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STATUS AND CLAIM BOUNDARY

This document presents a speculative hypothesis plus a mathematically explicit toy realization. The numerical results
validate properties of that toy model only. They are not evidence that the physical vacuum contains a hidden network,
that spacetime has been derived, or that VWTUT is an established physical theory.

Version 2 replaces an inserted phenomenological memory timescale with a memory kernel derived from an explicit hidden
Hamiltonian.
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Abstract

The Vacuum Web Transdimensional Unification Theory (VWTUT) is a speculative framework in which the
observable sector is treated as a coarse-grained description coupled to additional hidden degrees of freedom. The
original draft expressed this idea primarily through a phenomenological vacuum-web field W(x). Version 2 keeps
that effective-field viewpoint but adds a more explicit microscopic toy realization: a finite hidden graph with
Hamiltonian H_B, coupled to an observable sector through G. Eliminating the hidden amplitudes yields an exact
retarded term in the reduced observable dynamics, with memory kernel K(t-s)=G exp[-i H_B(t-s)] G. Thus, within
this toy construction, temporal nonlocality is not independently inserted; it follows from the hidden-sector spectrum
and coupling.

A sequence of numerical tests was used to separate exploratory behavior from prospective checks. Early
phenomenological memory tests exposed proxy and control failures, motivating the derived-kernel formulation. In
the final Test 2H audit, topology-dependent kernels remained distinguishable under stronger controls: minimum
kernel separation 0.01691 RMSE, noisy blind topology classification 100.0%, measured g=0 hidden-sector leakage
0, maximum full-system norm drift 4.44x10A-16, and reduced-versus-full RMS error 1x10A-5. These results
establish internal consistency of the specified finite-dimensional toy model, not empirical support for VWTUT.

The principal scientific question is therefore sharpened: if a structured hidden sector existed and coupled to
observable degrees of freedom, could its topology and spectrum leave falsifiable reduced-dynamics signatures?
Version 2 formulates that question explicitly, identifies conventional open-system physics that can mimic such
signatures, and outlines the additional derivations and experiments required before any claim about the physical
vacuum would be warranted.

1. Introduction

Quantum field theory assigns nontrivial structure to the vacuum through field fluctuations, correlations, polarization
effects, and boundary-dependent phenomena. VWTUT proposes a stronger and explicitly speculative possibility: that
the low-energy observable description is coupled to additional microscopic degrees of freedom that can be
represented, at least in a toy model, as a structured network.

The original VWTUT draft deliberately remained phenomenological. It described a 'vacuum web' as a dense
informational graph, treated observable fields as coarse-grained variables, and introduced a local order parameter
W(x) to discuss possible effects on noise, dissipation, and coherence. That formulation was useful as an organizing
heuristic but left a central ambiguity: non-Markovian behavior was discussed as a possible property of W without
deriving it from a specified hidden dynamics.

Version 2 addresses that ambiguity. The central change is methodological rather than rhetorical: specify a minimal
hidden Hamiltonian, couple it to an observable sector, eliminate the hidden variables exactly, and inspect the reduced
dynamics. This produces a memory kernel whose temporal structure is fixed by the hidden spectrum. The
construction is standard in spirit for reduced/open-system dynamics; the VWTUT-specific hypothesis is the physical
interpretation assigned to the hidden sector and the proposal that engineered systems might reveal substrate-level
structure beyond conventional environmental models.

2. Hypothesis, Model, and Claim Hierarchy

2.1. Hypothesis

VWTUT hypothesizes that the effective vacuum relevant to observable quantum systems may include structured
hidden degrees of freedom not explicitly represented in a low-energy 3+1-dimensional description. The term
'transdimensional’ is retained as a hypothesis label for degrees of freedom that are not assumed to correspond one-to-
one with ordinary spacetime points. No specific compactification, wormhole geometry, or microscopic quantum-
gravity realization is required by the Version 2 toy model.
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2.2. What is modeled

The present model contains two finite sets of amplitudes: an observable sector a(t) and a hidden sector b(t). The
hidden sector is a graph. Its adjacency matrix determines a tight-binding-like Hamiltonian. The observable sector
couples to the hidden sector through a matrix G.

2.3. What is not derived

The model does not derive Lorentzian spacetime, Einstein gravity, the Standard Model, the cosmological constant,
particle generations, or a laboratory coupling magnitude. It also does not establish that the hidden graph is physically
real. Those are separate problems. In particular, 'emergent spacetime' is treated here as a possible long-term research
direction rather than a result.

3. Effective Field-Theory Layer

The original effective description is retained as a coarse-grained layer. For illustration, let ¢(x) denote an observable
bosonic mode and W(x) a phenomenological order parameter summarizing hidden-sector influence:

L=L ¢+L W+L_int
L_¢ = 1/2 (0_up)(@ ) - 1/2 m*¢p?
LW = 1/2 (_uW)(@ W) - V(W)
L_int = -g(W) ¢?

This Lagrangian is not presented as the microscopic theory. It is an effective language for possible shifts in
dispersion, noise, dissipation, and response. Version 2 therefore separates the roles clearly: W(x) belongs to the
phenomenological layer; the finite hidden Hamiltonian below supplies an explicit toy mechanism for how structured
hidden dynamics can generate reduced temporal memory.

4. Microscopic Toy Realization

4.1. Block Hamiltonian
Let the combined observable-plus-hidden state be ¥(t)=(a(t), b(t))" and write
H=[H_A G; Gf H_B]
with Schrédinger-type evolution (h=1)
i d/dt [a(t); b(t)] = H [a(t); b(t)].

H_A governs the observable sector, H_B governs the hidden sector, and G couples them. For the simplest graph
realization used in the numerical work, H_B = o I + J A, where A is the hidden graph adjacency matrix, J is the
hidden hopping scale, and w, may be set to zero in dimensionless tests because a common spectral offset does not
create topology discrimination by itself.

4.2. Hidden topology fixes the spectrum

If H_B is Hermitian, it admits eigenpairs H_B|n)=¢_n[n). Different non-isomorphic hidden graphs generally produce
different eigenvalue spectra and eigenvectors even when node count, edge count, and overall coupling scales are
matched. Those spectral differences are the bridge between hidden topology and observable temporal response.

5. Derivation of the Reduced Memory Kernel

The coupled equations are
ia(t)=H_A a(t) + G b(t)
i b(t) = Gt a(t) + H_B b(t).
The hidden equation can be solved formally:
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b(t) = e*(-iH_B t)b(0) - i f' e”[-iH_B(t-s)] G a(s) ds.
Substituting this expression into the observable equation gives
ia(t)=H_A a(t) + G e"(-iH_B t)b(0) - i f' K(t-s)a(s) ds,
where the retarded kernel is
K(t-s) = G e”[-iH_B(t-s)] G¥.

This is the central mathematical result of Version 2. Once H_B and G are specified, the reduced memory kernel is
fixed. No separate phenomenological memory variable M(t), decay time 1, or hand-chosen kernel shape is required.

In the frequency/resolvent domain the same structure appears through a self-energy-like term
2(z) =G (z- H_B)"(-1) GT.

The poles of X(z) occur at hidden-sector eigenvalues (subject to coupling selection rules). Consequently, the hidden

spectrum determines which temporal and spectral features can enter the observable reduced dynamics.

6. Relation to Standard Open-System Physics

The appearance of a memory kernel after eliminating unobserved degrees of freedom is not unique to VWTUT.
Projection-operator and generalized-master-equation methods, including the Nakajima-Zwanzig formalism, provide
a standard framework in which reduced dynamics can be nonlocal in time. Therefore, the existence of memory by
itself is not a distinctive VWTUT prediction.

The discriminating burden is stronger: a proposed hidden-sector model must predict a specific kernel, spectral
structure, scaling law, cross-device correlation, or geometry dependence that survives comparison with conventional
baths, material defects, two-level fluctuators, electronics, thermal drift, and other ordinary environmental

explanations.

7. Numerical Falsification Program

The simulation sequence was intentionally iterative. Failed or compromised tests were retained as diagnostics rather
than redefined as successes. The progression is summarized below because it explains why the derived-kernel

formulation was adopted.

Stage Question Outcome Interpretation
Does hidden structure affect 4D Narrow technical pass; replication | Motivated stricter topology and
Test 1 : o :
exchange? flaw identified control design.
Does inserted memory separate Direct memory kick and zero-
Tests 2A-2B o ysep Implementation/design artifacts divergence controls made metrics
histories?
structurally favorable.
Hidden state differences can
Test 2C Matched-state history challenge Cad thresholds passed, . generatle rgduc}ed non-
conceptual confounds remained Markovianity without proving an
added memory variable.
Does recovered persistence . . Primary proxy pro_du.ceq Inverse
Test 2D ; Prospective fail monotonic behavior; failure was
scale with 1?
locked.

. Does hidden decay/response ) ) ) - Showed the failed proxy was
2D audit transfer scale with t? Diagnostic correlations positive misleading; did not rescore 2D.
Test 2E Prospective observable T scaling Fail: p=0.700, 3/4 increasing Monotonlc T-response hypothe3|s

steps did not meet frozen criteria.
L . No interior preferred timescale;
Rising, flattening response . .
Test 2F Dense exploratory T map — generated saturation hypothesis
through 1=6
only.
) ) i Toy memory equation
Test 2G Prospective asymptotic saturation | Pass approached constant-memory
ceiling with approximately
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inverse-T deficit.

Topology - spectrum - kernel - o
Derive memory from H_B and S bservable-response chain

Pass under frozen audit criteria . e .
test stronger controls survived the specified numerical
controls.

Test 2H + audit

8. Prospective Asymptotic Test of the Phenomenological Branch

Before abandoning the phenomenological memory variable, Test 2G checked a prediction frozen after the
exploratory map: for M=-M/t over a finite observation window, increasing t should approach a constant-memory
(t - o) response, with a high-t deficit approximately proportional to 1/t.

T1- = ceiling Increasing steps Asymptotic slope R? =20 gap n=0 area

4.63843 6/6 -0.840 0.998 10.0% 4.20x10"-4

The test cleared its frozen numerical criteria. This result is useful because it closes the phenomenological branch
cleanly: the observed flattening is consistent with the asymptotics of the inserted memory equation rather than an
interior resonance. It does not provide independent evidence for a physical memory timescale.

9. Test 2H: Derived Topology-Dependent Memory

Test 2H replaced the inserted M(t), n, and t construction with a kernel derived from H_B. Matched hidden
topologies were assigned the same nominal coupling scales while differing in graph organization. Their spectra
generated distinct kernel traces. An audit version then strengthened the controls by using independent noisy trials, an
actual g=0 evolution, full-system unitary conservation, and a direct comparison between reduced-kernel and full-
system dynamics.

Audit quantity Result Frozen check
Mlnlmum topology-dependent kernel 0.01691 RMSE PASS
separation

Indep_gndgnt noisy blind topology 100.0% PASS
classification

Measured g=0 hidden-sector leakage 0.00 PASS
Maximum full-system norm drift 4.44x10"-16 PASS
eRr(igruced-kernel vs full-dynamics RMS 0.00001 PASS

Within the specified finite-dimensional model, the audit therefore closes an internal chain: hidden topology
determines H_B; H_B determines its spectrum; the spectrum determines K(t); and K(t) reproduces the observable
reduced dynamics to the reported numerical tolerance.

The 100% classification result must be interpreted as a property of the chosen toy classes and noise level, not as an
estimate of real-world detectability. A harder replication should randomize graph realizations within each class, vary
source nodes and couplings, use held-out drive protocols, and compare against conventional structured-bath models.

10. What Version 2 Does and Does Not Establish

10.1. Established inside the toy model

¢ A Hermitian hidden Hamiltonian coupled to an observable sector can be eliminated exactly to produce retarded
reduced dynamics.

¢  The resulting kernel is determined by the hidden Hamiltonian and coupling rather than by an independently
inserted decay time.

¢ Different hidden graph topologies can generate different spectra and kernel fingerprints under matched nominal
coupling scales.
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¢ The audited numerical implementation can reproduce full-system observable dynamics with the derived reduced
kernel at the reported tolerance.

10.2. Not established

e  That the physical vacuum contains the modeled graph or any comparable hidden network.

e That the model derives spacetime, gravity, quantum nonlocality, thermodynamic irreversibility, or Standard
Model structure.

e That a laboratory device couples to the proposed hidden sector with measurable strength.

¢ That any observed non-Markovian noise would be uniquely attributable to VWTUT rather than an ordinary
environment.

e That the toy parameters map to a preferred physical frequency, length, energy, or cosmological scale.

11. Experimental Consequences and Discrimination Strategy

The original experimental emphasis on structured versus unstructured environments remains useful, but Version 2
changes what should be sought. The primary target is no longer a generic anomaly. It is a reproducible response
feature that can be connected to a predicted kernel or spectral structure and that cannot be reproduced by
conventional environmental models.

11.1. Near-term measurements

®  Matched structured and control cavities: compare resonance, Q, dissipation, and noise while controlling
geometry, materials, leakage, parasitic capacitance, and thermal gradients.

e Temperature sweeps: repeat at multiple temperatures to separate ordinary material loss channels from any
geometry-dependent residual.

®  Drive-protocol tests: use broadband, pulsed, and randomized drives and ask whether one fixed response kernel
predicts held-out protocols.

® Cross-device replication: test whether the same inferred kernel structure appears across nominally independent
devices or material platforms.

11.2. Required null models

Any experimental claim must be compared against dielectric loss, conductor loss, two-level systems, trapped charge,
mechanical modes, electromagnetic cross-talk, thermal lag, instrument filtering, feedback loops, and other sources of
apparent memory. A VWTUT interpretation becomes scientifically interesting only if a pre-specified substrate model
outpredicts these alternatives on held-out data.

12. Emergent Spacetime as a Separate Research Program

The graph language naturally invites an emergent-spacetime question, but Version 2 does not identify graph distance
with physical distance or claim that a 3+1-dimensional Lorentzian manifold has emerged. A serious derivation would
need to show how effective locality, dimensionality, causal structure, approximate Lorentz symmetry, and
gravitational dynamics arise in an appropriate limit.

For that reason, emergent spacetime is treated as a future branch rather than as support for the present model. The
current result is narrower: a hidden structured sector can produce a calculable reduced memory kernel.

13. Next Theoretical Tests

1. Graph-ensemble replication: replace single representative graphs with ensembles having matched degree
distributions and controlled modularity; pre-register topology statistics.

2. Weighted-kernel formulation: use physically motivated weighted H_B elements rather than treating all graph
edges as identical.

3. Observable-only model comparison: compare the exact derived-kernel model with a fixed-complexity
Markovian reduced model on identical held-out drive protocols and identical forecast horizons.
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4. Continuum/large-N limit: determine whether kernel features persist, vanish, or become universal as hidden-
system size increases.

5. Symmetry and EFT matching: derive which effective operators are allowed by Lorentz and gauge symmetry and
whether the finite hidden model can map consistently onto the W(x) layer.

6. Scale setting: only after a dimensionless robust feature exists should physical length, time, energy, or frequency
scales be introduced from independent physics rather than selected to match a desired signal.

14. Conclusion

VWTUT Version 2 reframes the vacuum-web proposal as a sharply bounded modeling program. The hypothesis
remains speculative: observable physics may be coupled to structured hidden degrees of freedom. The principal
advance is that a minimal hidden Hamiltonian now supplies a concrete mathematical mechanism. Eliminating that
sector yields an exact reduced memory kernel K(t-s)=G exp[-iH_B(t-s)]GT, tying temporal response directly to
hidden topology and spectrum.

The numerical program did not proceed as a sequence of uninterrupted successes. Several early memory tests failed
prospectively or were found to contain design artifacts. Those failures motivated the derived-kernel construction.
Under the stronger Test 2H audit, the specified toy model passed its frozen internal-consistency checks, including a
true decoupling null, full-system norm conservation, and reduced-versus-full agreement.

The appropriate conclusion is therefore limited but substantive: the proposed hidden-sector mechanism is
mathematically testable and produces calculable reduced signatures in a controlled toy model. The next scientific
burden is uniqueness and empirical discrimination. A physical VWTUT claim would require a scale-setting
derivation, conventional null models, pre-registered laboratory predictions, reproducible data, and independent
replication.
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Appendix A. Version 2 Revision Notes

Relative to the prior draft, Version 2 makes four structural changes: (1) the phenomenological W(x) Lagrangian is
explicitly demoted from a candidate microscopic theory to an effective descriptive layer; (2) a finite hidden
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Hamiltonian is introduced as the microscopic toy realization; (3) the reduced memory kernel is derived by
eliminating hidden amplitudes; and (4) simulation outcomes are separated into failed, exploratory, prospective, and
audited stages rather than presented as cumulative evidence.

The earlier engineering discussion is retained only as an experimental motivation. Claims that engineered structures
can alter coupling to a physical vacuum web remain hypotheses until a quantitative mapping from device parameters
to H_B and G is derived and tested.
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