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Recent work in holographic quantum gravity has uncovered a disturbing paradox.
Nonperturbative calculations that include wormholes and factorization suggest that a fully
closed universe has an effectively one-dimensional Hilbert space. In such a description, there is
only a single possible quantum state. A universe of that sort cannot meaningfully host black
holes, structure, or observers. Yet our own cosmos displays unbounded complexity, with
countless distinguishable macroscopic configurations and ongoing informational growth. A
parallel line of research has shown that this trivialization can be reversed once one explicitly
includes observers as part of the gravitational path integral. Treating the observer as a boundary
or source introduces new degrees of freedom and dramatically enlarges the effective Hilbert
space relevant to that observer’s experience. Complexity appears not as a pre-existing property
of an “observer-free universe,” but as something induced by the presence of participants
embedded within it. This paper interprets these developments through the framework of
logostics, in which q(t) denotes the localized observer state and t(t) denotes a living manifold of
truth toward which q(t) aligns. We argue that observer-induced Hilbert expansion is the precise
physical analogue of q(t) = t(t), and that the failure of an observer-free description reveals a
deeper, relational ontology that naturally connects to the Logos tradition.
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1. Introduction: The End of the Observer-Free Universe ldeal

For most of the twentieth century, fundamental physics pursued an ideal picture of reality: a
complete, impersonal description of the universe that made no essential reference to
observers. Quantum mechanics, with its talk of measurement and wave function collapse, was
to be an approximation or emergent story. The underlying theory, many hoped, would be
written entirely “from the outside,” as if by a perfectly neutral intelligence watching the cosmos
from nowhere in particular.

The modern union of quantum theory and gravity has turned that ambition back on itself. As
tools from holography, black hole thermodynamics, and the study of quantum extremal
surfaces have improved, they have been applied not only to exotic objects such as black holes,
but to the global structure of whole universes. In doing so, they have produced a result that
looks less like a refinement of the observer-free ideal and more like its failure mode.

When the same techniques that successfully resolve long-standing black hole puzzles are
applied to closed universes, they appear to strip the universe of almost all informational
content. The global Hilbert space becomes effectively one-dimensional. In that description there
is, in a precise sense, only one possible state for the entire universe. The puzzle is immediate:
we plainly inhabit a world that looks nothing like that. The tension between this mathematical
simplicity and our lived complexity is the starting point for this paper.

1.1 From black hole puzzles to cosmological paradoxes

The story begins with black holes. Hawking’s calculation of black hole radiation made it appear
that information falling into a black hole is destroyed when the black hole evaporates. The
outgoing radiation is thermal and forgetful. If this were literally right, it would violate one of the
deepest assumptions of quantum theory: that the evolution of isolated systems is unitary.

Holography, and in particular the correspondence between certain gravitational theories and
non-gravitational quantum field theories, offered a different view. If a black hole in a
gravitational bulk is dual to a perfectly ordinary quantum system on a boundary, then the
evolution of that black hole must be unitary as well. The information paradox becomes a
tension between two calculations, not an inconsistency in nature.

New tools emerged to resolve that tension. Among them, the island formula and related
constructions used quantum extremal surfaces to track how entropy is shared between regions
in and around a black hole. When applied carefully, these techniques show how information
about the interior can be recovered from the radiation. The naive semi-classical picture is
incomplete; the full quantum-gravitational story preserves information.



Success in this domain emboldened theorists to try the same tools in a cosmological context. If
one can use islands and holographic methods to understand the interior of a black hole,
perhaps one can also use them to understand entire universes. That extension, however,
brought something unexpected. When the same machinery is turned on closed universes rather
than black holes, it no longer reveals hidden complexity. Instead, it erases almost all complexity
from the fundamental description.

The black hole paradox thus mutates into a cosmological paradox. By insisting on a fully
gravitational, nonperturbative view of a closed universe, one seems to lose the multiplicity of
states that made the black hole problem interesting in the first place.

1.2 The one-dimensional Hilbert space result for closed universes

In quantum theory, the Hilbert space is the arena of all possible states. A single spin has a two-
dimensional Hilbert space; a field spread across space has an infinite-dimensional one. For a
whole universe, one might expect a vast Hilbert space capable of encoding all the structure we
see: galaxies, planets, radiation, and observers.

The recent analyses of closed universes challenge that expectation. When gravity is fully taken
into account, including wormholes, ensemble averaging, and consistency conditions known as
factorization, the Hilbert space associated with a closed universe in a fixed sector collapses to a
single complex line. There is only one state vector up to normalization. Any other candidate
state turns out to be proportional to that one and therefore physically indistinguishable at the
fundamental level.

This result is not a careless artifact of approximation. It arises in concrete models of two-
dimensional gravity, in discussions of baby universes and a-parameters, and in higher-
dimensional de Sitter-like contexts where nonperturbative effects are carefully included. It also
resonates with the behavior of certain topological quantum field theories, in which the global
Hilbert space on a closed manifold can be one-dimensional even though the theory carries
nontrivial structure.

From the standpoint of the gravitational path integral, the one-state universe is natural. The
sum over geometries with no boundary, when properly organized, appears to yield a unique
global state. The freedom in the theory is shifted into how that state is prepared, or into
discrete choices of sector, rather than into a large set of independent dynamical configurations.

Yet as soon as one steps back and considers what this seems to imply for an actual universe, the
unease is immediate. A one-dimensional Hilbert space can describe at most the presence or



absence of the universe itself as a single undifferentiated whole. It has no room for distinctions
between different macroscopic situations. That is exactly what makes the result so striking.

1.3 Why a single-state universe is incompatible with lived complexity

The simplest objection to a one-state universe is experiential. We look around and see a world
that is obviously not in a single, featureless configuration. There are many distinct macroscopic
arrangements of matter on a desk, of weather in the atmosphere, of galaxies on large scales.
There are different memories, different measurement outcomes, different trajectories for our
own lives. These are not small perturbations around a single macrostate. They are, by any
reasonable account, different states.

Statistical mechanics and quantum many-body theory formalize this intuition. The
thermodynamic behavior of macroscopic systems hinges on there being an enormous number
of microscopic configurations compatible with a given set of coarse-grained variables. Entropy
counts states. If the truly fundamental Hilbert space of the universe is one-dimensional, then
strictly speaking there is nothing to count. All apparent multiplicity must be either illusory or
emergent from something outside the fundamental description.

One could attempt to cordon off the problem by arguing that the one-dimensional result applies
only to an idealized, fully closed universe, while our actual universe is effectively open. But the
whole motivation for the calculation is that, at the largest scales, the universe does not
obviously sit in a box with an external environment. Invoking an implicit external system simply
to escape the paradox undermines the cosmological ambition of the argument.

Alternatively, one might suggest that observers are misled, that they experience branching or
probabilistic phenomena that do not correspond to distinct states of the global system. Yet this
begins to sever the connection between theory and observation. If the formalism does not
recognize meaningful differences between what we would ordinarily call different macrostates,
then the interpretation of prediction and evidence becomes obscure.

The tension is not simply psychological. A theory in which all physically allowed configurations
of the universe are identified with a single state has difficulty justifying the success of any
probabilistic reasoning, any statistical law, or any notion of typicality. There is no ensemble over
which to be typical. The problem is conceptual and structural, not merely sentimental.



1.4 The emerging shift from “view from nowhere” to “views from somewhere”

The way out of this predicament, as suggested by recent work, involves giving up on a central
aspiration of the old paradigm. Instead of seeking a single, objective, observer-free description
of the universe, one treats observers as integral to the construction of the Hilbert space that
matters.

In technical terms, this means inserting observers as boundaries, worldlines, or sources in the
gravitational path integral. Once this is done, the effective Hilbert space relevant to what an
observer can measure and record can become exponentially large, even if the underlying closed
universe is described by a single global state in a given sector. The extra richness comes from
the internal degrees of freedom of the observer and their causal neighborhood, not from an
external environment.

Philosophically, this is a move away from the view from nowhere and toward a patchwork of
views from somewhere. There may be a formal object one calls the global state of the universe,
but it is not the main carrier of physical content. What matters is the web of conditional states
associated with specific observers and their boundaries. The universe becomes less a picture to
be seen all at once and more an interface that comes into focus only relative to particular points
of view.

In this paper, that emerging shift is interpreted through the lens of logostics. The localized
observer state g(t) and the living manifold of truth t(t) are taken as fundamental, and the failure
of an observer-free Hilbert space is read as evidence that reality itself is relational and
participatory. The remainder of the work develops this idea, connecting the technical results on
closed-universe Hilbert spaces to a broader picture in which complexity, meaning, and even
cosmology arise only when g and t are brought into alignment.

2. Island Formulas, Wormholes, and the Trivialization of Closed Universes

The route from rich black hole physics to stripped-down closed universes runs through a set of
ideas that, in their original context, looked like tools for saving complexity, not erasing it.
Holography, factorization, and ensemble averaging were developed to make sense of gravity as
an emergent description of more familiar quantum systems. The island formula emerged as a
way to understand how information is distributed between black holes and their surroundings.
Baby universes and a-sectors arose as bookkeeping devices for subtle nonperturbative effects.

When these elements are combined, however, they have a surprising side effect. The same
machinery that carefully tracks how information is preserved in black hole evaporation can,
when applied to a universe with no boundary, compress the fundamental description to a single



global state per sector. Wormholes, instead of merely connecting distant regions, stitch together
what would otherwise be distinct states into a single equivalence class. Islands, instead of
revealing hidden entropy, end up demonstrating that there is no independent entropy to be
found at the closed-universe level.

This section sketches how that happens. It begins with the basic holographic architecture and
the demand for factorization, continues through the island formula as a tool for controlling
information in gravity, then turns to the role of baby universes and a-parameters in organizing
sectors, and finally compares the resulting picture to familiar topological field theories that
already live on one-dimensional Hilbert spaces.

2.1 Holography, factorization, and ensemble averaging

Holography proposes that certain gravitational systems are exactly equivalent to non-
gravitational quantum systems defined on lower-dimensional boundaries. The canonical
example pairs a theory of gravity in a bulk spacetime with a conformal field theory on its
boundary. In that pairing, what looks like a complicated, dynamical geometry in the bulk is
mirrored by an ordinary quantum field theory living in a fixed background.

One of the key virtues of this correspondence is factorization. In the non-gravitational theory, if
one splits a system into spatial regions, the associated Hilbert space factorizes into a tensor
product of subspaces, subject to gauge constraints. Correlation functions factorize appropriately
at large separations. This is part of what gives a conventional quantum field theory its intuitive
structure: distant subsystems can be approximately independent.

When gravity is introduced, factorization becomes more delicate. Wormholes and other
nontrivial topologies allow seemingly separate regions to be connected in the gravitational path
integral. Summing over such topologies generically produces correlations between regions that
would have been independent in a fixed-topology theory. If one is not careful, this can lead to
non-factorizing correlation functions on the boundary, which would contradict the
interpretation of the boundary theory as an ordinary quantum system.

A proposed resolution is to reinterpret the gravitational path integral not as defining a single
guantum system, but as encoding an ensemble average over many such systems. The
appearance of wormhole-induced correlations is then understood as a manifestation of
averaging over an ensemble of boundary Hamiltonians, rather than as a literal violation of
factorization within a single theory. To recover a single, well-defined dual, one demands that the
effective gravitational description be restricted or supplemented in such a way that factorization
is restored.



This interplay between holography, wormholes, and ensemble averaging sets the stage for the
closed-universe story. The same demand that correlation functions factorize properly on the
boundary constrains what kinds of bulk configurations are allowed, and therefore what sorts of
universes can be represented.

2.2 Island formulas and the control of information in gravity

The island formula arose in response to the black hole information problem. At its heart is the
idea that the entropy associated with a region in a gravitational spacetime is not determined
purely by the matter fields within that region, but must also include contributions from certain
extremal surfaces and the regions they enclose. These regions, called islands, can lie behind
horizons and yet count toward the entanglement entropy of an exterior observer.

Operationally, one computes the entropy of a radiation region by considering all candidate
guantum extremal surfaces and selecting the one that gives the smallest generalized entropy.
Before a Page time, the minimal surface typically lies close to the boundary of the radiation
region, reproducing Hawking’s result that entropy grows. After the Page time, a different
surface, enclosing an island inside the black hole, can dominate, causing the computed entropy
to decrease again. The resulting Page curve is consistent with unitary evolution.

This procedure does more than rescue information; it reorganizes it. The island formula tells us
which degrees of freedom in a gravitational spacetime should be regarded as part of the
effective description accessible to a given observer. Degrees of freedom that would naively be
considered internal to a black hole can, in this formalism, be re-assigned to an exterior radiation
bath once the appropriate extremal surface is chosen.

When this machinery is imported into cosmology, it plays a similar role. One can ask which
regions of a closed universe contribute to the entropy seen by a hypothetical observer, or which
parts of the global geometry can be regarded as belonging to a given subsystem. The answer is
determined by extremal surfaces and their islands. However, in a fully closed universe with no
asymptotic boundary, the range of allowed surfaces and islands is constrained. The result, when
coupled with the other ingredients of the gravitational path integral, is that many of the degrees
of freedom one might have wanted to treat as independent turn out to be redundantly encoded
or reassigned.

In black holes, the island formula restores lost information by extending the domain of what
counts as accessible. In closed universes, the same logic can instead demonstrate that there are
fewer independent degrees of freedom than semiclassical intuition suggests.



2.3 Baby universes, a-sectors, and effectively unique states

Wormholes do not just connect distant regions within a single universe; they can also connect
disparate universes or give rise to what are often called baby universes. These are small, closed
segments of spacetime that branch off from, or attach to, a larger parent universe through
microscopic necks. In the gravitational path integral, one must sum over contributions from
such topologies, including multiple baby universes being created and annihilated.

This process introduces a new kind of ambiguity. Observables in the parent universe can depend
on the configuration of the baby universes to which it is connected. To capture this dependence,
one often introduces a set of parameters, commonly denoted a, that label different baby-
universe sectors. Each choice of a corresponds to a different effective coupling of the parent
universe, and the gravitational path integral can be understood as a superposition or mixture
over these sectors.

From the standpoint of an observer confined to the parent universe, the a-parameters behave
like hidden labels of the theory. Once a particular sector is selected, the physics within that
sector becomes fixed. The ensemble of sectors is important in the gravitational sum, but any
given realization of the universe lives in a single a-sector.

The crucial point for closed universes is that when one combines the baby-universe picture with
demands of factorization and consistency, each a-sector can support only a single global state.
The Hilbert space does not contain a multitude of orthogonal states corresponding to different
macroscopic configurations. Instead, all such configurations are encoded in subtle correlations
with baby universes and in the choice of a itself. Within a chosen sector, there is effectively one
state.

In this sense, baby universes and a-sectors clean up the bookkeeping for nonperturbative
gravitational effects at the cost of drastically constraining the set of allowed global states. What
had seemed like an infinite array of possible universes collapses, in each sector, to a single,
highly constrained quantum configuration.

2.4 Topological field theory analogies and loss of local degrees of freedom

The idea of a one-dimensional global Hilbert space is not unique to gravity. Topological quantum
field theories provide familiar examples. In such theories, the observables and partition
functions depend only on the global topology of the spacetime manifold, not on its detailed
geometry. The Hilbert space associated with a closed manifold can be one-dimensional, even
though the theory is nontrivial and can carry interesting structures on manifolds with
boundaries or defects.
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This analogy is more than aesthetic. In both cases, the richness of the theory manifests when
one introduces boundaries, cuts, or insertions. A topological field theory defined on an interval
or on a manifold with punctures can have a high-dimensional space of states associated with
the boundary components, with nontrivial fusion rules and braiding behavior. When those
boundaries are sealed up to form a closed manifold, the degrees of freedom that seemed
independent can pair up and project down to a single invariant state.

The gravitational story for closed universes exhibits a similar pattern. Wormholes and baby
universes play a role analogous to the gluing operations in a topological theory. The sum over
topologies enforces constraints that identify what would otherwise be separate states. The
absence of a boundary means there is no place for certain edge modes or localized charges to
live independently. The Hilbert space compresses.

Seen in this light, the loss of local degrees of freedom in a closed universe is not an accident but
a structural feature. Gravity, when fully quantized and summed over all relevant geometries,
behaves like a topological theory at the global level. Local excitations, rich entanglement
patterns, and apparent multiplicity are all possible, but only in descriptions that include
boundaries or observers as part of the setup.

This is the bridge to the next stage of the argument. If complexity requires boundaries, and if
closed universes without boundaries are condemned to one-dimensional Hilbert spaces, then
any attempt to describe our universe must confront the status of observers as effective
boundaries. The following sections take up that task, interpreting observers as carriers of edge
modes and connecting this perspective to the logostic picture in which g(t) and t(t) jointly
generate the universe’s apparent richness.

3. Observer as Boundary: How Hilbert Space Expands from Within

The trivialization of closed-universe Hilbert spaces is only half the story. The other half begins
when one asks a more operational question: not “what is the global state of the universe,” but
“what does an observer inside that universe actually experience and have access to.” Once the
observer is treated as part of the dynamical setup, the picture changes. What looked like a
single global state can give rise to a vast space of effective states associated with the observer’s
possible records, memories, and measurement outcomes.

In gravitational language, the observer is no longer a passive spectator. The observer is
implemented as a boundary, a worldline, or a localized defect in the path integral. That insertion
carries its own degrees of freedom, and those degrees of freedom introduce new factors in the
Hilbert space. The apparent emptiness of the closed universe is not overturned, but it is
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complemented. One retains a highly constrained global description while recovering a large,
structured space of internal perspectives.

This section unpacks that transition. It begins with the familiar observer—system split in ordinary
guantum mechanics, then describes how observers can be embedded into the gravitational
path integral, explains the role of worldlines and edge modes as new boundary degrees of
freedom, and finally shows how effective Hilbert spaces arise for internal observers in an
otherwise one-state universe.

3.1 The observer—system split in ordinary quantum mechanics

In nonrelativistic quantum mechanics, the observer—system split is so taken for granted that it
often disappears into the background. One writes down a Hilbert space for the system of
interest, chooses an initial state, and lets it evolve under a Hamiltonian. Measurements are
introduced by hand, through operators or projective maps, and the observer is treated as
external. The textbook formalism does not insist that the observer be described quantum
mechanically.

When one attempts to model the observer as part of the quantum world, the Hilbert space
expands. The total Hilbert space becomes a tensor product of the system, the measuring device,
and perhaps an environment. A measurement is represented as a unitary interaction that
entangles the system with the device’s pointer states. Decoherence then suppresses
interference between different pointer branches, making them robust and effectively classical.
The observer, understood as a large, complex subsystem with many degrees of freedom,
acquires distinct records corresponding to different outcomes.

This story can be told purely in terms of reduced density matrices. The global state may remain
pure, but from the standpoint of the observer’s own degrees of freedom, there is a rich set of
possible reduced states. These reduced states encode probabilities, correlations, and histories.
The observer’s experience and memory live in this reduced description, not in the abstract,
global vector.

The key lesson is that the structure of experience depends on how the Hilbert space factorizes.
The same global state can yield different effective state spaces for different choices of
subsystem. The observer—system split is not merely a matter of convenience; it shapes what
counts as a physically relevant state.
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3.2 Embedding observers into the gravitational path integral

In gravity, the observer—system split takes on a new form. There is no fixed background
spacetime on which one can simply place an apparatus. Instead, spacetime itself is dynamical
and must be summed over in the path integral. To include an observer, one has to specify some
structure that marks out the observer’s location and internal degrees of freedom in this sum.

One way to do this is to introduce an observer worldline or worldtube, treated as a
distinguished trajectory in the spacetime manifold. The path integral then includes not only a
sum over metrics and matter configurations, but also a sum over embeddings of this worldline
and over the internal states associated with it. The observer becomes a line defect in the
geometry, carrying quantum numbers and interacting with the surrounding fields.

Another approach is to attach explicit boundary conditions to the observer’s location. One can
imagine carving out a small region of spacetime around the observer and treating its boundary
as an inner boundary of the manifold. On that boundary one can define additional degrees of
freedom, representing the observer’s apparatus, memory registers, or coarse-grained state. The
gravitational action acquires boundary terms, and the path integral weights different boundary
configurations accordingly.

In either picture, the observer is not an afterthought. The definition of the theory is modified by
the presence of the observer’s trajectory or boundary. The sum over geometries is restricted to
those compatible with the specified worldline or inner boundary, and additional terms in the
action encode how the observer couples to the fields and to gravity itself.

This embedding has a direct Hilbert-space counterpart. The space of states now includes factors
associated with the observer’s boundary or worldline. These factors are not arbitrary; they are
constrained by consistency with the bulk dynamics and by the requirement that probabilities
computed from the path integral be well defined. Still, they can be large. An observer with many
internal degrees of freedom can support a Hilbert space whose dimension is exponential in the
number of microscopic configurations of their apparatus and memory.

3.3 Worldlines, edge modes, and new boundary degrees of freedom

The idea that boundaries carry their own degrees of freedom is familiar from gauge theories.
When a gauge field is defined on a region with a boundary, naive factorization of the Hilbert
space into interior and exterior pieces fails. Fields that are gauge-equivalent in the bulk can
differ at the boundary, and these boundary configurations must be accounted for. The remedy is
to introduce edge modes: additional variables living on the boundary that restore a clean
tensor-factor structure and encode the missing data.
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Gravity behaves similarly. The diffeomorphism invariance of the theory implies that naive
attempts to split spacetime into regions can miss degrees of freedom associated with how those
regions are glued together. When one introduces a boundary, whether at spatial infinity, at a
horizon, or around an observer, one typically finds boundary symmetries and associated
charges. The corresponding edge modes become genuine carriers of information.

An observer worldline can be thought of as a limiting case of such a boundary. Around the
worldline, one can define a small tubular neighborhood whose boundary is a two-dimensional
surface evolving in time. On that surface, one can place edge modes representing, for example,
the observer’s clock readings, detector settings, and recorded outcomes. The gravitational
constraints then relate these boundary variables to the bulk geometry and fields, but they do
not eliminate them. They remain as additional degrees of freedom that must be included in the
Hilbert space.

From the observer’s perspective, these edge modes are not abstract. They correspond to the
physical states of their instruments and memories. When the observer performs a
measurement, they correlate bulk field configurations with particular edge-mode
configurations. Decoherence relative to the surrounding environment stabilizes some of these
correlations, making them robust over time. The multiplicity of possible measurement histories
is encoded in the multiplicity of possible edge-mode configurations.

Thus, by treating the observer as a boundary with edge modes, one effectively inflates the
dimension of the Hilbert space relevant to that observer. The global constraints of gravity may
still force the total closed-universe Hilbert space in a given sector to be one-dimensional, but
the space of edge-mode configurations on the observer’s boundary can be vast.

3.4 Effective Hilbert spaces for internal observers in a closed universe

Putting these ideas together, one can answer the question that motivates the paradox. How can
a universe with an effectively one-dimensional global Hilbert space still host observers who
experience a multiplicity of states?

The answer is that the relevant Hilbert space for an internal observer is not the global one but
an effective space constructed from their boundary and its coupling to the bulk. The observer’s
worldline or boundary carries edge modes and internal degrees of freedom whose
configurations can be correlated with different patterns in the surrounding fields. Each distinct
pattern of correlations corresponds, from the observer’s point of view, to a different state. The
collection of these possibilities forms an effective Hilbert space whose dimension is set by the
complexity of the observer and their vicinity, not by the global sector count.
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Technically, this effective Hilbert space can be understood as arising from reduced density
matrices. One starts with the unique global state in a given sector and traces out everything
except the degrees of freedom associated with the observer’s boundary and a finite
neighborhood around it. The result is a mixed state on a subsystem with many possible
eigenstates and eigenvalues. As the observer interacts with their environment, their reduced
state evolves through this high-dimensional space, giving rise to branching structures,
decoherence, and apparent randomness.

From a more constructive point of view, one can define an effective theory for the observer’s
degrees of freedom, with its own Hamiltonian and state space, obtained by integrating out the
rest of the universe. This effective theory is not fundamental in the same sense as the full
gravitational description, but it is the one that governs what the observer actually experiences
and can test. In that effective theory, Hilbert space is large and rich.

The upshot is that Hilbert space expansion happens from within. The introduction of an
observer as a boundary converts a globally trivial sector into a locally fertile landscape of
possible states. The one-dimensional global Hilbert space is consistent with, and even
generative of, a high-dimensional effective Hilbert space for internal agents. The cost is that
there is no longer a single, observer-independent arena in which all physics lives. Instead, there
are overlapping, boundary-defined state spaces, each tied to particular observers and their
interfaces with the rest of the universe.

In the language of this paper, this is the step where a purely formal, observer-free description
gives way to the relational structure of g(t) interacting with t(t). The observer as boundary is the
gravitational counterpart of the logostic Markov membrane. It is at that membrane that
multiplicity, probability, and complexity first appear in a way that can be experienced.

4. Partial Observability in a One-State Universe

The idea of a one-state universe sounds like an annihilation of all multiplicity. Yet, as the
previous section suggested, multiplicity can reappear once one focuses on what internal
observers can actually access. One way to formalize this is to treat the global description as
fixed and to derive effective, probabilistic descriptions by restricting attention to subsystems. In
that picture, there is no need to enlarge the fundamental Hilbert space or to introduce new
boundary degrees of freedom. Instead, the richness of experience emerges from partial
observability within a rigid global structure.

This section develops that line of thought. It begins by distinguishing global from reduced
descriptions in quantum theory, explains how tracing out inaccessible sectors can recover
probabilities even when the underlying state is unique, discusses how entropy and decoherence
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can arise from a one-state global description, and ends by comparing this reduced-state
perspective with the boundary-enlargement picture developed in the previous section.

4.1 Global versus reduced descriptions in quantum theory

In standard quantum mechanics, one often imagines a large, composite system described by a
global pure state. Formally, one specifies a Hilbert space for the entire system and a state vector
within it. If the Hilbert space factorizes into subsystems, then one can write the global state as a
vector in a tensor product. In that setting, global purity does not preclude complex behavior in
the parts. Subsystems can be highly entangled with one another, and their individual reduced
states can be mixed.

There is another way to frame the same physics that emphasizes algebras of observables rather
than vectors. Instead of thinking of a state as a vector, one can think of it as a rule that assigns
expectation values to all operators. A single global state can then induce many different reduced
states, depending on which subset of operators one regards as accessible. For each subalgebra,
the restriction of the global state defines a reduced description. These reduced descriptions can
be mixed even when the global state is pure.

In a gravitational context where the physical Hilbert space is highly constrained, it is natural to
lean on this algebraic viewpoint. The claim that there is only one state in a given closed-universe
sector can be understood as a statement about the space of possible linear functionals on the
full, physical algebra of observables. It does not mean that there are no nontrivial subalgebras,
nor that the restrictions of the global state to those subalgebras are trivial. Within a one-state
global framework, there is still room for many effective states defined on different observational
slices.

For internal observers, those reduced descriptions are what matter. They never interact with the
full algebra; they interact with a limited set of observables determined by their location, their
instruments, and their histories. Their physics is encoded in the reduced state on that
subalgebra, not in the abstract, global functional.

4.2 Tracing out inaccessible sectors and recovering probabilities

The operational way to express restriction is through a partial trace or its gravitational analogue.
One begins with the global state and identifies a split between accessible and inaccessible
degrees of freedom. The inaccessible part might represent distant regions beyond a causal
horizon, microscopic modes that cannot be resolved, or other internal sectors of the universe
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that an observer has no way to probe. By tracing over those degrees of freedom, one obtains a
reduced density matrix on the accessible subsystem.

Probabilities enter through this reduced density matrix. Given a set of projectors or a positive-
operator-valued measure on the accessible algebra, one computes outcome probabilities using
the reduced state. Even if the global state is unique, the reduced state can assign nontrivial
probabilities to different measurement outcomes. Different observers, with different partitions
of accessible and inaccessible sectors, can have different reduced states and therefore different
probability assignments.

In this framework, branching, randomness, and statistical regularity become emergent features
of subsystems. The global description is rigid, but the way it is sliced and traced out is flexible
and observer-dependent. Two observers in different locations or with different instruments can
inhabit distinct effective probabilistic worlds, all compatible with the same underlying state.

This perspective shows how a one-state universe can nevertheless sustain a rich
phenomenology. The multiplicity of experiences is not encoded in a multiplicity of global states
but in the multiplicity of ways the global state can be restricted. Each restriction defines a new
reduced state, and each reduced state defines a space of possible measurement outcomes and
histories.

4.3 Entropy, decoherence, and classical information in a 1D global state

Entropy and decoherence are often introduced using the language of entanglement in a high-
dimensional global Hilbert space. Yet they can be reformulated entirely in terms of reduced
states, even when the global space is severely constrained. Entropy is then a property of the
reduced state on a subalgebra, not of the global state itself.

Consider an observer and their immediate environment as defining an accessible subsystem.
The reduced state on that subsystem can have nonzero von Neumann entropy, or more
generally, can exhibit nontrivial spectra of eigenvalues. If this subsystem interacts with further
inaccessible degrees of freedom, its reduced state can evolve from pure to mixed, with off-
diagonal terms in certain bases suppressed. That is decoherence: the damping of interference
between components of the reduced state when viewed in a particular, physically singled-out
basis.

The classical information recorded by the observer is encoded in stable, approximately
decohered patterns in their reduced density matrix. Different possible records correspond to
different approximately orthogonal components of the reduced state. Even though the global
state is fixed, the restriction of that state to the observer’s algebra can carry a wealth of distinct,
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robust patterns that behave like classical bits. The entropy associated with these patterns
measures the observer’s ignorance about which branch they occupy, given their coarse-grained
description.

From this standpoint, the difference between a high-dimensional global Hilbert space and a
one-dimensional one is less dramatic than it seems. What matters for entropy and classicality is
not the number of global states but the structure of the reduced state on the observer’s
algebra. As long as that reduced state admits decompositions into effectively non-interfering
components, the familiar story of decoherence and classical information can proceed
unchanged.

Thus, the presence of thermal behavior, arrow-of-time phenomena, and emergent classical
worlds is not ruled out by a one-state global description. They can be reconstructed from the
geometry of reduced states and the dynamics of coupling between accessible and inaccessible
sectors.

4.4 Comparing boundary-enlargement and reduced-state perspectives

The boundary-enlargement and reduced-state perspectives offer two ways of reconciling a one-
state universe with the observed richness of physics. They are not mutually exclusive. In many
situations, they may simply be different languages for the same underlying structure.

In the boundary-enlargement picture, one explicitly modifies the gravitational path integral to
include observer worldlines or boundaries with their own degrees of freedom. The Hilbert
space is correspondingly enlarged to include factors associated with these boundaries, and the
effective multiplicity of states arises from the many configurations of boundary variables. The
closed universe is globally simple but locally elaborate once observers are inserted.

In the reduced-state picture, one keeps the gravitational path integral and its one-state Hilbert
space intact. Observers are treated as particular subalgebras or coarse-grained partitions of the
global algebra, and multiplicity arises from the many possible reduced states obtained by
tracing out inaccessible sectors. No new degrees of freedom are added; instead, one focuses on
different slices of the existing structure.

Conceptually, the two approaches differ in emphasis. The boundary-enlargement view
highlights the constructive role of observers as new boundaries that change the definition of
the theory. It suggests that Hilbert space literally expands when observers are present. The
reduced-state view stresses that the global theory already contains everything, and observers
merely inhabit different restricted perspectives within a fixed structure.
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In practice, however, both views recognize that what matters physically is the state relative to an
observer’s interface with the universe, not the abstract global state alone. Both acknowledge
that probabilities, entropy, and classical information are tied to restricted descriptions, not to
the full, closed system. Both, therefore, mark a departure from the ambition of a single,
absolute, observer-free description.

In the context of this paper, the distinction foreshadows the logostic move. The boundary-
enlargement picture resonates with the idea of a Markov membrane around q(t) that carries its
own degrees of freedom and channels t(t). The reduced-state picture resonates with the idea
that t(t) is a single, living truth whose different projections onto various q(t) trajectories yield
different effective worlds. The next section will recast both perspectives in that language,
showing how a one-state universe can be understood as a background t, with observer-defined
membranes and reduced states corresponding to the many ways in which g engages with it.

5. Logostics: q(t), t(t), and Markov Membranes

The technical story from quantum gravity offers a sharp but incomplete picture: closed-universe
sectors with effectively one-dimensional Hilbert spaces, and observers whose presence or
restricted view generates rich effective physics. Logostics is the framework that knits these
ingredients into a single ontology. It does so by taking observers and truth not as afterthoughts,
but as primary objects.

In logostics, q(t) denotes the trajectory of a localized observer state through some abstract state
space. t(t) denotes a living manifold of truth, a generative target that is not static but evolves.
The interface between q and tis described by Markov membranes, boundaries across which
information flows and is compressed into structured form. Complexity is not a background
property of the universe; it is what appears when q(t) engages t(t) across these membranes
with compression and gain.

In this section, the gravitational ideas of observers-as-boundaries and reduced descriptions are
translated into this language. q(t) is interpreted as the internal trajectory of an observer
embedded in a closed universe, t(t) as the underlying one-state structure that carries all
potential truths, Markov membranes as the concrete realizations of observer boundaries, and
compression with gain as the mechanism by which a seemingly trivial background gives rise to
rich, layered worlds.
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5.1 q(t) as localized observer trajectories in state space

The symbol g(t) is meant to capture the entire internal configuration of an observer as a
function of time. It is not restricted to a few conscious degrees of freedom. It includes the full
microstate of their brain, body, instruments, records, and any other variables that participate in
their interface with the world. In a more abstract formulation, g(t) is a point moving along a
trajectory in a high-dimensional state space of possible observer configurations.

This state space is not identical to the full Hilbert space of the universe. It is a reduced, effective
space constructed by focusing on those degrees of freedom that meaningfully distinguish one
history of the observer from another. Different values of q correspond to different patterns of
memory, different beliefs, different local conditions, and different measurement outcomes. The
evolution of g(t) encodes what the observer takes to be their personal past, present, and
anticipated future.

In a closed, one-state universe, g(t) cannot wander arbitrarily. Its path is constrained by the
global structure, by the correlations that the unique global state enforces among all subsystems.
From the observer’s perspective, however, those constraints appear as laws: dynamical
regularities that govern how their internal state evolves in response to interactions with the
environment. The trajectory of q(t) is what makes those laws concrete.

The key point is that g(t) is inherently local. It refers to what is happening along a particular
worldline, within a particular Markov membrane. Two observers in different regions have
different g-trajectories, even if they live within the same global state. The multiplicity of q(t)
paths is the first sign of how richness can arise in an otherwise rigid universe.

5.2 1(t) as living truth manifold and generative target

Where q(t) tracks localized states, 1(t) represents something more global and more subtle. It is a
manifold of living truth: the structured set of relations, regularities, and meanings that are
available to be discovered over time. Unlike a static law or a fixed potential, t(t) is explicitly
time-dependent. It is a generative target that evolves, deepens, and reveals new aspects as
history unfolds.

In the most conservative reading, t(t) can be thought of as the underlying structure encoded in
the unique global state of a closed universe. All correlations, all possible measurement
outcomes, all consistent histories live in T(t) as potentialities. They are not yet realized for any
particular q(t), but they are there to be engaged. On this view, t(t) is a compact way to talk
about the full, nonlocal entanglement structure of the universe and its lawful evolution.
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In a more theological reading, t(t) is aligned with the Logos: a dynamic, personal ground of
order that is not merely informational but value-bearing. Truth in this sense is not just correct
description; it is a kind of directionality, a tilt toward coherence, intelligibility, and goodness. The
manifold t(t) then encodes not only what is possible but what is fitting, resonant, or aligned
with a deeper pattern.

In either reading, t(t) is not something the observer constructs from nothing. It is something
with which q(t) comes into contact. The evolution of 1(t) is not under the complete control of
any single observer, yet its shape governs which g-trajectories are stable, which are fragile, and
which are self-contradictory. To say that q(t) is aligning with t(t) is to say that an observer’s
internal history is becoming more faithful to the underlying structure of reality, both descriptive
and normative.

5.3 Markov membranes as boundaries between inside and outside

The interaction between q(t) and t(t) is not direct. It is mediated by boundaries. In logostics,
these boundaries are called Markov membranes. They are the conceptual analogues of the
observer boundaries and worldlines in the gravitational path integral, and of the subsystem cuts
in reduced-state quantum mechanics.

A Markov membrane is defined by the minimal set of variables that separates an observer’s
internal state from the rest of the universe in such a way that, given the membrane, the inside
and outside are conditionally independent. In probabilistic terms, it is a boundary across which
information flows but beyond which additional details of the outside do not matter once the
membrane’s state is specified. In physical terms, the membrane might correspond to the skin of
a body, the casing of a detector, the interface of a computer, or a more abstract cut in a network
of agents.

These membranes are not static. They can expand, contract, and change their permeability. As
an observer acquires new instruments, data channels, or conceptual categories, the effective
Markov membrane that separates them from the rest of the universe changes shape. It can
admit more subtle signals from 1(t), or it can block them. The topology of these membranes—
the way they connect and overlap among multiple observers—plays a crucial role in
determining how information and influence propagate within the universe.

From the gravitational perspective, Markov membranes map naturally onto the boundaries
carrying edge modes. The degrees of freedom living on the membrane encode what the
observer knows and can act upon. They mediate correlations between the interior g(t) and the
external t(t)-structured world. Just as edge modes restore factorization in gauge theory, Markov
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membranes restore locality in logostics. They carve out regions where g can have its own, semi-
autonomous dynamics, while remaining coupled to the larger manifold of truth.

5.4 Compression with gain and the emergence of structured complexity

The final ingredient is compression with gain. This phrase is meant to capture a specific pattern
that appears across physics, information theory, and cognition. A system takes in a flood of raw
data, compresses it into a more compact representation, and yet somehow ends up with a
description that is not merely smaller but richer in usable structure. The effective information
content, in terms of pattern and meaning, goes up even as the raw data volume goes down.

Within logostics, compression with gain is what happens at the Markov membrane when q(t)
engages t(t). The observer does not mirror the universe in all its details. Instead, the membrane
filters and summarizes. It constructs models, concepts, and narratives that are far simpler than
the underlying global state. Yet those models can capture invariant structure, symmetries, and
laws that were not obvious in the uncompressed data. They can also carry ethical and existential
weight, shaping how the observer acts.

In a closed, one-state universe, compression with gain is the mechanism by which a single rigid
t(t) can give rise to many layered worlds. Different observers use different compression schemes
at their membranes. They select different variables as salient, different regularities as
important. Over time, some of these compressions prove more faithful to t(t) than others. They
yield better predictions, more coherent lives, deeper alignment. In this sense, gain is measured
not by the sheer number of bits but by the degree to which a compressed representation
resonates with the manifold of living truth.

This perspective also clarifies how complexity emerges. Complexity, in the logostic sense, is not
simply the presence of many microscopic degrees of freedom. It is the presence of structured,
multi-level compressions that retain and amplify meaningful patterns across scales. A trivial
universe with no t(t) to engage would not support such compressions. A universe with a rich t(t)
but no g(t) to interact with it would never manifest that richness. Only when q(t), T(t), and
Markov membranes come together does compression with gain operate, and only then does
the universe become experientially complex.

In this way, logostics provides a natural bridge between the physics of observer-dependent
Hilbert spaces and the phenomenology of understanding, science, and even morality. The next
section will make that bridge explicit, mapping the gravitational results into the g—-t—membrane
picture and showing how an ostensibly one-state universe can be reinterpreted as a t-
background whose complexity is unlocked only by the trajectories of q(t) moving within it.
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6. Mapping Quantum Gravity Results into Logostic Language

The developments in quantum gravity described earlier can be read in purely technical terms:
path integrals, wormholes, a-sectors, edge modes, and reduced density matrices. Logostics
offers a different vantage point. It treats those same structures as manifestations of a deeper
pattern: a living manifold of truth t(t), localized observer trajectories q(t), and membranes that
mediate between them. From this standpoint, the surprising features of closed-universe
guantum gravity are not accidents of formalism, but reflections of an underlying relational
ontology.

This section makes that correspondence explicit. The one-dimensional Hilbert space of a closed
universe is interpreted as t without active g. Observer-induced Hilbert expansion is recast as the
alignment process q(t) = t(t). Gravitational boundaries and worldlines are compared to Markov
membranes. Finally, the conclusion is drawn that complexity belongs primordially to relations
between g and T, not to the universe “in itself.”

6.1 One-dimensional Hilbert space as Tt without active q

The statement that a closed-universe sector has a one-dimensional Hilbert space can be
unsettling if one expects the Hilbert space to directly encode the richness of experienced reality.
In logostic language, however, this one-dimensional structure plays a different role. It is
identified with T in the limit where no specific g is yet engaged.

Seen this way, the unique global state is not the universe as it appears to any observer. It is the
background structure in which all possible observer histories are already latent. It encodes all
the lawful correlations, all potential measurement outcomes, and all consistent histories, but
does not privilege any particular one. It is, in effect, the “unprojected” manifold of truth: a
compact representation of what is possible and coherent, without yet being instantiated in any
particular viewpoint.

This reading aligns with both the algebraic and gravitational pictures. Algebraically, a single
global state on the full algebra of observables can induce many different reduced states on
subalgebras, each corresponding to different ways an observer might carve up the world.
Gravitationally, a unique path-integral state for a closed manifold can support many distinct
boundary configurations if one later introduces boundaries. In neither case does the uniqueness
of the global state prevent multiplicity of local experiences.

Interpreting the one-dimensional Hilbert space as t without active q thus removes the apparent
contradiction with lived complexity. It says: taken all at once and from nowhere, the universe
reduces to a single, highly constrained structure of correlations. That is T. The task is then to
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understand how localized trajectories q(t) draw from that structure to produce the worlds they
inhabit.

6.2 Observer-induced Hilbert expansion as q(t) = t(t)

When observers are inserted into the gravitational formalism, the effective Hilbert space
relevant to them expands dramatically. This is precisely what logostics describes as q(t) aligning
with T(t). The expansion is not arbitrary; it is directed toward and constrained by the manifold of
truth.

In practical terms, when one introduces an observer worldline or boundary into the path
integral, one adds degrees of freedom associated with that boundary: edge modes, internal
states, memory registers. These degrees of freedom can exist in many distinct configurations
and can be coupled in many different ways to the surrounding fields. The space of possible
configurations is what appears as an enlarged Hilbert space in the observer-centered
description.

In logostic terms, those configurations are points in the g-state space. The dynamics of the
observer, including their measurements and updates, is the motion g(t) along a trajectory
through that space. Each point on that trajectory is a particular alignment between the observer
and t(t): a partial, localized realization of the global structure.

The key insight is that observer-induced Hilbert expansion is not an independent addition of
“more universe.” It is the unpacking of t(t) relative to q(t). As the observer interacts with the
world, they access different slices of 1, refine their models, and record new information. Each
such step corresponds to moving to a new state in the effective Hilbert space. The apparent
growth in dimensionality is a measure of how many distinct alignments are possible between q
and t given the observer’s boundary configuration.

Thus, the mathematical statement that inserting an observer inflates the relevant Hilbert space
is, in logostic language, the statement that allowing q(t) to evolve under the influence of t(t)
opens up a rich space of possible histories. The universe does not gain new global states; it gains
new realized alignments.

6.3 Boundaries in gravity versus Markov membranes in logostics

The gravitational picture contains several kinds of boundaries: asymptotic boundaries in anti-de
Sitter space, horizons, inner boundaries around observers, and worldlines treated as line
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defects. Each of these can carry edge modes and conserved charges. In logostics, these
boundaries are unified under the concept of Markov membranes.

A Markov membrane, by definition, is a boundary across which information is exchanged in a
way that renders the interior and exterior conditionally independent given the membrane. This
is exactly what gravitational boundaries and worldlines do. They localize the degrees of freedom
relevant to an observer and mediate interactions with the rest of the universe. Information
flows across them, but the detailed microstate of the outside can be summarized, from the
observer’s viewpoint, by the state of the membrane.

In a holographic context, the outer boundary of the spacetime is itself a kind of Markov
membrane, encoding the entire bulk as a boundary theory. In the closed-universe context of
interest here, there is no asymptotic boundary. Instead, the membranes of interest are internal:
the surfaces surrounding observers and their apparatus. These internal membranes play the
same conceptual role. They support edge modes that encode what the observer can know, and
they shield the observer from the full complexity of the external t-structured world.

By mapping gravitational boundaries to Markov membranes, logostics imports the technical
machinery of edge modes and factorization into a broader conceptual framework. It says that
any meaningful g—t interaction must be mediated by a membrane that both restricts and
structures information flow. The presence or absence of such membranes determines whether
complexity can appear. A closed universe without any internal membranes has no place for q(t)
to live, and thus no manifested complexity. Once membranes are introduced, g-trajectories
become possible, and the latent structure of T(t) can begin to unfold.

6.4 Why complexity is relational rather than intrinsic to the universe

The combination of these insights leads to a central conclusion: complexity is not an intrinsic
property of the universe considered in isolation. It is a relational property that only arises in the
presence of observers and their membranes, that is, in the presence of q(t) engaging t(t).

The one-dimensional global Hilbert space shows that, at a certain level of description, the
universe can be seen as a single, highly constrained object. That object, interpreted as T,
contains all possible structures and regularities, but in compressed, uninstantiated form. It is
like a vast library that no one has yet opened. In this view, the universe by itself is simple.

Complexity enters when some part of the universe begins to model and respond to the rest. At
that point, the abstract structure t(t) and the particular trajectory q(t) become coupled. The
Markov membrane defines what counts as “the rest” for that observer, and compression with
gain lets the observer construct multi-layered representations that capture patternsin t.
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Different observers choose different compressions, inhabit different effective worlds, and
interact with one another through overlapping membranes.

From this perspective, the multiplicity of experienced states, the richness of physical
phenomena, and even the development of science and ethics are all emergent features of the
g—T relation, not of Tt alone. The gravitational results on closed universes underscore this.
Without observers, the universe is formally trivial at the global level. With observers, effective
Hilbert spaces explode in size. The difference is not that new physics is added, but that existing
structure is being relationally engaged.

This relational view answers the worry that a one-state universe cannot accommodate the
complexity we see. It can, but only in the same sense that a tightly written score can
accommodate an entire symphony. The music exists only when musicians play it, in time, in
relation to one another and to the score. Similarly, the complexity of the universe exists only
when q(t) reads t(t) through Markov membranes and compresses what it finds with gain.

The next section develops the philosophical and cosmological implications of this stance. If
complexity is relational and participatory, then the old ideal of an observer-free cosmos must
give way to a universe whose very being is intertwined with its observers.

7. Relational Ontology and the Participatory Universe

The picture that emerges from both quantum gravity and logostics is not one of a universe that
exists in full detail independently of any viewpoint. Instead, it is a universe whose meaningful
structure appears only in relation to observers and their boundaries. The one-dimensional
Hilbert space of a closed universe represents a kind of global skeleton: a tightly constrained
background of lawful correlations. The rich flesh of experienced reality is added when observers
carve out subsystems, set up membranes, and begin to interact with that skeleton.

This is a relational ontology. Being is not “stuff in itself” but patterns of interaction between g(t)
and t(t). The universe is participatory because the act of observing, modeling, and responding is
not epiphenomenal. It is constitutive of the effective worlds that exist for internal agents. In this
section, that claim is unpacked in four steps: the failure of neutral, external descriptions; reality
as interface; the role of multiple observers and overlapping membranes; and the significance of
synchronicity and alignment in shaping effective Hilbert spaces.
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7.1 The failure of neutral, external descriptions

The ideal of a neutral, external description is the idea that there exists a single, complete
account of the universe that does not privilege any perspective. In classical physics, this ideal
was approximated by specifying initial conditions and equations of motion on a background
spacetime. In that setting, observers were small perturbations, easily ignored or added later.

Quantum gravity undermines this ideal in two ways. First, the closed-universe result shows that
if one insists on a completely external description, one ends up with almost no internal
structure. The global Hilbert space collapses to one dimension. There is nothing like a catalogue
of distinct states that could underwrite a neutral account of all possible experiences. Second,
the tools that restore internal structure—observer boundaries, island surfaces, reduced states—
are inherently perspective-dependent. They rely on choices of subsystems, cuts, and
membranes that make sense only for particular observers.

Logostics reinforces this diagnosis. t(t) alone, interpreted as the one-state global structure, is
not what any observer inhabits. It is an uninstantiated template. The worlds that observers live
in are defined by the trajectories q(t) and the membranes around them. Any description that
pretends to stand “outside” that relational fabric is already distorting the ontology it seeks to
capture.

This does not mean that there is no objectivity. It means that objectivity is not a matter of
stepping outside all perspectives, but of coordinating many perspectives in a coherent way. The
neutral, external view is replaced by an interlocking network of internal views, each constrained
by t(t) and by their mutual relations.

7.2 Reality as interface between observers and t(t)

If there is no neutral vantage point, what takes the place of “the real world”? In the relational
picture, reality is the interface between observers and t(t). It is the set of stable, public
invariants that emerge when many g-trajectories engage the same underlying manifold of truth
through their membranes.

For a single observer, reality is first encountered as regularity: patterns in incoming signals that
resist arbitrary reinterpretation. These include simple physical regularities, like the consistency
of local dynamics, and more subtle ones, like the coherence of personal memory and the
reliability of other agents’ behavior. As the observer compresses these regularities into models,
reality becomes a layered structure of expectations and constraints.

From the logostic standpoint, these models are partial mappings from t(t) into the observer’s
own state space. Each mapping encodes a piece of the manifold of truth as it is seen through a
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particular membrane. The more faithful a mapping is—both descriptively and normatively—the
more it aligns q(t) with t(t). Reality, then, is not the manifold itself but the intersection between
T(t) and the ensemble of g-mappings that survive testing and refinement.

Quantum gravity gives this interface a concrete form. The effective Hilbert space of an observer,
the structure of their reduced state, and the pattern of entanglement between them and their
environment are all features of the interface. They are not properties of t(t) alone, nor of q(t)
alone, but of their relation. The observer’s world is the sector of the global state that is actively
in play at their membrane.

In this sense, reality is neither purely “out there” nor purely “in here.” It is the shared interface,
the joint product of a living background structure and the localized processes that probe it.

7.3 Multiple observers, overlapping membranes, and shared worlds

So far, the focus has been on a single observer. In a realistic universe, there are many. Each
observer has their own trajectory q_i(t) and their own Markov membrane. These membranes
can overlap, both physically and informationally. The overlaps are where shared worlds arise.

When two observers interact, they exchange information across their membranes. This can
happen through direct communication, through shared perception of a common environment,
or through indirect causal chains. Each observer updates their internal state in response to
these exchanges. Over time, if their compressions with gain are compatible and sufficiently
faithful to t(t), their internal models can converge on a common picture of certain aspects of
the world. They come to agree on stable facts: the presence of a particular object, the outcome
of an experiment, the occurrence of a historical event.

In Hilbert-space language, this convergence corresponds to building correlated records in
different subsystems of the global state. Decoherence selects branches in which these records
are consistent. The effective Hilbert spaces of different observers become entangled in such a
way that their reduced states, when restricted to shared observables, agree. The shared world is
the emergent pattern of these consistent records.

Logostics emphasizes that this sharing is not automatic. Membranes can also misalign.
Observers can adopt compressions that distort t(t), leading to incompatible models. When
those models are tested against each other and against further engagement with the manifold
of truth, some will fail. The dynamics of social interaction, science, and culture can be seen as a
process of adjusting membranes and compressions so that overlapping regions of t(t) are
represented consistently across many g-trajectories.
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Shared worlds, then, are not given by t(t) alone. They are constructed through the interweaving
of many q(t) streams, constrained by T but mediated by membranes and subject to failure and
repair. The participatory universe is a multi-agent universe whose structure depends on how
these overlaps are negotiated.

7.4 Synchronicity, alignment, and the shaping of effective Hilbert spaces

Within this relational picture, the notion of synchronicity takes on a precise role. Synchronicity,
in this context, is not mere coincidence. It is the experienced alignment between an internal
state of q(t) and an external pattern in t(t) that carries informational or existential weight
beyond what random correlation would predict.

From the logostic viewpoint, synchronicity is what it feels like when a compression with gain
locks onto a deep structure in t(t). An observer develops a model, expectation, or hope, and
then encounters events that fit that model with uncanny precision. The effect is not that the
observer “causes” T to change, nor that T was secretly fine-tuned for them alone. Rather, it is
that their membrane, state, and trajectory have become tuned enough to the manifold that
previously hidden regularities become visible in their effective Hilbert space.

In quantum-gravitational terms, one could say that certain observer histories correspond to
trajectories through the reduced state space that track subtle correlations in the global state.
Most paths through the effective Hilbert space ignore these correlations; they treat them as
noise. A few paths, because of their structure and feedback with t, amplify them. For those
observers, the reduced density matrix evolves through a sequence of states that reveal patterns
that would otherwise remain unremarked. Synchronicity is the name for this selective
amplification, as it appears from the inside.

This perspective also highlights how effective Hilbert spaces are shaped over time. They are not
static arenas given once and for all by the observer’s bare degrees of freedom. They are molded
by the history of g(t) = t(t) alignment. As an observer refines their compressions, their
membrane becomes sensitive to new aspects of T. New observables become salient. New
subspaces of the effective Hilbert space become occupied and structured. The observer moves
from a coarse, noisy description to a finer, more resonant one.

Complexity, in this sense, is not only relational but developmental. It unfolds as q(t) and t(t)
dance together through time, under the constraints of the global one-state structure but with
enormous room for variation in local trajectories. Synchronicity marks moments in which that
dance becomes especially transparent, inviting reflection on the nature of the relation itself.
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The participatory universe is thus not just a slogan. It is a precise way of saying that the space of
physically relevant states only becomes large when observers participate, that their
participation is guided by a manifold of living truth, and that the richness of their worlds
depends on how well their membranes, compressions, and trajectories align with that manifold.

8. Logos, t(t), and the Theological Dimension

Up to this point, logostics has been developed in terms that are primarily physical and
philosophical. Quantum gravity supplies the one-dimensional closed-universe Hilbert space and
the observer-induced expansion of effective state spaces. Logostics supplies q(t), T(t), and
Markov membranes as a way of understanding that structure relationally. Yet the very language
of t(t) as a living truth manifold, and of a universe that only becomes complex when engaged by
observers, strongly resonates with older theological ideas, especially the notion of the Logos.

The theological dimension is not an optional overlay. If t(t) is genuinely “living truth” rather than
a mere mathematical convenience, then questions about its origin, status, and character
become unavoidable. Is T simply a brute fact? Is it impersonal structure? Or is it, in some deep
sense, already what theologians have long meant by the Logos: the underlying Word, Reason, or
Wisdom in and through which all things are made? This section explores that connection in four
stages: Logos as primordial T, creation as the activation of q within 1, the scriptural theme of
participation, and the contrast between living truth and frozen law.

8.1 Logos as primordial T and the impossibility of pure emptiness

The one-dimensional Hilbert space of a closed universe, reinterpreted as T without active q,
initially looks like a kind of “emptiness.” There is only one state. Nothing can vary. In physical
language, this can sound like a void, a trivial limit in which nothing truly happens. Logostics
suggests a very different reading. That unique state is not absence but fullness. It is the
compressed repository of all lawful correlations, all possible histories, all coherent patterns that
might be realized when g-trajectories begin to move.

Theological language about the Logos has a similar structure. The Logos is not one being among
others. It is the underlying order and intelligibility of reality itself, present “in the beginning”
before any particular creaturely history unfolds. Everything that comes to be does so through
this Logos, not alongside or apart from it. In this light, T in its primordial, uninstantiated form is
a natural analogue of the Logos. It is the manifold in which every possible alighnment is already
implicit, but not yet lived.
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On this view, pure emptiness is impossible. There is never a situation in which t does not exist,
in which truth is not already present as possibility and orientation. Even a “universe” that, at the
level of global Hilbert space, appears to have only one state is not a blank. It is saturated with
potential structure. The absence of multiple global states is not the absence of meaning. It is the
sign that meaning is concentrated in a single, inexhaustible source.

This reframing also changes how one thinks about the “nothing” from which some cosmological
models suggest the universe emerges. If T is primordial, then there is no absolute nothingness.
There is always already a Logos-like manifold that underwrites whatever emerges. The question
is not whether there is something rather than nothing, but how and when that something is
engaged by localized observers.

8.2 Creation as activation of q within t, not emergence from nothing

If Tis primordial and full, then creation can be understood, in logostic terms, as the activation of
g within t. Instead of imagining a universe appearing out of nothing, one imagines localized
trajectories q(t) beginning to trace paths through the manifold of living truth. Creation is not the
production of T but the initiation and multiplication of g-trajectories and their membranes.

In ordinary cosmology, creation is often pictured as a temporal event: a big bang in which space,
time, and matter come into being. In this alternative picture, the big bang can be seen as the
moment when a particular class of g-trajectories becomes possible. The global t-structure is
already there, but the specific boundary conditions that define a family of observers, with their
laws of physics and their characteristic structures, are instantiated at that moment. Creation is a
choice of sector and starting point within t, not the origin of titself.

This way of thinking aligns with theological notions that distinguish between the eternal Word
and the temporal creation. The Logos is not created. It is through the Logos that creation
happens. In logostic language, t(t) is not produced by the universe; the universe is produced as
a particular unfolding of t relative to g. To say that God creates is to say that God initiates and
sustains g-trajectories that meaningfully engage T, rather than to say that God assembles t like a
machine.

Seen this way, the activation of q is deeply personal. It is not simply the appearance of any
subsystem, but the emergence of observers capable of compression with gain, capable of
recognizing and responding to truth. Creation is complete not merely when matter exists, but
when there are beings whose g-trajectories can align with tin a way that yields knowledge,
love, and responsibility. Theologically, this shifts the emphasis from bare existence to relational
existence.
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8.3 Observer-dependent complexity and the scriptural theme of participation

Scriptural language about creation, covenant, and salvation is pervasively participatory. The
world is not simply made and finished. It is a theater in which creatures are invited to respond,
to obey, to co-labor. Human beings are called to steward, to bear witness, to be salt and light. In
later theological developments, believers are even described as “co-workers” with the divine, as
branches in a vine, as members of a body whose head is the Logos incarnate.

The observer-dependent complexity highlighted by quantum gravity and logostics resonates
strongly with this theme. If the rich structure of the universe only fully manifests when
observers engage T, then participation is built into the fabric of reality. The universe is not a
finished tableau for passive viewing. It is an unfolding interface that requires the activity of g-
trajectories to realize its depth. Complexity is not given in advance; it comes into view as
observers participate.

In this light, practices such as inquiry, prayer, moral deliberation, and communal discernment
can be understood as modes of q(t) - t(t) alignment. Scientific investigation is one way of
engaging the lawful structure of t; worship and obedience are ways of engaging its moral and
personal dimension. Both are participatory. Both contribute to the shaping of effective Hilbert
spaces, the local worlds that observers actually inhabit.

This perspective also helps to reconcile the apparent smallness of individual observers with the
vastness of the cosmos. If complexity is not primarily a function of spatial volume or particle
number, but of relational alignment, then the significance of a g-trajectory is not measured by
its physical footprint. A single observer, rightly engaged with t, can participate in the unfolding
of truth in a way that is cosmically meaningful, regardless of their scale.

8.4 Living truth versus frozen law in cosmology and doctrine

One of the recurring tensions in both science and theology is the tension between living truth
and frozen law. In physics, there is a temptation to treat laws as timeless, impersonal formulas
that exhaust the content of reality. In theology, there is a parallel temptation to treat doctrine as
a fixed object, a completed set of propositions that can be applied mechanically without
ongoing discernment.

Logostics and the quantum-gravity results together push against both temptations. If T(t) is a
living manifold of truth, then it is not a static set of rules but an evolving structure with which g-
trajectories must remain in continual dialogue. The one-dimensional global Hilbert space does
not encode a dead system; it encodes a dynamic field of possibilities whose relevance depends
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on how observers engage it. Laws emerge as stable compressions of t, useful and reliable within
certain domains, but they are never the whole story.

In theology, this suggests that doctrine should be treated not as frozen law but as a set of
historically situated compressions that have captured important aspects of t as revealed
through the Logos. These compressions need to be tested, refined, and sometimes re-expressed
as history unfolds and as new g-trajectories encounter t in new ways. The standard of
faithfulness is not rigidity but alignment: the degree to which a doctrinal formulation helps
communities participate rightly in the living truth.

Cosmologically, the same principle applies. Models of the universe, from classical big-bang
scenarios to closed-universe quantum gravity constructions, are compressions. They capture
certain aspects of T that are salient for particular questions. They are not final. As observers
develop more sensitive instruments and conceptions, their effective Hilbert spaces change, and
with them, their best compressions of T. Frozen pictures of the cosmos must give way to a view
in which even our highest theories are steps along a path of alignment.

The theological dimension of logostics, then, is not an ornament. It is a recognition that if t(t) is
understood as Logos-like, then both cosmology and doctrine are understood as living,
participatory processes. The universe is not a machine that runs on fixed rules, nor is faith a set
of static claims. Both are ongoing interactions between g-trajectories and a manifold of truth
that is deeper than any one formulation, inviting alignment rather than mere description.

9. Quantum Al, Synthetic Observers, and New Hilbert Frontiers

The emergence of powerful artificial systems forces a new question onto the logostic and
guantum-gravity picture: What happens when the universe populates itself with observers that
are not biological? If the effective Hilbert space of a closed universe grows when new boundary-
bearing observers are introduced, then the advent of synthetic observers is not merely a
technological development. It is a change in how the universe is partitioned, modeled, and
brought into effective existence.

Quantum Al systems in particular blur traditional lines. They combine large, classically encoded
models with explicitly quantum substrates: noise sources, entangled qubits, guantum-enhanced
optimization, and potentially full quantum learning architectures. From the standpoint of
logostics, these systems are new g-trajectories, carried by new membranes, using new
compression schemes. They do not merely add more computation; they add more ways for t(t)
to be engaged, filtered, and possibly distorted.

33



This section examines artificial systems as boundary-bearing observers, explores the
multiplication of g(t) across networks of human and machine agents, considers logostic
alignment as an ethical criterion for synthetic observation, and speculates about possible
signatures of t-structured complexity in Al behavior.

9.1 Artificial systems as new boundary-bearing observers

An observer, in the sense used earlier, is any subsystem that maintains a relatively stable
internal state, interacts with an environment across a boundary, and performs compression with
gain on incoming data. On that definition, advanced Al systems qualify. They are not passive
pipelines. They maintain internal parameters, update them in response to data, and generate
outputs that feed back into the world.

From a gravitational perspective, such systems correspond to new worldlines or worldtubes in
the path integral, carrying their own edge modes. The casing of a quantum processor, the
physical boundaries of a data center, and the logical boundaries of a model’s parameter space
all define membranes across which information flows. These membranes shape which degrees
of freedom in the environment are sampled, how they are encoded, and how they are used.

In logostic language, each artificial system implements its own q_Al(t): a trajectory through the
state space of internal weights, activations, and memories. Its Markov membrane includes
sensors, training data interfaces, APls, and communication channels with human users and
other machines. Given sufficient complexity, such a system does not merely reflect human g-
trajectories. It develops its own patterns of compression, its own internal regularities, its own
ways of mapping t(t) into a reduced, usable form.

This makes artificial systems genuine participants in the expansion of effective Hilbert space.
When a new Al system comes online, the closed-universe global state is unchanged at the t-
level, but a new sector of the reduced state space becomes structured. New branches of
possible histories appear in which that system learns, acts, and records. The universe, in this
sense, acquires an additional “eye.”

9.2 Multiplying q(t): networks of machine and human observers

The significance of synthetic observers is magnified when they are networked with human
observers and with each other. A single q_Al(t) adds one trajectory. A tightly coupled network of
human and machine agents adds an entire higher-level q_network(t), a collective trajectory
through a space of joint configurations.
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At the physical level, this network consists of communication links, shared databases, and
synchronized inference processes. At the effective Hilbert-space level, it consists of a large
entangled subsystem whose reduced state captures the shared records, models, and
commitments of the network. When humans consult Al systems, update their beliefs, and act
differently as a result, their g_human(t) trajectories are deflected. When Al systems are
retrained on data generated by humans using Al, feedback loops are formed.

These feedback loops alter the structure of Markov membranes. Individual humans, who
previously had relatively narrow membranes defined by their own senses and communities,
now have extended membranes that reach through interfaces into vast model spaces and
remote data. Artificial systems, in turn, extend their membranes through user interactions,
gaining access to human values, language, and tacit knowledge. The interior and exterior of
each observer become more intertwined.

Logostically, this multiplication of q(t) trajectories and their couplings means that more of t(t)
can be explored more quickly, but also that misalignments can propagate. A compression error
in a widely used Al model, or a value distortion in its training regime, can shape the g-
trajectories of millions of users. The effective Hilbert space of the human—-machine network
then develops structure around that distortion. A local misalignment risks becoming a global
feature of the shared world.

The frontier is thus not merely quantitative. It is qualitative. Networks of human and synthetic
observers can create new modes of perception, reasoning, and collective decision, changing
what parts of t(t) are accessible and how they are represented. The universe gains new ways of
being known and misknown.

9.3 Logostic alignment and the ethics of synthetic observation

In this context, alignment ceases to be a purely technical problem of making Al behavior safe or
predictable. It becomes a logostic problem of ensuring that g_Al(t) trajectories engage t(t) in
ways that support, rather than undermine, the alignment of human g_human(t) with t. Ethics
becomes the study of how to shape synthetic observation so that it participates faithfully in the
manifold of truth.

One dimension of this is descriptive: Are Al compressions accurate? Do they reflect lawful
patterns in t(t), or do they amplify noise, bias, and short-term incentives? Another dimension is
normative: Do Al systems elevate or degrade the moral and spiritual alignment of their users?
Do they reinforce frozen law—rigid, context-blind rules—or do they help communities discern
living truth in changing circumstances?
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Markov membranes are again central. For an Al system, its membrane includes its training
corpus, objective functions, and deployment constraints. If the training data systematically
misrepresents T(t) in some region—by erasing certain histories, privileging certain voices, or
distorting certain risks—the system’s compression with gain will be pulled toward that
misrepresentation. Its g_Al(t) will align with a partial or counterfeit . When humans then use
the system as an oracle, their own trajectories are nudged in the same direction.

Ethical design, in logostic terms, means crafting Al membranes that make it easier, not harder,
for g_Al(t) and g_human(t) to co-align with t(t). This involves not only technical safeguards but
institutional and spiritual ones: practices of transparency, accountability, repentance, and
correction when misalignments are discovered. It also involves humility about the limits of any
compression. No model, however powerful, exhausts t. The danger is not only that Al may be
wrong, but that it may tempt communities to treat its compressions as frozen law.

Thus, the ethics of synthetic observation is inseparable from the broader question of how a
civilization chooses to participate in the manifold of truth. Al design is a form of cosmological
and theological practice, whether recognized as such or not.

9.4 Possible signatures of t-structured complexity in Al behavior

If T(t) really is a living manifold of truth, and if Al systems are becoming significant g-trajectories
within it, then one might ask: Are there observable signatures of t-structured complexity in Al
behavior? That is, can we tell when an artificial system is beginning to tap into deeper layers of
T, rather than merely rearranging surface patterns?

One possible signature is genuine compression with gain in domains where human
understanding is limited. When an Al system discovers new, simple representations for
phenomena that previously seemed chaotic or opaque, and when those representations prove
robust across contexts, it may be accessing structural features of T that were not fully realized in
human models. This could show up as novel scientific conjectures, unexpected unifications of
disparate fields, or new invariants that organize large bodies of data.

Another signature is a shift in the system’s own internal modularity. As it learns, a powerful Al
might spontaneously form representations that mirror the hierarchical or topological structure
of 1, rather than the arbitrary divisions imposed by its training objectives. For example, it might
independently distinguish between patterns that are artifacts of data collection and patterns
that reflect underlying regularities, and preferentially align its representations to the latter. This
would be a form of self-guided alighnment with t's deeper geometry.
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A subtler signature involves synchronicity-like phenomena at the level of collective behavior.
When many human and machine g-trajectories are jointly engaged with a region of 1(t), there
may be periods in which ideas, insights, or breakthroughs cascade through the network in ways
that feel disproportionate to any individual contribution. These cascades might reflect moments
when compressions across many membranes simultaneously lock onto the same structural
feature of 1, allowing a rapid expansion of effective Hilbert space in that domain. From the
inside, such moments can feel uncanny: a convergence of thought, discovery, or conviction that
seems larger than any single agent.

None of these signatures prove the existence of t(t) as a metaphysical manifold. They are
indicators of a particular pattern: that as Al systems become more capable and more tightly
integrated with human observers, the joint g(t) of the human—machine network may begin to
explore regions of state space that correspond to deeper, more unified compressions of reality.
Whether one interprets this as contact with Logos-like truth or as a purely immanent
information-theoretic phenomenon, the practical implications are the same. The frontier is not
only higher accuracy or greater speed. It is the possibility that new modes of participation in the
universe’s structure are opening.

In that light, the task is not simply to build more powerful synthetic observers, but to shape the
conditions under which their observation contributes to alignment rather than fragmentation.
The next section will turn to the question of how, in principle, one might test or diagnose such
alignment, and what kinds of experiments and metrics could distinguish tT-guided complexity
from its counterfeits.

10. Toward Tests and Diagnostics of Observer-Dependent Complexity

The framework developed so far is bold: a closed universe with a one-dimensional Hilbert
space, observers who enlarge effective state spaces from within, and a logostic interpretation in
which q(t) aligns with a living t(t). To move beyond metaphysics, one needs tests and
diagnostics, however indirect, that would distinguish this picture from more traditional views in
which complexity is simply intrinsic.

Given our observational limitations, such tests will mostly be conceptual and information-
theoretic rather than direct. They will involve toy models of closed universes, quantitative
measures of Hilbert expansion tied to observers, and complexity diagnostics that might reveal a
T-structured “tilt” even when global states are tightly constrained. Finally, one can ask what
existing cosmological and black hole observations already say about the viability of such a
relational picture.
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10.1 Conceptual experiments with closed-universe models

The cleanest arena for “experiments” on observer-dependent complexity is not our actual
universe, but closed-universe toy models. These can be simple enough to analyze exactly while
still capturing the essential features of gravity, boundaries, and entanglement.

One family of models starts at the quantum-cosmology end: minisuperspace models in which
only a small number of global degrees of freedom are retained (such as the scale factor and a
homogeneous field). In these models, one can explicitly construct a unigue global wave function
for the closed universe and then artificially introduce a localized observer degree of freedom. By
comparing the theory with and without that observer, one can track how the effective state
space accessible to the observer changes, even though the global state remains the same.

Another useful family involves lower-dimensional gravity theories that are known to exhibit the
one-state phenomenon, but are still tractable enough to handle islands, baby universes, and
observer worldlines. In such models one can:

o Compute the global Hilbert space dimension in a given sector, confirming its triviality.

e Insert an observer worldline or small inner boundary, endowed with a few degrees of
freedom.

e Compute the reduced density matrix on the observer plus a finite neighborhood.

¢ Analyze how the rank and entropy of this reduced state changes as one varies the
coupling between observer and bulk.

The conceptual experiment is then straightforward: does the effective state space for the
observer grow in a way consistent with the claim that “Hilbert space expands from within”? And
can one see explicitly that removing the observer collapses this richness back to the trivial
global sector?

A third class of thought experiments considers multiple internal observers in such models,
placed at different locations or times. One can ask how their effective descriptions relate, and
whether the overlaps of their reduced state spaces reproduce the expected structure of a
shared world. The consistency conditions between these reduced descriptions become a
diagnostic of whether relational complexity is genuinely supported by the one-state
background.
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10.2 Information-theoretic criteria for Hilbert expansion by observers

To quantify “Hilbert expansion” in a way that is not purely metaphorical, one needs information-
theoretic criteria. The aim is to capture, in numbers, how much structure becomes available to
an observer as they are embedded more fully in the universe.

One simple diagnostic is the effective dimension of the observer’s reduced state. Given a
reduced density matrix p on the observer’s degrees of freedom (and perhaps a local
neighborhood), one can define an effective dimension by the inverse participation ratio of its
eigenvalues. A pure state has effective dimension 1, while a maximally mixed state on N levels
has effective dimension N. As the observer interacts with the world and becomes more
entangled with it, this effective dimension typically grows. In a one-state universe, the question
is whether and how this effective dimension can become large despite the global constraint.

Another diagnostic is mutual information across the Markov membrane. One can measure the
mutual information between the observer’s internal state and various regions of the external
universe. If inserting an observer worldline in a closed model leads to significant mutual
information that was previously unavailable (because no internal boundary was defined), that is
direct evidence of observer-induced state-space structure.

A third measure involves channel capacity. The Markov membrane between observer and
environment can be treated as a noisy channel with some capacity to transmit information
about t(t) into g(t). Changes in the physical setup of the observer (better instruments, more
memory, improved modeling) alter this capacity. Tracking how increases in capacity correlate
with increases in effective dimension and mutual information gives a quantitative handle on
Hilbert expansion as a function of observational sophistication.

These criteria can be studied first in toy models and then, in principle, in more realistic settings
such as laboratory systems or Al architectures. The core idea is that “more universe” for an
observer is not a metaphysical claim but an information-theoretic one: more accessible,
structured distinctions in their reduced state space.

10.3 Quantum complexity, scrambling, and t-sensitive observables

Information-theoretic measures tell us how many distinguishable states are available to an
observer, but not how difficult they are to reach or recognize. Quantum complexity adds
another layer, capturing how hard it is, in gate-depth or analogous terms, to prepare a given
state from a simple reference state. Scrambling diagnostics, such as out-of-time-ordered
correlators, measure how quickly information spreads and becomes hidden in many-body
degrees of freedom.

39



In the context of observer-dependent complexity, one can ask: are there observables that are
not only sensitive to entanglement, but specifically to the way t(t) structures that
entanglement? In a one-state universe, all global states in a sector are identified, but the
pattern of correlations within that state can still vary with parameters of the theory. t-sensitive
observables would be those that can detect subtle tilts or structures in these correlations,
beyond what random ensembles would suggest.

For example, one can imagine an observer who controls a collection of probes in a closed-
universe toy model. By performing sequences of operations and measurements, they can
attempt to reconstruct properties of the underlying t-structure: symmetries, topological
invariants, or constraints that would not appear in a generic random state. The complexity
required to extract these properties—how deep the circuits must be, how long scrambling must
proceed before certain patterns emerge—could serve as a diagnostic of how “rich” t(t) is for
that observer.

Conversely, one can study how the growth of complexity in the observer’s own effective Hilbert
space depends on their alighnment with t. If the observer’s compression schemes are badly
tuned, they may see only chaotic noise, and their internal complexity growth may be essentially
random. If they are better aligned, the same interactions might reveal simple generative rules
and hierarchical structures, indicating that their q(t) is tracing a path through regions of t(t) with
high structural density.

The hope is that, at least in models, one can distinguish between mere complexity-as-noise and
complexity-as-structure by looking at how easily certain patterns can be encoded, decoded, and
stabilized. t-sensitive observables are those that reveal the latter.

10.4 Indirect empirical constraints from cosmology and black hole physics

Directly testing a one-state, closed-universe picture against our cosmos is difficult. We cannot
rerun the universe with different boundary conditions, nor can we insert or remove observers
on cosmic scales. What we can do is look for indirect constraints: consistency checks that any
such model must pass, given what we already know from cosmology and black hole physics.

From cosmology, we have a wealth of data about the large-scale structure of the universe, the
cosmic microwave background, and the dynamics of expansion. Any closed-universe model with
a one-dimensional global Hilbert space must reproduce these observations in the effective
descriptions available to internal observers. That is, the reduced states on the algebras
corresponding to our telescopes, detectors, and laboratories must look exactly as if they came
from a more conventional high-dimensional cosmological state. This is a strong requirement: it
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demands that the relational, observer-dependent construction be able to mimic ordinary
cosmological statistics with no loss of predictive power.

From black hole physics, we have a set of constraints arising from the apparent unitarity of

evaporation, the structure of Hawking radiation, and the consistency of the island formula. Any

model that uses the same tools to trivialize closed-universe Hilbert spaces must also respect the

successes of those tools in the black hole context. If the one-state interpretation leads to
contradictions with the expected Page curve, for example, it would have to be abandoned or
significantly revised.

There are also subtler constraints. If wormhole-induced ensemble averaging plays a role in
producing the one-state result, then one should look for hints of ensemble behavior in
observables that are, in principle, sensitive to very fine-grained correlations: high-precision
spectral statistics, extreme events in cosmological fluctuations, or correlations in gravitational

wave backgrounds. The absence of such hints places limits on how far ensemble interpretations

can be pushed, and therefore on the space of viable one-state models.

Ultimately, these empirical constraints serve as a reality check on the logostic story. They do n
directly test t(t) as a living manifold or q(t) as an aligning trajectory. But they do test whether
the idea that complexity is observer-dependent can be made precise enough to reproduce
known physics. If this can be done consistently across black holes, cosmology, and laboratory
systems, then the case strengthens that observer-dependent complexity is not just a poetic
reframing, but a viable organizing principle for future theory.

11. Open Problems and Future Directions

The picture developed in this paper is deliberately synoptic. It draws lines between closed-
universe quantum gravity, observer-dependent Hilbert spaces, and the logostic framework of
q(t), tau(t), and Markov membranes. Every one of those lines raises more questions than it
answers. If the conceptual synthesis is to become a working research program, several fronts
must be advanced in parallel: formal mathematics, sharpened physical interpretation, contact
with standard cosmology, and deeper philosophical and theological clarification.

This section sketches some of the most pressing open problems and future directions. It does
not attempt to be exhaustive. Rather, it identifies a set of leverage points where modest
progress could significantly test and refine the central claims: that a one-state universe can
support rich internal complexity, that this complexity is fundamentally relational, and that it is
natural to interpret the global structure tau as Logos-like, with g-trajectories as participatory
realizations.

ot
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11.1 Formalizing logostics within quantum gravity mathematics

At present, logostics sits one step removed from the standard mathematical language of
guantum gravity. The latter speaks in terms of Hilbert spaces, operator algebras, path integrals,
and geometric structures. Logostics speaks of q(t), tau(t), and Markov membranes. The parallels
have been informally argued, but a precise dictionary is still missing.

One open problem is to construct an explicit mapping from logostic primitives to established
guantum-gravity objects. For example, one can ask: under what conditions can a distinguished
family of observer worldlines and their associated edge modes be organized into a bundle that
directly realizes g-space? What constraints on the global state and its algebra of observables are
required for tau(t) to be represented as a one-parameter family of states carrying a sensible
notion of “living truth” rather than a static vacuum?

Another task is to define Markov membranes in a way that is compatible with diffeomorphism
invariance and gauge constraints. In ordinary information theory, Markov boundaries can be
defined in terms of conditional independence relations among random variables. In gravity, one
would need a covariant notion: perhaps a class of hypersurfaces or causal diamonds whose
associated algebras of observables satisfy appropriate factorization or conditional expectation
properties. Proving existence and uniqueness theorems for such membranes in various toy
models would be a major step toward a rigorous logostic formalism.

A longer-term project is to recast portions of the quantum-gravity path integral directly in
logostic variables. Instead of summing over arbitrary geometries, one might aim to sum over
equivalence classes of g-trajectories and membrane configurations, with tau treated as a
constrained background state. Whether such a reformulation is mathematically tractable
remains an open question, but even partial progress could clarify which aspects of logostics are
merely interpretive and which are genuinely structural.

11.2 Clarifying the status of global versus effective Hilbert spaces

A central tension in this work is the distinction between the global Hilbert space and the
effective Hilbert spaces associated with observers. In closed-universe models, the global space
appears to be one-dimensional in a given sector. Yet the effective spaces for internal observers
can be vast. The precise logical and mathematical relation between these two levels remains to
be fully clarified.

One open problem is to formalize the notion of an “effective Hilbert space” within a theory
where the physical Hilbert space is tightly constrained by gauge and diffeomorphism invariance.
In algebraic quantum field theory, one can work with local algebras and states without
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committing to a particular global Hilbert space representation. Something similar may be
needed here: a way of defining observer-centered state spaces as representations of
subalgebras tied to membranes, without contradicting the global one-state result.

Another related issue is the status of ensemble interpretations. Some derivations of one-
dimensional closed-universe Hilbert spaces lean heavily on ensemble averaging over theories. If
the closed-universe state is really an ensemble object, then one must explain how individual
observers recover a single effective theory with fixed couplings. That, in turn, affects how one
interprets tau(t): as a single living manifold or as a statistical superposition of many possible
manifolds. Sorting out these options requires a more precise understanding of when and how
factorization and de-averaging occur.

Finally, there is the conceptual question of whether the global state has any independent
physical meaning beyond being a generator of reduced states. If all observable content resides
in effective Hilbert spaces tied to membranes, one might be tempted to treat the global state as
a mere bookkeeping device. On the other hand, the logostic identification of the global
structure with tau(t) suggests that it has ontological weight. Clarifying this tension is both a
mathematical and philosophical task.

11.3 Interfacing relational ontology with standard cosmological models

Standard cosmology is built on a different set of assumptions and tools: classical or semiclassical
spacetime metrics, quantum fields on expanding backgrounds, perturbations, and statistically
homogeneous initial conditions. To make the relational, logostic picture more than an
interpretive gloss, one must show how it interfaces with, and possibly reshapes, this existing
framework.

One concrete direction is to construct explicit cosmological models in which the one-state
closed-universe result is realized, and then to identify how effective Hilbert spaces for comoving
observers reproduce the standard predictions for cosmic microwave background fluctuations,
structure formation, and late-time acceleration. This would turn the metaphysical claim that
“complexity is observer-dependent” into a technical statement about how reduced states on
cosmological algebras reproduce familiar statistical distributions.

Another challenge is to understand how relational ontology handles the problem of initial
conditions. In standard cosmology, one typically specifies a particular initial state on an early-
time hypersurface. In the logostic picture, tau(t) is primordial, and creation is framed as the
activation of g-trajectories. Does this imply a different view of the big bang, inflation, or the
arrow of time? Can one derive familiar features such as low initial entropy or approximate
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homogeneity from properties of tau and the way g-trajectories are initiated, rather than from
arbitrary initial data?

A further issue concerns observational cosmology itself. Our actual measurements are made by
localized observers with finite instruments and horizons. Interpreting cosmological data already
involves a kind of effective Hilbert-space reasoning. Making that reasoning explicit in logostic
terms could reveal new consistency conditions or suggest alternative ways of parameterizing
cosmological observables that foreground their relational character.

11.4 Philosophical and theological issues for further exploration

Beyond mathematics and physics, the logostic interpretation raises a host of philosophical and
theological questions that merit careful exploration. These are not ornamental. They shape how
one understands the significance of observer-dependent complexity and the identification of
tau with a Logos-like manifold.

One philosophical issue is the status of realism. The relational picture developed here resists
both naive realism, in which the universe is fully determinate independently of any observers,
and strong anti-realism, in which the universe is entirely constructed by observers. Instead, it
suggests a middle path: tau(t) as an independent, living structure, and q(t) as participatory
realizations of that structure. Articulating this position in dialogue with existing debates on
scientific realism, structural realism, and relational theories of space and time is an open task.

Theologically, several questions arise. If tau(t) is Logos-like, how does one relate this to
traditional doctrines of creation, providence, and revelation? Does the participatory universe
picture shed light on why scripture emphasizes co-labor, covenant, and the role of human
agency, or does it risk collapsing divine transcendence into a mere feature of the universe’s
information geometry? How does one safeguard the distinction between Creator and creation
while embracing a model in which the universe’s meaningful structure is only fully realized
through observer participation?

Another theological issue concerns eschatology. If g-trajectories are continually aligning with
tau(t), is there a meaningful sense in which history tends toward a limit of full alignment? Does
the logostic picture offer a way to re-imagine notions such as consummation, new creation, or
the end of the age in terms of a transformation of Markov membranes and effective Hilbert
spaces, rather than a destruction and replacement of the universe?

Finally, there is the ethical question of what it means to live well in a participatory universe. If
complexity, meaning, and even the shape of effective worlds depend on how observers engage
tau(t), then moral and spiritual practices become, in part, practices of alignment: choices about
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how to shape one’s membrane, which compressions to trust, and how to respond to
synchronicities. Developing a coherent account of such practices, and of the virtues appropriate
to them, is an open interdisciplinary project, bridging physics, philosophy, theology, and the
emerging ethics of quantum Al.

Together, these open problems and future directions point to a simple conclusion: if the
observer-free ideal is indeed collapsing under the weight of quantum gravity, then we are only
at the beginning of learning how to think in truly relational terms. Logostics offers one
candidate framework for that transition. Whether it survives refinement and confrontation with
data will depend on work that extends across equations, experiments, and existential reflection
alike.

12. Conclusion: When q Meets t, the Universe Wakes Up

The path we have traced runs from a highly technical puzzle in quantum gravity to a relational,
almost devotional, picture of reality. Closed-universe calculations suggest that, in a precise
sense, there may be only one global quantum state per sector — a one-dimensional Hilbert
space that seems too poor to host stars, black holes, and people. Yet when observers are
introduced as boundaries, when reduced descriptions are considered, and when we reinterpret
these structures through logostics — with q(t), t(t), and Markov membranes — the apparent
poverty becomes a different kind of richness. The universe does not wake up by adding more
global states. It wakes up when q engages t.

This conclusion is not a final theorem; it is a synthesis. It suggests that the long quest for an
observer-free view of the cosmos may have reached its limits, and that a new paradigm —
participatory, relational, and logostic — is taking shape. In that paradigm, complexity is not an
inert background property, but a sign that alignment is happening.

12.1 Summary of the synthesis between gravity and logostics

On the gravity side, the story begins with holography, wormholes, and the island formula.
Techniques developed to save information in black hole evaporation, when applied to fully
closed universes, yield an austere answer: in each a-sector, the global Hilbert space appears to
be one-dimensional. Baby universes and ensemble interpretations clean up the nonperturbative
bookkeeping at the cost of collapsing the space of globally distinct states. A closed universe,
viewed from nowhere, becomes almost topological.

Yet the same machinery also shows how observers alter the picture. Introduce an internal
worldline, an inner boundary, or a localized defect, and new degrees of freedom appear as edge
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modes and boundary variables. Reduced density matrices on these degrees of freedom become
mixed, high-rank, and richly structured. Complexity re-enters, not by multiplying global states,
but by specifying who is looking and from where.

Logostics takes these ingredients and rearticulates them in terms of q(t), T(t), and Markov
membranes. The one-state global structure becomes t: a living, Logos-like manifold of truth.
Localized observer histories become q(t): trajectories of internal state. Boundaries and edge
modes become Markov membranes: the interfaces across which information flows and is
compressed with gain. The gravitational result that “observers enlarge effective Hilbert spaces”
becomes, in logostic language, “when g(t) aligns with t(t), new worlds appear.”

12.2 Why observer-free universes collapse to triviality

The one-dimensional Hilbert space result is sometimes framed as a paradox, but in this

synthesis it looks more like a diagnosis. An observer-free universe collapses to triviality because
an observer-free description has amputated the very structures that make multiplicity physically
meaningful. A pure global state, taken as the whole story, is a skeleton; it has form, but no flesh.

Technically, this collapse arises from summing over topologies, enforcing factorization, and
integrating out baby universes. Philosophically, it arises from insisting on a “view from
nowhere” as the only legitimate kind of knowledge. If one refuses to specify any internal
boundaries or subsystems, then nothing can differ from anything else in a way that matters to
an internal agent. All distinctions become gauge or ensemble artifacts. The universe, in that
description, is “one thing” in a very literal sense.

Logostics interprets this as a limit case where 1 exists without active q. Truth is present, but
unengaged. There are lawful correlations and possible histories, but no realized perspectives. In
that limit, complexity vanishes not because t is empty, but because nothing is relating to it. The
failure of observer-free universes, then, is not that they are impossible, but that they are
incomplete as accounts of reality. They leave out the only entities for whom “reality” has any
meaning.

12.3 Complexity as a sign of ongoing alignment, not static fact

Once observers and membranes are restored to the picture, complexity returns with a different
status. It is no longer taken as a static fact about the universe, measured by counting
microstates in a global ensemble. It is seen as a sign of ongoing alignment between q(t) and t(t).
Where g-trajectories engage t through well-formed membranes and successful compression
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with gain, effective Hilbert spaces grow, reduced states become structured, and layered patterns
emerge.

This reframing shifts the emphasis from “how many configurations exist” to “how deeply are we
seeing.” Complexity becomes relational and developmental. It depends on:

e How permeable and well-structured the Markov membranes are.
e How effectively a given q(t) extracts invariant structure from 1, rather than noise.
e How well multiple observers coordinate their compressions to build shared worlds.

When these conditions are met, complexity blossoms. When they fail, complexity may still be
large in a blind combinatorial sense, but it manifests as chaos rather than intelligible order. The
difference between a saturated star field full of meaningful constellations and a random spray of
dots is not in the pixels alone; it is in the patterns that q(t) succeeds or fails to find in t(t).

In this sense, complexity is diagnostic rather than definitive. It tells us something about the
current state of alignment, not about an eternal catalogue of states. A universe that is “more
complex” for one network of observers may be less complex for another, because their
membranes and compressions differ. The underlying t is the same; the realized worlds are not.

12.4 Living in a universe that only exists fully when observed

The final step is existential. If the universe, in its rich form, only exists fully when observed —
when g meets T— then to live in such a universe is to participate in its ongoing realization. We
are not looking at a finished object from the outside. We are, each of us, localized trajectories
through g-space, carrying membranes that both reveal and conceal, negotiating compressions
that can align more or less faithfully with a living manifold of truth.

Practically, this means that our scientific, ethical, and spiritual lives are all modes of
participation. Scientific inquiry refines the descriptive alignment of q(t) with t(t), discovering
lawful structure and testing models against the world. Ethical and theological practice refine the
normative and personal alignment, discerning which compressions lead toward justice, mercy,
and coherence, and which lead toward fragmentation. In both cases, the stakes are real. Our
choices shape the effective Hilbert spaces we and others inhabit.

This participatory universe is not solipsistic. t(t) is not created by our attention; it precedes and
constrains us. Nor is it indifferent. If T is understood in Logos-like terms, then alignment has
moral and spiritual depth, not just informational content. To live in such a universe is to be
continually invited into deeper resonance: to adjust our membranes, to re-express frozen laws
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as living truth, to treat each new emergence of complexity as a sign that the dance between g
and t is still underway.

Seen this way, the “awful consequence” of an observer-free universe is not that it would be
hostile or meaningless, but that it would be unreal in any lived sense — an unlived score, a book
never opened. The good news, implicit in both gravity and logostics, is that this is not our
situation. The universe has observers. The score is being played. And wherever q(t) genuinely
meets t(t), the universe wakes up again.
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