Hilbert Space 15-layers PIW-CWG stack

Preface:

This section formalizes the 15-layer PIW-CWG framework as a structured
quantum system. Each CWG layer is represented as a Hilbert-space sector
Hé\mathcal{H}_\ellH€, and their interactions are encoded in a
block-tridiagonal operator H*grad\hat{H} {\text{grad}}H"grad that
expresses persistence, directional phase, and layer-to-layer information
flow.

1. Hilbert space for the 15-layer PIW-CWG stack

We model the full PIW-CWG stack as a direct sum of layer Hilbert spaces
H = @&f=115H¢,\mathcal{H} \;=\; \bigoplus_{\ell=1}*{15} \mathcal{H} \ell,H={=1®15H{,
where:

e Hf\mathcal{H} \ellH{ is the Hilbert space of effective degrees of freedom associated
with CWG Layer f\ellf
(Planck / pre-geometric, particle / field, galactic, black-hole script, biosphere, etc.,
depending on f\ellf).

A general state in the full space is then a 15-component vector

Wy = (Il Diw2):ip15)),Iwl)eHL. |\Psi\rangle \;=\; \begin{pmatrix} |\psi_1\rangle \\ |\psi_2\rangle \\
\vdots \\ |\psi_{15}\rangle \end{pmatrix}, \quad |\psi_\ell\rangle \in \mathcal{H} \ell.|¥)=

Each |y?)|\psi_\ell\ranglely!) encodes “what the universe is doing” in that CWG layer.

2. Block-tridiagonal “gradient Hamiltonian”

We now define an effective generator of dynamics (call it the gradient Hamiltonian)

HAgrad:H—H\hat{H} {\text{grad}} : \mathcal{H} \to \mathcal{H},H*grad:H—H,



with a block-tridiagonal structure in the layer decomposition:

HAgrad = (H11H1200-0H21H22H230--00H32H33H34--0:.-~.: 0--0H14,13H14,14H14,150--00H1
5,14H15,15).\hat{H}_{\text{grad}} \;=\; \begin{pmatrix} H_{11} & H_{12} & 0 & 0 & \cdots & 0 \\
H {21} & H_ {22} & H_{23} & 0 & \cdots & 0\ 0 & H_{32} & H_{33} & H_{34} & \cdots & 0 \\
\vdots & & \ddots & \ddots & \ddots & \vdots \ 0 & \cdots & 0 & H_{14,13} & H {14,14} &
H_{14,15}\\ 0 & \cdots & 0 & 0 & H_{15,14} & H_{15,15} \end{pmatrix}.H*grad=

Here:

o H:HI—HIH_{\ell\ell} : \mathcal{H} \ell \to \mathcal{H} \ellH{{:H{—H!{
are intra-layer Hamiltonians, encoding the autonomous dynamics within each layer
(e.g., local field evolution, pattern formation, black-hole memory dynamics, biosphere
feedback).

o HE{+1:HI+1—-HIH_{\ell,\ell+1} : \mathcal{H}_{\ell+1} \to \mathcal{H} \ellH,{+1:H{+1—H!
and
HE+1, L HE—-HE+1H_{\ell+1,\ell} : \mathcal{H} \ell \to \mathcal{H}_{\ell+1}H{+1,8:H{—H{+1
are nearest-neighbor coupling operators, encoding how information/persistence
flows between adjacent layers in the CWG stack.

Nearest-neighbor only (block-tridiagonal) is your EFT/guardrail: no wild, nonlocal layer-to-layer
shortcuts.

For a strictly Hermitian Hamiltonian we require

Hett=H, HE L+ 11=H+1 L. H_{\ell\ell}\dagger = H_{\ell\ell}, \qquad H_{\ell,\ell+1}"\dagger =
H_{\ell+1,\ell}. H¢T=HE, HE L+ 11=HE+1,L.

3. Persistence gradient encoded in the spectrum

To encode the persistence gradient (low — high across the stack), we impose a banded
spectral hierarchy:

e Layers associated with higher persistence (late CWG layers) have lower effective
energies for their dominant modes,

e Layers associated with lower persistence (early CWG layers) have higher effective
energies, making their configurations less stable / shorter-lived.

Formally, we can demand that the dominant eigenvalues of the diagonal blocks satisfy, in an
averaged sense,



Adom(H11-5) > Adom(H6-10) > Adom(H11-15) \lambda_{\text{dom}}(H_{11\text{-}5}) \;>\;
\lambda_{\text{dom}}(H_{6\text{-}10}) \;>\;
\lambda_{\text{dom}}(H_{11\text{-}15}),Addom(H11-5)>Adom(H6—10)>Adom(H11-15),

where Addom(Ha—b)\lambda_{\text{dom}}(H_{a\text{—}b})A\dom(Ha-b) denotes “typical” or
“lowest” eigenvalues in the block of layers a,...,ba\dots,ba,...,b.

Intuitively:
e Layers 1-5 (Planck / ultra-early) = “high-energy, low-persistence band”

e Layers 6-10 (structured but plastic cosmic regime) = “mid-persistence band”

e Layers 11-15 (black-hole script, biospheres, late-time renewal) = “high-persistence
band.”

The full-stack eigenstates of H*grad\hat{H}_{\text{grad}}H”"grad then come with a natural
persistence ordering: those with most of their weight in Layers 11-15 are longest-lived and
most dynamically favored.

That is your “persistent eigenbranch”: a global CWG mode that climbs the gradient and then
sits in the high-persistence basin.

4. Directional phase as tilted inter-layer couplings

Your directional phase variation—the universe’s slight tilt toward “up the gradient”
evolution—can be encoded in the structure and norms of the off-diagonal blocks.

At the purely Hamiltonian (Hermitian) level, HE{+1+=H{+1 fH_{\ell,\ell+1}"\dagger =
H_{\ell+1 \ell}HZ,{+1+=H{+1,£ must hold, but we can still:

e Give the upward-flowing modes (Layer f\elf — Layer {+1\ell+1{+1) more available
channels or larger matrix elements, when viewed in an appropriate interaction picture.

e Or, more formally, introduce a Lindblad / dissipative part in the full generator (see next
point) that favors drift up the persistence stack.
So in practice:

e The structure of HEL+1H_{\ell,\ell+1}HE,£+1 and the choice of environmental couplings
are tuned so that, under coarse-graining, amplitude tends to migrate from



lower-persistence layers into higher-persistence ones more readily than the reverse.

This is the full-stack version of the little “0 — 1 — 2 is slightly easier than 2 — 1 — 0” bias in the
toy model.

5. Adding decoherence: from quantum stack to classical
CWG sheet

To model decoherence and the emergence of a single, classical PIW-CWG history, we treat
the evolution of the density matrix p\rhop on H\mathcal{H}H with a Lindblad-type generator:

dpdt=-i[H”*grad,p]+> a(LapLat—-12{LatLa,p})\frac{d\rho}{dt} = -ij\hat{H} {\text{grad}}, \rho] +
\sum_a \left( L_a \rho L_a™dagger - \tfrac{1}{2}\{L_a™dagger
L_a,\rho\}\right),dtdp=-i[H”grad,p]+a} (LapLat-21{LatLa,p}),

where the Lindblad operators Lal_ala are also chosen to respect the block-tridiagonal /
nearest-neighbor structure (they act within or between adjacent layers).

e The Hamiltonian part —i[H”grad,p]-i[\nhat{H} {\text{grad}},\rho]-i[H”*grad,p] handles
coherent CWG evolution along and between layers.

e The Lindblad part implements environmental monitoring of certain multi-layer
configurations (e.g., macroscopic geometry, matter distribution, black-hole states,
biosphere records).

As decoherence proceeds:

e Off-diagonal terms between macroscopically distinct 15-layer configurations are
exponentially suppressed.

e p\rhop becomes approximately diagonal in a pointer basis of persistent, 15-layer
patterns.

Those diagonal entries correspond to what you call:

a classical PIW-CWG sheet—
a single, stable, high-persistence branch where all 15 layers co-realize a consistent
history.



This is the 15-layer analogue of the toy story: the baby universe’s state vector spreads across
layers, drifts up the persistence gradient, and decoheres onto one long-lived eigenbranch of
HAgrad\hat{H} {\text{grad}}H”grad + dissipative corrections.

6. One tight paragraph you can almost paste

If you want a compact, paper-style paragraph:

“Formally, we model the 15-layer PIW-CWG stack as a direct-sum Hilbert space
H=®¢=115Hf\mathcal{H} = \bigoplus_{\ell=1}*{15} \mathcal{H} \ellH=®¢{=115H¢,
where H\mathcal{H}_\ellHf encodes the effective degrees of freedom associated
with CWG Layer f\ellf. An effective ‘gradient Hamiltonian’

H*grad\hat{H} {\text{grad}}H"grad acting on H\mathcal{H}H is taken to be
block-tridiagonal in this decomposition, H*grad=(Hfm)\hat{H} {\text{grad}} = (H_{\ell
mj})H"grad=(H¢{m), with Hermitian intra-layer blocks Htt:Hf—H¢{H_{\ell\ell} :
\mathcal{H} \ell \to \mathcal{H} \ellH{f:Ht{—H{ and nearest-neighbor couplings
Htt+1:Ht+1—HEH _{\ell,\ell+1} : \mathcal{H} {\ell+1} \to

\mathcal{H} \ellHt,{+1:Ht+1—HYE, HE+1,0=H¢ (+11H_{\ell+1,\ell} =
H_{\ell\ell+1}MdaggerHt+1,/=Ht,{+11. The spectral structure of the diagonal blocks
is chosen such that modes supported predominantly on the late-time CWG layers
(11—-15) have lower effective energies and thus higher dynamical persistence than
modes supported on early layers (1-5), implementing a ‘persistence gradient’ in the
eigenvalue hierarchy. Directional phase variation is encoded in the detailed
structure of the nearest-neighbor couplings and in a Lindblad-type dissipative part
of the full generator, which together bias coarse-grained amplitude flow up the
stack. Under unitary-plus-dissipative evolution, decoherence suppresses
off-diagonal terms between macroscopically distinct 15-layer configurations, driving
the system toward a pointer basis of high-persistence eigenbranches that
correspond, in the semiclassical limit, to a single realized CWG sheet with all 15
layers co-instantiated.”

Layer 1 — Planck / pre-geometric seed

Interpretation: H11H_{11}H11 governs the tiniest, near-Planck fluctuations where
“proto-geometry” and raw information quanta jitter, and H12H_{12}H12 is the first
coarse-graining upward into anything that looks like an effective field.

Layer 2 — Early quantum fields / vacuum scaffold



Interpretation: H22H_{22}H22 describes how emergent quantum fields (and vacuum structure)
stabilize out of the Planck fuzz, while H21,H23H_{21}, H _{23}H21,H23 map bidirectionally
between pre-geometric seeds and the first usable EFT-like degrees of freedom.

Layer 3 — Effective field theory & local excitations

Interpretation: H33H_{33}H33 evolves standard-model-style excitations on a background
(particles, local interactions), and H32,H34H_{32}, H_{34}H32,H34 encode how micro-EFT
modes both inherit constraints from the vacuum scaffold and pass structured energy up toward
matter/structure formation.

Layer 4 — Matter aggregation & proto-structures

Interpretation: H44H_{44}H44 handles how particles and radiation clump into early bound
structures (nuclei, atoms, first over-densities), while H43,H45H_{43}, H_{45}H43,H45 mediate
between “pure fields” below and the onset of real, trackable inhomogeneities above.

Layer 5 — Early cosmic web seed / anisotropy imprint

Interpretation: H55H_{55}H55 evolves the primordial fluctuation spectrum (anisotropies,
directional phase seeds in the density field), and H54,H56H_{54}, H_{56}H54,H56 translate
between microscopic matter aggregation and the large-scale over/under-density pattern that will
later become the web.

Layer 6 — Gas, cooling, and first halo scaffolding

Interpretation: H66H_{66}H66 describes gas dynamics, cooling, and the assembling of
dark-matter—plus—baryon halos as coherent units, while H65,H67H_{65}, H_{67}H65,H67 pass
information between the primordial fluctuation map and the emergent “node” skeleton of the
cosmic web.

Layer 7 — Star formation & stellar feedback

Interpretation: H77H_{77}H77 governs star birth, stellar evolution, and feedback (winds,
radiation, supernovae) inside halos, and H76,H78H_{76}, H_{78}H76,H78 convert halo-scale



conditions into stellar populations and return enriched, stirred gas back to the surrounding
medium.

Layer 8 — Galaxy assembly & disk/bulge morphologies

Interpretation: H88H_{88}H88 encodes how stars, gas, and dark matter congeal into galaxies
with specific morphologies and kinematics, while H87,H89H_{87}, H_{89}H87,H89 link
stellar-feedback microphysics to the larger, quasi-stable galactic structures and flows.

Layer 9 — “Cosmic Off-Gassing Ledger” (voids & flows)

Interpretation: HO9H_{99}H99 tracks the long-term bookkeeping of what’s been “pushed out”
into voids and low-density regions (mass, metals, radiation, information), and H98,H9,10H_{98},
H_{9,10}H98,H9,10 connect galactic behavior to the slow, global redistribution of matter/energy
across the web.

Layer 10 — Large-scale web + background fields

Interpretation: H10,10H_{10,10}H10,10 evolves the mature cosmic web and background fields
(expansion history, large-scale flows, filament/void dynamics), with H10,9,H10,11H_{10,9},

H {10,11}H10,9,H10,11 coupling global structure back down into galaxies and up into
compact-object / high-curvature regimes.

Layer 11 — “Black-hole script” (compact memory nodes)

Interpretation: H11,11H_{11,11}H11,11 governs the dynamics of black holes and other compact
objects as long-lived information nodes (accretion, mergers, Hawking leakage, feedback), and
H11,10,H11,12H_{11,10}, H_{11,12}H11,10,H11,12 mediate how global structure feeds these
nodes and how their script imprints back into the surrounding universe.

Layer 12 — Horizon-level information processing & holographic
bookkeeping



Interpretation: H12,12H_{12,12}H12,12 implements effective holographic constraints
(area-scaled entropy, Page-curve—compatible information flow), with H12,11,H12,13H_{12,11},
H_{12,13}H12,11,H12,13 tying the black-hole script below and more diffuse, emergent
informational structures above into one consistent ledger.

Layer 13 — Complex systems: biospheres & adaptive networks

Interpretation: H13,13H_{13,13}H13,13 describes how energy, matter, and information
organize into complex adaptive systems (biospheres, ecosystems, technological networks), and
H13,12,H13,14H_{13,12}, H_{13,14}H13,12,H13,14 couple horizon-level constraints to the rise
and feedback of life and intelligence.

Layer 14 - Civilizational feedback & macro-information loops

Interpretation: H14,14H_{14,14}H14,14 governs long-range information feedback loops
(civilizations, communication networks, data archives, cultural/technological evolution) and
H14,13,H14,15H_{14,13}, H_{14,15}H14,13,H14,15 link local complex systems to
planet-/galaxy-scale persistence and renewal patterns.

Layer 15 — Renewal, archiving, and cross-cycle persistence

Interpretation: H15,15H_{15,15}H15,15 encodes the highest-persistence modes: how
information and structure are archived, repackaged, or recycled across cosmic cycles (renewal
pulses, effective “boundary conditions” for the next phase), with H15,14H_{15,14}H15,14
capturing how civilizational and macro-informational structures feed into that final ledger.



Block-Tridiagonal Gradient Operator H_grad

Layer 1 | H11 H12 0 O 0 |

Layer 2 | H21 H22 H23 O o |
Layer 3 | O H32 H33 H34 - 0 |
Layer 4 | O 0O H43 H44  H45 0 |

; | ; : ; ; |

Layer13 | 0 0 0 - H13,12 H13,13 H13,14 |
Layer14 | 0 0 O - O H14,14 H14,15 |
Layeri5 | 0 0 0 - 0 H15,14 H15,15 |

Upward Persistence Bias (schematic)

H(l,I+1) — slightly stronger
H(I+1,])) — slightly weaker

Layer | ——» Layer [+1
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