICS OVER METAPHOR

"Radiation can cross" is not the same as "a photon always crosses." A traversable geometry provides an allowed
channel; the wave equation decides the transmission probability.

Quantum fields also carry vacuum fluctuations, entanglement, and stress-energy. Those are not decorations
around the wormhole. They are part of the state that responds to the wormhole geometry. A self-consistent
solution must solve the field equations and the renormalized stress tensor together when quantum effects are
essential.
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CHAPTER 8

Gauge charge and conservation laws

No wormhole gets to eat a charge.

A wormhole does not repeal local gauge symmetry. For electromagnetism, charge conservation follows from gauge
invariance and the covariant continuity equation

nabla_mu j*mu=0. (81

Integrating the current through a spacetime volume gives the usual relation between changes in enclosed charge
and flux through the boundary. In a multiply connected space, however, the topology changes the shape of the
allowed electric and magnetic field configurations. Flux can thread the throat and link the two asymptotic regions.

Q_region(t2) - Q_region(tl) = - integral_boundary J*mu dSigma_mu . (8.2)

The apparent charge of one mouth can therefore change when a charged object enters or exits, while the global
conservation law remains intact. The wormhole can redistribute where field lines go; it cannot make gauge charge
cease to exist.

For non-Abelian gauge fields the same logic persists with the appropriate covariant derivative. The detailed
transport problem becomes richer because the internal state can carry gauge orientation, and the compactification
sector can induce Wilson lines or holonomies. A throat may therefore rotate an internal state while preserving the
gauge-invariant content.

W(C) =Tr P exp[ igintegral C A_mudxmu]. (83)

A Wilson loop or open Wilson-line structure is therefore a natural diagnostic for whether a wormhole couples
nontrivially to compact gauge geometry. The outgoing particle need not be "the same local field configuration" in
every microscopic coordinate, but it must satisfy the gauge constraints of the complete theory.

CONSERVATION LAW

Mass-energy, electric charge, gauge constraints, and any exact global quantum numbers protected by the
microscopic theory remain constraints. A wormhole is a topology change in connectivity, not a permission slip
for conservation-law violations.
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CHAPTER 9
The graviton qdit: geometry crossing geometry

The TOE identifies the fundamental graviton with a five-state spin-2 qdit:
|psi_g> = sum_(m=-2)"2 a_m |2,m>, sum la_m"2=1. (9.1

In four-dimensional infrared gravity, a massless graviton has two radiative helicities, while a massive spin-2
representation carries five physical polarization states. The TOE therefore treats the five-state register as
fundamental and demands an infrared projection onto the two-helicity sector that reproduces general relativity.

L_FP =-1/2 (partial_lambda h_mn)(partial*lambda h”mn) + (partial_mu h"munu)(partial_lambda
h~lambda_nu) - (partial_mu h”munu)(partial_nu h) + 1/2(partial_lambda h)(partial*lambda h) - 1/2
m_g"2(h_mn hmn - h"2) . (9.2)

On a wormhole background, a gravitational perturbation solves the linearized field equations around the throat
geometry. The gravitational wave can therefore cross if the corresponding mode is regular at the throat and has
nonzero transmission into the far side.

Here the TOE becomes almost offensively elegant: the field being transported is itself part of the geometry. A
matter particle follows the gravitational connection; a graviton is a propagating excitation of that connection. The
wormbhole is therefore a channel in which "geometry crosses geometry."

rho_m tensor product rho_g -> U_int (rtho_m tensor product rho_g) U_int"dagger . (9.3)

The same interaction Hamiltonian that couples matter to gravitational perturbations also creates backreaction.
The wormbhole throat therefore cannot be treated as a passive pipe when a sufficiently energetic gravitational
wave, particle bunch, or macroscopic object crosses it.

QDIT CONSEQUENCE

A TOE-consistent wormhole may be polarization selective. The low-energy throat could pass helicity +/-2
gravitational radiation while suppressing the massive/internal qdit states. At higher energies, compact-sector
modes could open as additional transport channels. This is a concrete, falsifiable version of the "wormhole as
quantum gate" idea.
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CHAPTER 10
Quantum information as a traversing physical state

Information is not an abstract passenger floating above physics. A quantum state is a physical state. If a wormhole
carries a quantum system from A to B, its information content is carried in the joint state of the traversing degrees
of freedom and the wormhole environment.

rho_A tensor sigma_W -> rho_B =Tr_E [ U_W (rho_A tensor sigma_W) U_W*"dagger ] . (101)

The channel is ideal only when the environment E remains decoupled or is controlled. In general the output is
noisy. The right language is quantum channel theory: fidelity, entanglement fidelity, coherent information,
classical capacity, and quantum capacity, subject to the physical energy and entropy costs of implementing the
throat.

No-cloning remains intact. If an unknown quantum state is transported faithfully, the destination receives the
state; the source does not retain an independent perfect copy generated by the transport process. A wormhole is
not a loophole in linear quantum mechanics.

F(rho, E(rho)) = [ Tr sqrt( sqrt(rho) E(rho) sqrt(rho) ) ]2 . (102)

In the ideal limit, F approaches 1 for the supported code subspace. In a realistic throat it falls below unity because
of scattering, radiation, gravitational dressing, compactification leakage, and coupling to the throat support.

Entropy gives another constraint. For a system whose gravity is important, the amount of information that can be
localized in a region is constrained by gravitational entropy bounds. The black-hole relation

S_BH =k _Bc”"3 A/(4 G hbar) . (10.3)

is the canonical warning that spacetime geometry and information capacity are not independent bookkeeping
systems. The TOE takes that clue seriously: a throat cross-section is simultaneously a geometric object, a
gravitational object, and potentially a finite-bandwidth quantum channel.

THE BIG FLIP

In the TOE, a wormhole does not merely transport matter through space. It transports distinguishable physical
state through a change in relational connectivity. Matter, energy, and information are different observables of
one underlying state transition.
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CHAPTER 11
Entanglement is not automatically a tunnel

ER=EPR provides a powerful conceptual bridge between wormholes and entanglement. Maldacena and Susskind
proposed that certain entangled black-hole states admit an Einstein-Rosen bridge interpretation, while later work
explored the relationship between geometric bridges and entanglement structure. [6,7]

But the most important negative statement is this: entanglement alone does not give an ordinary traversable
communication channel. A nontraversable Einstein-Rosen bridge is not a subway line. In the special Gao-Jafferis-
Wall construction, an additional interaction changes the stress tensor so that the bridge becomes traversable. [5]

Entanglement != ordinary signaling channel . (11.1)

For the TOE, this matters enormously. The proposed relationship between epistemic connectivity and physical
connectivity must preserve the distinction between correlation and causal transport. A correlation can be nonlocal
in the quantum description while remaining unable to transmit controllable classical information outside the
causal structure permitted by the theory.

NO CHEATING

If the TOE ever claims that "everything is connected" and therefore messages can be sent instantaneously, that
is not a triumph. It is a failure to distinguish correlation from communication. The reality veto kills it
immediately.

The more interesting possibility is subtler: the wormhole might be the geometric realization of a very special
entanglement structure, while traversability corresponds to a controlled deformation of that structure. In that
language, the throat is not created by entanglement in the generic sense; it is a particular state-dependent
relational geometry.
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CHAPTER 12
Time, causality, and the closed-timelike-curve trap

The TOE treats measurable proper time as the continuum limit of ordered invariant measurement:

dtau =tau_* dN . (121)

with recovery condition
c¢"2 d tau2 = - g mu nu dx*mu dx*nu . (12.2)

This changes the interpretation of time without changing the observed Lorentzian interval in the recovered
regime. For a wormhole, the key question becomes whether the two mouths accumulate proper time at different
rates.

If one mouth is accelerated or placed in a different gravitational potential, the elapsed proper times can differ.
When the mouths are subsequently compared, a time offset can exist. In ordinary relativistic wormhole analyses,
sufficient offset can lead to closed timelike curves. Morris, Thorne, and Yurtsever emphasized the time-machine
danger, and later work studied the global consistency problem and the role of quantum backreaction. [2,8,9]

Delta tau_A != Delta tau_B => Delta T _mouth !=0. (12.3)
A traversable shortcut + relative mouth time shift -> possible CTC . (12.4)

The TOE therefore needs a causal admissibility condition. One candidate is that the microscopic wormhole channel
exists only on histories that remain globally consistent under the full dynamical state, rather than on an externally
chosen spacetime slicing. This would not be an ad hoc "chronology protection" slogan; it would have to emerge
from the microscopic equations.

CAUSALITY KILL TEST

Any proposed wormhole mechanism must specify whether it permits closed timelike curves, forbids them, or
replaces the classical notion of a CTC with a different quantum consistency condition. "We will worry about
time travel later" is not acceptable because causality is part of the solution.

The epistemic interpretation makes this particularly interesting. If time is a measure-derived order of physical
updates, then a CTC would not merely loop a clock hand. It would demand globally consistent ordering of the
computational state. The TOE must determine whether the allowed histories form an ordinary partial order, a self-
consistent loop, or a deeper structure in which chronology is emergent from a global constraint.
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CHAPTER 13

The wormhole as a computational gate

Differentiate. Relate. Measure. Then cross.

The TOE's computational interpretation starts from a physical state | psi>, evolves it by a unitary, and reads
interaction as a gate. A wormhole extends that picture from local interaction to topology-changing connectivity.

U_int(Delta tau) = exp[ - i H_int Delta tau / hbar | . (13.1)
U_W =T expl - (i/hbar) integral_gamma H_W dtau]. (132)

The distinctive TOE idea is that the wormhole gate is not implemented by a separate machine placed inside pre-
existing space. The geometry is the gate. The path through the throat is the physical execution trace.

K3=MoRoD. 133)

Here D denotes differentiation, R relation, and M measure. A wormhole changes the available relational operation
R: two regions that were not adjacent in the ordinary four-dimensional effective geometry become connected by
an admissible causal relation.

The throat therefore has three simultaneous descriptions:

e Geometric: a region where the metric has a minimal-area throat and regular causal continuation.

e Dynamical: a solution of the 28D field equations whose stress-energy and curvature satisfy the
required matching conditions.

e Computational: a physical channel implementing a state transformation between two previously
separated regions.

The three descriptions are not three different objects. They are three levels of the same object, provided the

reduction from the microscopic TOE to the observed effective theory can actually be derived.

THE RADICAL STATEMENT

If the TOE is right, a wormhole is a programmable relation in spacetime. Not metaphorically programmable:
the physical state of the throat determines which transformations are dynamically allowed.

That sentence creates a formidable research program. It asks whether throat geometry can be treated as a control
register, whether mode-selective transport can implement quantum gates, whether topology has a computational
capacity, and whether the allowed operations are constrained by the same microscopic gate algebra as particle
interactions.
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CHAPTER 14

What the wormhole can and cannot carry

The transport table.

Payload Can it cross? Necessary condition / TOE
implication
Timelike causal curve, finite tidal field,
Massive classical matter Yes, conditionally sufficient conserved energy, stable throat,

acceptable backreaction.

Null geodesics or wave modes must transmit
Photons / EM radiation Yes, conditionally through the throat; aperture and scattering
matter.

Regular mode solution with nonzero
Quantum fields Yes, conditionally transmission; quantum backreaction must
remain consistent.

Charge can move between mouths/regions;

Electric charge Yes, but conserved . .
gauge flux and Gauss constraints remain exact.
. Same geometric and mode constraints;
Neutrals / weakly coupled matter Yes, conditionally .g i .
coupling can change detectability after exit.
Mode eigenvalue, throat overlap, and
KK / compact-sector excitations Potentially compactification selection rules must allow the
state.
o . Regular spin-2 perturbation with nonzero
Gravitational waves Yes, conditionally 8 P P

transmission; polarization can be filtered.

Infrared helicities +/-2 should be recovered;
TOE five-state graviton qdit Potentially extra states require appropriate mass/compact-
mode access.

A physical quantum channel must exist;

Quantum information Yes, conditionally fidelity, noise, energy, and entropy bounds
apply.
Quantum inequalities and backreaction
Negative-energy support Not a free payload constrain magnitude, duration, localization,
and stability.
. . Traversability is global shor m , N
A causal signal faster than light locally No aversability 1's globa S ortcut geometry, not
local superluminal motion.
. . . A wormhole transports state; it does not create
Arbitrary information from nowhere No . . P e
an information source ex nihilo.
. The compl nd constrain jon:
A conserved charge erased by transit No e complete gauge and constraint equations

forbid arbitrary disappearance.

A generic entangled state as a controllable No Entanglement alone does not establish
message channel traversability or signaling.

The bridge is not a causal shortcut;
horizons/global structure block the trip.

The table deliberately uses "conditionally” more often than "yes." That is not cowardice. It is the correct
mathematical posture. A geometry can be traversable while a particular mode is evanescent. A channel can exist
while a particular payload exceeds the tidal or energy budget. The word "wormhole" names a geometry; it does not
guarantee a universal transport service.

A traveler through a nontraversable ER bridge | No
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CHAPTER 15

Engineering the throat in TOE language

No magic. Only a sequence of equations.

Suppose, for the sake of the thought experiment, that a civilization wants to create a stable macroscopic throat. The
TOE converts that fantasy into a stack of constraints.

1. Specify the full 28D metric G_AB and compact geometry K_24.

Choose a topological sector containing two asymptotic mouths and a candidate throat.

Solve the full field equations for G_AB, I, matter, compactification fields, and quantum expectation
values.

Check the higher-dimensional null defocusing condition at the throat.

Derive the four-dimensional effective metric and verify finite redshift and flare-out.

Linearize around the solution and calculate all propagating modes and instabilities.

Calculate the mode-dependent transmission coefficients for matter, radiation, gauge fields, and
gravitons.

8. Calculate tidal curvature and backreaction for the intended payload class.

9. Calculate mouth synchronization and global causal structure.

10. Check entropy, quantum inequalities, unitarity, anomaly freedom, and vacuum stability.

11. Only after all of that ask what can be sent through.

w N

N o Us

A compact symbolic system for the throat problem is
S_TOE = integral d"28X sqrt(-G) [ ¢"3(R_28 - 2 Lambda_28)/(16 pi G_28) - 1/2(grad D"2 - V(I) + L_compact
+ L_matter + L_quantum ] . (15.1)

The wormbhole is a saddle or solution of delta S_TOE = 0 subject to boundary, topology, and quantum consistency
conditions. Its transport properties are then functionals of that solution:

T_payload = F[G_AB, I, K_24, T_matter, state_quantum, boundary data] . (15.2)

That is the real TOE version of "hack the universe." We are not bypassing the equations. We are searching the
solution space of the equations for a geometry whose legal state transitions are radically different from ordinary
space.

ENGINEERING PRINCIPLE

A useful wormhole is not one with the smallest throat. It is one with the largest stable transport capacity per
unit of support energy, curvature stress, quantum noise, and causal risk.

This suggests optimization objectives. Define a throughput functional C_W over the supported mode set, a support
cost E_s, a curvature penalty K W, and a causal-risk functional R_C. Then seek

maximize J=C_W /[ E_s (1 +alpha K_W)(1 +betaR_C)]. (153)

The exact definitions are open research problems. But the optimization framing is useful because it turns
wormhole engineering from science-fiction imagery into a constrained systems problem.
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CHAPTER 16
Falsification, observables, and the kill list

A TOE that predicts wormholes but gives no observational or mathematical failure modes is not yet a physical
theory. The wormhole sector should be attacked from every direction.

KILL LIST

The following would kill a candidate wormhole realization: a required ghost degree of freedom; unavoidable
instability on the traversal timescale; violation of gauge constraints; failure of the GR infrared limit;
uncontrollable chronology violation; quantum backreaction that destroys the throat; or an experimentally
excluded signature.

Potential observational signatures include unusual lensing and multiple-image patterns, compact-object timing
anomalies, gravitational-wave propagation or polarization effects, echoes that survive competing astrophysical
explanations, and deviations from ordinary strong-field gravity. A claimed signal must be derived from the same
parameter set that supports the wormhole; a post-hoc fit does not count.

The compactification sector also offers a particularly sharp route. If traversability opens a high-dimensional mode
channel, the outgoing state may contain additional massive spin-2 or other KK excitations. Such modes could be
dark under ordinary 4D interactions yet become visible at a wormhole mouth because the throat overlaps the
internal geometry differently from ordinary spacetime.

The TOE time hypothesis creates another test class. If proper time is emergent from invariant ordered measure,
extreme transport through a throat may alter the microscopic measurement density while preserving the
macroscopic relativistic interval. Any departure from standard quantum clocks must be predicted quantitatively. A
vague claim that "time behaves differently” has no scientific content.

Delta O_i = O_i(TOE wormhole) - O_i*(GR + QFT) . @6.1)

A genuine prediction requires a nonzero delta O_i computed before the observation is interpreted. The reality veto
is then simple: measure delta O_i. If the universe returns zero within uncertainty, the proposed effect shrinks or
dies.
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CHAPTER 17

Final synthesis: the universe has back doors -
conditionally

We can now answer the original question with enough structure to make it dangerous.

A wormbhole does not ask what object you are. It asks whether your state is a legal
solution of the geometry.

Mass can cross. Light can cross. Classical fields can cross. Quantum states can cross. Gauge charge can cross while
remaining conserved. Gravitational waves can cross. Under the TOE, compact-sector excitations may cross as well.
Information crosses whenever a physical quantum channel crosses.

But the throat is selective. Geometry chooses which geodesics exist. The wave equation chooses which modes
transmit. Compactification chooses which internal states are available. Gauge symmetry chooses which state
transformations are legal. Energy conditions choose whether the throat can remain open. Quantum inequalities
constrain the support. Backreaction changes the geometry as the payload passes. Causality constrains the global
history.

The deepest TOE claim is therefore not that wormholes are magic shortcuts. It is that transport, geometry,
information, and computation are manifestations of one relational substrate. If all is epistemic, then a wormhole is
an extreme physical realization of the K3 kernel: it creates a new lawful distinction - this region versus that region
- establishes a relation between them - the throat - and permits invariant measure along the resulting causal
channel.

ALL IS EPISTEMIC
|
v
undifferentiated state Omega
| OIP inversion
A%
distinction -> measure -> relation
|
v
28D geometry + compact sector
|
v
field states -> interactions -> graviton/geometry
|
v
wormhole throat = admissible relational shortcut
|
A%
state transport -> measurement -> new distinguishability . (17.1)

And here is the part worth remembering: the wormhole is not a violation of the universe. It is the universe, under
a different solution.
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THE UNIVERSE HAS BACK DOORS

But reality decides whether we are allowed to use them.

ONE LAST REALITY VETO

If the TOE is wrong, the wormhole extension built on it is wrong. If the wormhole equations fail, the wormhole
fails. If an observation disagrees, we update. The ambition can be fucking enormous; the epistemic discipline
cannot be negotiable.

Geometrize you crazy diamond. Then measure it.

The dream is not to escape physics. The dream is to discover what physics permits when we stop assuming that
ordinary connectivity is the only connectivity reality can have.

CHAPTER A
Derivation sheet: throat geometry and transport

This appendix collects the minimal equations in one place so the manuscript can be used as a research scratchpad
rather than merely an essay.

A.1 Morris-Thorne metric
ds”2 = -exp(2Phi) dt"2 + dr*2/(1-b/r) + 12 dOmega’?2 .
A.2 Throat
b(r0)=r0, b'(r0)<1, Phi(r0) finite .
A.3 Raychaudhuri
dtheta/dlambda = -(1/2)theta’2 - sigma”2 + omega”2 - R_mn k”m k”n .
A.4 Flare-out
R_mn k”m k”n < 0 at a hypersurface-orthogonal minimal null throat .
A.5 Einstein relation
T_mn k”m k”n < 0 in ordinary GR at the throat .
A.6 Stress tensor
rho=b'/(8pi 1"2), p_r=[-b/t"3+2(1-b/r)Phi'/r]/(8pi).
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A.7 NEC at throat
rho+p_r=[b'(r0)-11/(8pi r072)<0 .

A.8 28D geometry

dS"2 = G_AB dX*A dX"B, A,B=0....,27 .
A.9 KK expansion

Psi(X)=sum_n psi_n(x)Y_n(y).

A.10 Mode equation

[-dA2/dr_*A2+V_n(r)]Ju_n=omega”2u_n .
A.11 WKB transmission

T_n approx exp[-2 integral sqrt(V_n-omega”2) dr_*].
A.12 Quantum channel
rho_B=Tr_E[U_W(rho_A tensor sigma_W)U_W"dagger].
A.13 Time as measure
d tau=tau_* dN, ¢"2 d tau"2=-g_mn dx"m dx"n .
A.14 TOE support
G_AB=(8pi G_28/c"4)T_eff_AB plus cosmological/field terms .

The equations above are deliberately separated into exact established structures, conditional reductions, and TOE
hypotheses. The manuscript never uses a speculative equation to erase an established constraint.

CHAPTER B

Mode selection and the wormhole transport spectrum

A particularly testable TOE construction treats the throat as a spectral device. For every field species s and compact
mode n, define a transmission probability T_(s,n)(omega,ell,m). The total transported flux is then

F_out = sum_(s,n,ell,m) integral d omega T_(s,n,ell,m)(omega) F_in(s,n,ell,m;omega) . (B.1)

A throat that passes only low-energy visible modes has a different observational footprint from one that opens KK
channels above a threshold. For a massive internal mode, a schematic threshold is

hbar omega >=m_n c¢"2 . (B2)

The exact condition depends on the geometry and conserved quantities. A wormhole may also mix modes, so the
true object is a transmission matrix rather than a scalar probability:

a_out=S_W(omega)a_in, S_W"dagger S W<=1. (B3)

Equality corresponds to a lossless closed scattering sector; strict inequality signals coupling to inaccessible throat
or environmental degrees of freedom. This gives the TOE a direct bridge to scattering theory.

CHAPTERC

Nick Rugai | Working manuscript | 21



WORMHOLES - ALL IS EPISTEMIC TOE

Chronology as a global constraint

Let the two mouths A and B have worldlines with proper times tau_A and tau_B. A mouth synchronization offset
can be represented by a scalar Delta T in an external coordinate chart. The relevant object is not the coordinate
time itself but the existence of a closed timelike or null curve in the full metric.

There exists CTC <=> exists closed curve gamma with ds”2 < 0 everywhere along gamma . (C.1)

A candidate TOE must determine whether its microscopic dynamics permit such a curve after including quantum
stress, throat motion, and the emergent-time prescription. A chronology condition could take the form of a global
admissibility functional

Clhistory] = 1 for globally consistent histories, 0 otherwise . (C.2)

But the value of such a functional must ultimately arise from the theory. It cannot simply be inserted because we
dislike time machines.

CHAPTER D

Research program: from manifesto to calculation

The next stage is not more rhetoric. It is derivation. The wormhole sector of the TOE becomes serious when the
following objects can be computed from the same microscopic action:

e The admissible topology and compact geometry K_24.

e The complete 28D constraint algebra and Hamiltonian or covariant dynamics.

e The exact I-field sector and its quantum completion.

e The graviton qdit algebra and the mechanism reducing five states to the observed two-helicity
infrared graviton.

e A static or dynamical wormhole solution with a regular throat.

e Therenormalized stress tensor and the null-energy budget at the throat.

e The linear perturbation spectrum and stability eigenvalues.

e The scattering/transmission matrix S_W for Standard Model fields, gravitons, and compact modes.

e The backreaction of a finite payload.

¢ The quantum information capacity and noise channel.

e The global causal structure and chronology condition.

e A parameter-linked list of observables and null tests.

ONE ASSUMPTION. EVERYTHING ELSE EARNS ITS PLACE.

That remains the governing scientific standard. The manuscript is intentionally rebellious in scope and
conservative in epistemology.
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RESEARCH STATUS
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