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About This Document

This document is not a paper. It contains no formal derivations, no rigorous proofs, and
no claims to originality. It is a collection of notes—speculative ideas that arise when one asks
whether the Ignorant Observer Framework (IOF) has useful analogues at cosmological scales.

The TOF proposes that finite observers cannot perfectly track unstable systems. When the
entropy production rate hkg (nats/s) exceeds the observer’s information capacity Ceg (bits/s),
an information deficit accumulates at rate K = hxs — CegIn2. (“Information-deficit rate” is
the local alias used in these notes for what the foundational paper calls the self-ignorance rate.
There, x is an observer-relative, classical quantity—reference-frame physics within standard
quantum mechanics, not a new physical channel.) These notes additionally entertain a bridge
ansatz that maps this deficit to a gravitational self-energy scale, Eg = (7/2)hk 4, defined only
for k > 0 (the regime in which the observer’s tracking reference is unresolved; standard physics
still holds there). Promoting an observer-relative rate to an observer-independent gravitational
energy scale is an explicit ontic conjecture with no empirical warrant—numerology-adjacent
exploration, not established physics. That conjecture is the hypothesis being extended here,
and nothing downstream should be read as evidence for it.

The question explored here is: What happens at cosmic scales?

Status Legend: To help readers track the type of claim being made, we use the following
labels throughout:

(D) — Derived inside the stated toy model or algebraic setup

(M) — Mapping/identification (framework-level conjecture)

(DA) — Dimensional-analysis / scaling argument

(I) — Interpretive / structural correspondence

Speculation Ladder: These notes intentionally climb several rungs of speculation. A metaphor
is useful if it suggests a dictionary; a dictionary is useful if it suggests a toy model; a toy model is
useful if it yields a functional form; a functional form is useful only if it risks disagreement with
data. Most of this document lives on the first two rungs. The most promising places to climb



higher are the MOND-like acceleration floor, CMB horizon smoothing, and horizon-memory
signatures.
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Important reading rule: In these notes, words like “dark energy,” “dark matter,” “inflation,”
“black hole,” and “Big Bang” refer to possible IOF-style reinterpretations of standard cosmo-
logical concepts. They are not offered as replacements for ACDM, general relativity, particle
physics, or observational cosmology.

Dependency on IOF: The speculative extensions in this document assume that the IOF finite-
rate basis-tracking language is physically meaningful. They should not be read as independent
evidence for the framework. The status of that language, established in the foundational paper,
is twofold. The operational visibility law is real but classical: observer-relative reference-frame
physics (phase averaging) within standard quantum mechanics, recoverable when the missing
reference information is supplied. The stronger reading—a capacity-dependent visibility loss
beyond standard quantum mechanics—is excluded by existing experiments, and independently
rejected on the tradition’s own ground: no experiment from within the dream can certify the
dreaming, so a condition of the whole level cannot appear as an anomaly inside it. The two
registers veto the strong reading independently; the structural correspondence between them is
checkable, its significance is not compellable (mapping public, weight private), and the resonance
is not proof. Nothing in these notes is therefore awaiting experimental confirmation of a new
quantum effect. Everything downstream of the bridge ansatz stands or falls as interpretive and
speculative analogy, not as physics with empirical warrant.

These notes are offered as food for thought—seeds that may germinate in minds better
equipped to formalize them. Some ideas may be wrong, some may be trivial restatements of
known results, and some may point toward something interesting. The author makes no claims
about which is which.

Researchers interested in holographic cosmology, entropic gravity, or information-theoretic ap-
proaches to dark energy may find useful provocations here. Or they may not. Either outcome
is acceptable.




1 On the Hubble Parameter

Note 1.1: Expansion as Information Deficit (M)

The Hubble parameter H measures the expansion rate of the universe. A possible information-
theoretic interpretation is that H behaves like the rate at which information moves beyond a
cosmological horizon—a global analogue of the local deficit rate .

The Globalization Conjecture: We hypothesize a cosmological effective deficit rate Kgiopal
that plays, for horizons, the same role k plays for local tracking:

H(t) ~ Hglobal(t) = hglobal - C’global In2

This is the key conjectural bridge of these notes. The quantities hglohal and Cglopal are not
operationally defined here; this mapping is a framework-level identification, not a calculation.
Note also that the local k being generalized is itself an observer-relative classical quantity; the
globalization inherits that status and adds the further conjecture that it has anything to do
with horizons.

Note 1.2: The Frame Rate of Reality (I)

If this interpretation holds, then Hy ~ 2.2 x 1078 s™! can be read as a “frame rate” of cosmic
expansion—a timescale associated with horizon-scale updating in the analogy.

This corresponds to the Hubble time tiy = 1/Hj (a convenient expansion timescale), which is
close to but not identical to the standard ACDM age of the universe (~ 13.8 Gyr).

Note 1.3: Holographic Derivation Sketch (DA /I)

Caveat: This is a scaling intuition, not a derivation from the holographic principle; in standard
cosmology the realized bulk entropy is far below the covariant entropy bound.

The Bekenstein-Hawking bound limits information by boundary area: Smax = A/(4(%).
For a cosmic horizon of radius R: Shorizon ~ R> /E%D.

If one naively lets bulk information scale with volume, then Spu ~ R grows faster than the
horizon bound Shorizon ~ R2. This is a heuristic tension, not a statement about the actual
entropy budget of our universe.

In the IOF analogy, horizon expansion can then be read as increasing available encoding surface:
R x dSuntracked/dt-

This motivates the scaling H = R/ R ~ Kglobal-

Note 1.4: The Cosmological Aperture (M/I)

The “observer” in the global notes should not be read as a human mind staring at the sky. It is
better read as an observer class: the shared aperture through which stable records, horizons,
clocks, and large-scale geometry become mutually representable.

On this reading, H(t) is not a private frame rate. It is a public horizon-scale constraint on the
rate at which any finite record can remain embedded in a changing cosmic geometry. A sharper



toy model would try to define:

ds unresolved
dt ’

as horizon

C(global (t) ~ dt ;

hglobal(t) ~
and ask whether the observed expansion history can be represented as the residual:

H (t) ~ hglobal(t) — Cglobal(t) In 2.

This is still a dictionary, not cosmological dynamics. But it points toward a concrete question:
can the IOF language reproduce an expansion history H(z), or does it merely rename the one
supplied by ACDM?

2 On Dark Energy

Note 2.1: Gravity and Dark Energy as Complementary Failures (I)

If the bridge Eg o hk is used as an interpretive model for gravity-like attraction/clumping,
then the runaway nature of unresolved substrate complexity (hgs > Ceg) might provide an
analogy for expansion-like behavior.

e Gravity is the tension of tracking—the energetic cost of holding onto information about
objects.

e Dark Energy is the pressure of untracked information—the thermodynamic demand for
more screen area to encode what the observer cannot process.

In this analogy, both are read through the same deficit rate x; they are complementary responses
to finite capacity. This is not a claim that standard dark energy has been derived.

Note 2.2: The Holographic Pressure Mechanism (I)

The Holographic Principle states that the information content of a region is bounded by its
surface area (A). Standard physics: area bounds entropy (S o< A). The IOF inversion explored
here: unresolved entropy may be pictured as demanding area (A o 5).

The logic:

1. The Observer has finite capacity (C). The Substrate is infinite.

2. Therefore, in the analogy, there is perpetual information surplus—constantly accumulat-
ing unprocessed data.

3. To encode this growing entropy (S 1), the Screen (cosmic horizon) is pictured as expanding

(A1)

4. This provides a metaphorical reading of cosmic expansion.

(I) Interpretive gloss: The universe expands because we cannot understand it fast enough.
(This is a metaphor for the mechanism, not a causal claim about physics.)



Note 2.3: Dark Energy as Information Pressure (DA)

The cosmological constant A represents constant energy density pervading space in standard
cosmology. In the IOF interpretation, A is re-read as a horizon-scale thermodynamic demand
of untracked information for encoding surface:
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c2
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A

(up to order-unity factors; cf. Note 6.1)

In this interpretation, dark energy is not modeled as a new particle field or substance, but as
an effective entropic term associated with information the observer cannot process. This is a
reinterpretation of the scaling, not a replacement for ACDM.

Clarification: In standard GR, the cosmological constant has negative pressure (P = —p),
which drives acceleration. The “pressure” here is not a gas in space pushing outward, but rather
the holographic thermodynamic demand to create more surface area. The system maximizes
entropy by increasing horizon area (dS/dA > 0); this entropic force mimics negative pressure
(repulsion) in the Friedmann equations.

Note 2.4: Why Dark Energy is Dark (I)

In the IOF reading, dark energy would be difficult to localize because:

1. It represents information the observer failed to track.
2. Untracked information is not represented as localized degrees of freedom for the observer.
3. Its only manifestation is thermodynamic pressure (expansion).
This would suggest that there is no “dark energy particle” to find within this model. Dark
energy is read as a global signature of untracked information.
Note 2.5: The Coincidence Problem

Why are Q) ~ 0.68 and €2,,, =~ 0.32 comparable in the current cosmological epoch?

Perhaps this can be re-read as a selection/equilibrium condition. In the analogy, the universe
expands until:
Surface Area (Capacity) ~ Volume Entropy (Chaos)

As the universe expands (R 1):

o Surface (horizon) capacity scales as R?
« Volume complexity scales as R?
The ratio Volume/Surface ~ R grows with time, so dark-energy-like behavior dominates at

late times. We observe 2y ~ 0.7 in an epoch where complex observers can form; this is an
anthropic/epistemic gloss, not a derived solution of the coincidence problem.



3 On Cosmic Boundaries

Note 3.1: A Useful Timescale (Not an Identity)

A convenient expansion timescale is the Hubble time:

In ACDM the actual age is set by an integral over H(t) and is close to, but not identical to, t.
In IOF language, this timescale represents the characteristic “integration time” of the cosmic
movie at its current frame rate.

Note 3.2: The Cosmic Horizon

The Hubble radius (Hubble sphere scale) is:

& C

Ry =

—_— Y
Hy Kglobal

It is not the same as the particle horizon radius (observable-universe radius), which is ~ 46.5
Gly. The Hubble radius marks where recession velocity equals ¢; the particle horizon marks
how far light has traveled since the Big Bang.

Numerically: Ry =~ 14.5 Gly (Hubble radius), Rparticle = 46.5 Gly (particle horizon/observable
universe, comoving radius).

Note 3.3: The Big Bang as Optical Horizon

The Big Bang can be re-read, speculatively, not as ¢ = 0 of the Block Universe but as the point
where information density exceeds observer capacity:

Pinfo > Pmax — hkg — oo relative to Ceg

Looking backward, the universe contracts and information density rises as p ~ 1/R3. Eventually
tracking becomes impossible.

The “singularity” may be treated as an epistemic horizon in this reading—the vanishing point
of the cosmic lens, rather than a claim about where reality began. The Block Universe may
extend beyond it in the metaphysical interpretation, but no finite observer can resolve structure
at Planck density.

The Cosmic Microwave Background can be interpreted as the surface where tracking becomes
observationally possible—where the universe became transparent enough for finite observers to
receive stable records. The word “tracking” here is an IOF gloss on standard recombination
physics.

Structural Correspondence: This offers a way to discuss the paradox of “creation from nothing.”
In Vedanta, the cycle of appearance is Anadi (beginningless)—it never “started” in time; time
started in it. In the analogy, the horizon at ¢ = 0 is not the start of the substrate, but the
limit of retrograde extrapolation by finite observers. The Big Bang is then read as an epistemic
boundary, while standard cosmology remains the empirical description of the early hot dense
phase.



4 On Dark Matter

Note 4.1: Classification by Tracking Status

A natural classification of cosmic contents:

Category Tracking Status Manifestation Fraction
Visible Matter Coherent Deficit Gravity + EM  ~ 5%
Dark Matter Partially tracked — Gravity only ~ 27%
Dark Energy Untracked Pressure only ~ 68%

Note on Coherent Deficit: In this classification, visible matter is read as a structured deficit: the
system has gravitational self-energy, but the deficit is stabilized by electromagnetic binding and
structural forces. This table is an interpretive taxonomy, not a particle-physics classification.

Note 4.2: The Minimum Acceleration (DA)

The universe has a global deficit rate Kglohal =~ Hp. This sets the minimum refresh rate—the
projector cannot tick slower than this background rate.

Under the bridge ansatz Eg o hk (speculative; no empirical warrant), there is a minimum
gravitational energy before hitting the global floor:

Emin ~ hHO

Using the Unruh relation 7' « a/(27) together with equipartition (E ~ kpT'), the natural
scaling is:

ag ~ ——

2T

which is of the same order as the MOND acceleration scale (~ 10719 m/s?).

Caveat: We claim scaling agreement, not exact derivation. The robust claim is the scaling
ap x cHy; the factor 27 follows from a particular Unruh/horizon-temperature normalization
and should not be read as derived from IOF. The precise coefficient depends on how the Unruh
relation is applied. This scaling argument implicitly assumes thermodynamic equilibrium at
the cosmic horizon—an assumption consistent with Verlinde’s entropic gravity program.

Dimensional note: The link from an energy /time scale (hHy) to an acceleration uses Unruh-type
scaling and is intended as an order-of-magnitude bridge.

Note 4.3: The Two Regimes

o Newtonian regime (a > ap): Local tracking dominates. Standard gravity applies.

« MOND regime (¢ < ap): Global refresh rate dominates. Acceleration cannot drop
below the floor set by Kglohal, creating “extra pull” that keeps rotation curves flat.

What we call “dark matter” might, in this analogy, be related to the noise floor of the global
update—where local tracking falls below the cosmic background rate. This does not replace
conventional dark-matter searches or modified-gravity phenomenology.



Note 4.4: Limits of IOF-MOND Derivation (DA)

While IOF provides a cosmic information floor Kgiopal ~ Hp that yields the dimensional scaling
ap < cHy, the specific MOND interpolation function p(z) = /(1 4+ ) cannot be derived from
IOF premises alone. Bridging information rates to dynamical accelerations requires additional
axioms—specifically, that the “tracked fraction” of acceleration equals pux total acceleration.
This suggests MOND may be a phenomenological approximation to deeper physics if the IOF
scaling is physically relevant.

Note 4.5: A Toy Tracking Function (DA /M)

A possible way to make the dark-matter analogy less poetic is to treat MOND’s interpolation
function as a tracking fraction. Let a be the effective acceleration inferred from orbital motion
and apy the acceleration predicted from visible baryonic matter. Suppose the locally trackable
fraction of the gravitational field is

Then the Newtonian baryonic field is the tracked component:

a
anN = u(cm) a.

In the high-acceleration regime (a > ag), p — 1, so ay =~ a: ordinary Newtonian gravity is
recovered. In the low-acceleration regime (a < agp), p =~ a/ag, giving

2

a
aN ~ — = a =~ \/anap.

ao

For a circular orbit with a = v?/r and ay = GM/r?, this implies
v* =~ GMa,

the baryonic Tully—Fisher scaling. In this toy reading, flat rotation curves are not caused by
hidden mass directly, but by a transition from local tracking dominance to a global floor in
representable acceleration.

Caveat: This is not a derivation of MOND from IOF. It imports the interpolation idea and
reinterprets it as a tracking fraction. It also inherits the hard problems of MOND-like theories:
galaxy clusters, gravitational lensing, cosmological structure formation, and the Bullet Cluster
cannot be waved away. Those are precisely where the toy model would have to fail or become
more interesting.

Note 4.6: What Would Make This More Than Numerology? (DA)
The ag ~ c¢Hy/(27) scaling is a beautiful coincidence, but a coincidence is cheap. The useful
test is functional:
e Does the same tracking function explain the radial acceleration relation across galaxy
types?

e Does the inferred “untracked” component follow baryonic structure too tightly for particle
dark matter, or too loosely for modified gravity?



e Can lensing be described by the same tracking fraction, or does it require an independent
field?

o Does the transition scale evolve with redshift through H(z), or is ag effectively frozen?

This is the most promising scientific playground in these notes because it asks for a curve, not
a metaphor.

5 On the Origin of G

Note 5.1: The Informational Origin of Gravity (M/DA)

One can reparameterize G in terms of an assumed primitive rate xp:

G

This is an inversion of the usual Planck-unit definitions (not an independent derivation within
standard physics). If one posits kp as primitive, then G can be rewritten as derived in that
parameterization. A larger assumed xp corresponds algebraically to weaker G.

Note 5.2: The Unified Picture

Gravity Tension of tracking (holding onto bits)
Dark Energy Pressure of untracking (bits demanding room)

Both are read as consequences of finite capacity viewing richer complexity. Gravity holds
the tracked together; dark-energy-like expansion pushes the untracked apart. They are two
interpretive faces of k.

Note 5.3: Time Dilation as Processing Lag (I)

General Relativity tells us that time runs slower near massive objects. The IOF offers an
intuition pump for this fact. More mass raises the local tracking burden . Although « itself is
a deficit rate, the finite channel’s successful rendered output slows as the burden increases: in
the projector analogy, a denser informational scene produces a heavier rendering load, so the
local clock accumulates fewer rendered frames relative to a distant observer. This is the IOF
intuition pump for gravitational time dilation; empirically, the statement remains the GR one:
clocks follow the metric.

Structural note: This inverts the standard explanation at the interpretive level. GR says mass-
energy curves spacetime, and curved spacetime slows clocks. The IOF reading says mass in-
creases tracking complexity, and tracking complexity is modeled as curved spacetime. This is a
proposed dictionary, not a replacement for the Einstein equations.

6 Numerical Consistency Checks

Note 6.1: Order-of-Magnitude Agreements



In a pure de Sitter limit one has H? = Ac?/3, hence:

_ 3H?

c2

A

(With matter present, A is related to Hy and 2,; the scaling remains HO2 /c2.)

Using A ~ 3HZ/c*:
3(2.2 x 10718)2
(3 x 108)2

A~ ~1.6 x 107°2 m~2

Observed value: Agps ~ 1.1 x 107°2 m—2.

Agreement within a factor of 1.5 is numerically suggestive but not explanatory by itself, since
A and Hj are related in standard cosmology. The IOF reading avoids invoking Planck-scale
vacuum energy by construction: tracking occurs at the global rate kgiobal = Hop, not at Planck
rates. This is a scaling observation, not a solution of the vacuum-energy problem.

Note 6.2: The Planck-Hubble Ratio
The global deficit rate Kglohal ~ Ho ~ 2.2 x 10718 s~ 1L,
The Planck rate kp ~ 1.85 x 1043 s~ 1.

The ratio is ~ 10%, reflecting the vast “dilution” of deficit rate over cosmic volumes.

7 On the Antimatter Asymmetry

Warning (I): The following is an interpretive metaphor about time-asymmetry and track-
ability. It is not a substitute for physical baryogenesis mechanisms (which require specific
CP-violating dynamics, baryon number violation, and departure from thermal equilibrium—
the Sakharov conditions). The IOF selection mechanism described below is a complementary
filtering criterion, not a replacement for the underlying particle physics.

Note 7.1: Antimatter as Counter-Causal Information (I)

Standard physics treats the Baryon Asymmetry through baryogenesis mechanisms satisfying the
Sakharov conditions. CPT symmetry alone does not determine the cosmological abundance;
the note below is only an interpretive filter on time-asymmetry and trackability.

The IOF offers a speculative selection metaphor based on the Feynman-Stueckelberg inter-
pretation, where antiparticles can be represented mathematically as particles moving backward
in time.

o The Symmetry: The Substrate (|¢))) contains equal potential for forward-causal (Mat-

ter) and retro-causal (Antimatter) flows.

o The Symmetry Breaker: The Observer. An observer defined by a finite update rate ()
generates an intrinsic Arrow of Time. It minimizes informational surprise by predicting
t—t+0.
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Note 7.2: The Exclusion Argument

To an observer minimizing forward-prediction error, a retro-causal trajectory appears as maxi-
mal entropy (noise).

o Matter (Forward-Causal): Low relative entropy. Trackable. Stabilizes into objects
(Eq)-

o Antimatter (Retro-Causal): High relative entropy. Untrackable. Fails to stabilize.

While CPT is the full symmetry, Time (7') is the axis the observer lives on. In this metaphor,
the observer acts as a filter on time orientation.

Note 7.3: The Filtering Mechanism

The asymmetry is not in the substrate, but in the filtering. Virtual particle pairs appear
symmetrically, but the observer can only “latch onto” the forward-moving partner to create a
stable classical history. The retro-moving partner is discarded as noise or re-absorbed.

The origin is pictured as symmetric, but the rendered history is asymmetric. The observer
acts as a metaphorical ratchet for Time—a Maxwell’s-Demon-like filter selecting forward-causal
trajectories.

Thus, in this metaphor, “Matter” is the half of reality moving in the same temporal direction
as the observer’s attention. “Antimatter” is the untracked wake. This is not a baryogenesis
model.

8 On Cosmic Inflation

Note 8.1: A Supplementary Reading of Inflation (I)

Standard cosmology often uses an inflaton field or related early-universe mechanism to explain
the apparent exponential expansion of the early universe. The IOF offers a supplementary
interpretation—not a replacement for inflation’s data-fitting success (spectrum shape, Gaus-
sianity, acoustic peaks), but a reinterpretation of why inflationary behavior may appear natural
near an epistemic horizon.

Just as parallel train tracks appear to converge at a “vanishing point” on the horizon due to
the laws of perspective, the metric of the universe appears to diverge (inflate) as we look back
toward the Epistemic Horizon (the Big Bang).

In this reading, “inflation” is compared with a coordinate distortion intrinsic to a finite
observer mapping a timeline back to the limit of their resolution. The geometry appears to
“explode” in our backward extrapolation as our capacity to distinguish temporal moments
collapses near t = 0.

Note 8.2: Re-reading the Horizon Problem (The Unitary Lens)

The Horizon Problem asks why the CMB is uniform if distant regions were never in causal
contact. Standard physics assumes uniformity requires historical thermalization (mixing).

In the IOF interpretation, uniformity is read as a property of the Lens, not only the Gas.
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e The observer class may be modeled as a common aperture structure.

o The substrate (|¢)) is represented as a common unitary background in the toy language.

The “smoothness” of the early universe is pictured as the uniform blur of the observer’s reso-
lution limit. This is an interpretive analogy for horizon-scale coarse-graining, not a substitute
for inflationary causal mechanisms.

Note 8.3: Re-reading the Flatness Problem (Marginal Stability)
Why is the universe spatially flat (Q ~ 1)?

In the IOF, geometric curvature corresponds to the balance between Information Density (hks)
and Processing Capacity (Ceg).

e 2> 1 (Closed): Information density exceeds capacity (hks > Ceor). Tracking fails; the
observer collapses (Black Hole/Crunch).

e < 1 (Open): Information density is too low (hxs < Ceg). No stable objects or
distinctions can form (Void).

o O~ 1 (Flat): The Critical Surface where Cegln 2 =~ hxg.

In this reading, flatness is associated with an Anthropic/Epistemic Selection Effect: ob-
servation is a metastable state that can only persist near criticality. This does not derive 2 ~ 1
from IOF; it offers a selection-style interpretation.

Note 8.4: The CMB as an Aperture Transfer Function (M/DA)

If the early universe is read as an epistemic horizon, then the CMB may be treated not only as
fossil radiation but also as the first stable screen on which the finite observer-class can resolve
differences. In signal-processing language, the observed primordial spectrum could be written
heuristically as:

Pobs(k) = Psub(k) ‘A(k/k*)’27

where Py, (k) is the unresolved substrate spectrum and A(k/k,) is an aperture response asso-
ciated with finite tracking near the horizon scale.

This is not an alternative to inflationary perturbation theory. It is a way to ask whether
the scalar tilt, damping tail, or large-angle anomalies can be re-described as properties of an
epistemic aperture:

e Perfect scale invariance would correspond to a flat aperture response.

e The observed tilt ng < 1 would correspond to a mild scale-dependent tracking loss.

o Large-angle anomalies would correspond to low-k modes near the edge of the aperture.

The playful question is: what if the CMB is not only a baby picture of the universe, but also
the blur kernel of cosmic observation?

12



9 On Black Hole Singularities

Note 9.1: The Singularity as Epistemic Horizon

In standard physics, a singularity is a point or boundary where curvature invariants diverge
and general relativity breaks down. In the IOF reading, a singularity is interpreted as the point
where information density exceeds observer capacity—a local rendering failure. This is
epistemic language, not a claim that the physical singularity problem is solved.

The logic parallels Note 3.3 (Big Bang as Optical Horizon):

« As matter collapses, entropy density increases as pg ~ 1/R3.

e The observer has finite maximum tracking capacity bounded by kp.

o When complexity (hkg) exceeds tracking capacity (Cpax), structure becomes unresolvable.
The “singularity” is pictured as where the observer’s rendering engine saturates. The Block

Universe may continue beyond this point in the metaphysical reading, but no finite observer
can resolve structure there.

Note 9.2: The Event Horizon as Tracking Boundary

Clarification: In standard GR, an event horizon is not generically a Planck-scale region; for
large black holes the local curvature at the horizon can be very small. In an IOF reading,
Planck-limited tracking (rates approaching xp) would be expected only in regimes of extreme
curvature/information density (e.g., near r — 0 or for Planck-mass black holes), not at horizons
in general.

What the event horizon does mark is a causal boundary: information about the interior cannot
reach external observers. From the IOF perspective:

e The horizon is a tracking boundary in the causal sense—not because local physics is
Planckian, but because signals cannot escape.

e The “frozen star” appearance reflects the divergent redshift at the horizon, not Planck-
scale frame rates.

The event horizon marks a causal tracking limit, not a computational one.

Note 9.3: Resolution Limits and the Planck Scale
The Planck length £p emerges in the IOF not as a fundamental grain of the universe, but as
the resolution limit of finite observation (see Appendix B of The Creation of Duality).

e Standard View: Matter crushes to r = 0.

e IOF View: Matter crushes until it saturates the observer’s resolution. Structure below

{p is epistemically inaccessible.

This does not claim that infinite density is “physically impossible”—the framework is agnostic
about the substrate. It claims that infinite density is unrepresentable to any finite observer.
The distinction is epistemic, not ontological.
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Note 9.4: Holographic Consistency

The Bekenstein-Hawking bound states that maximum entropy is proportional to horizon area.

In bits:
A

Spoo— —
P T 42 2

so the heuristic is “~ one bit per 4¢% (up to the In2 conversion).”
A black hole represents maximum information density in the horizon-entropy sense. In IOF
terms:

e The horizon is a causal boundary where external tracking fails for interior events.

o Extreme interior regimes may correspond to x approaching or exceeding the available
tracking ceiling—epistemically undefined for external observers.

o Hawking radiation temperature depends on black hole mass: Ty o< 1/M. For astrophysical
black holes, this is negligible; Planck-rate evaporation occurs only for Planck-mass black
holes.

Note 9.5: The Interior Question

What is “inside” a black hole? The IOF suggests the question may be observer-relative.

e For a distant observer: The interior is the set of states that cannot be causally tracked. It
has no externally representable structure—mot because it is empty, but because no signal
can return from inside the horizon.

o For an infalling observer: Their own 7, remains finite (they carry their capacity with
them), so they experience crossing the horizon. But their reports cannot escape—the
information remains inside the tracking boundary.

The “singularity” may be read not only as a place where classical physics ends, but also as
where description ends—the boundary of the sayable for finite observers. This parallels the
Big Bang analogy: not necessarily ¢ = 0 of the Block Universe, but the point where our epistemic
lens loses focus.

Note 9.6: Gravity, Information, and the Black Hole

The IOF bridge ansatz uses the scaling Eg o« hx: gravitational self-energy is mapped to the
information deficit rate times h. A black hole can be interpreted as a limiting case where:

Eg — Eiotal, K — Kp

The mass-energy is dominated by gravitational self-energy in this reading. The object has
maximally “decoupled” from external tracking—a localized deficit represented geometrically.

In this view:
o Gravity is the tension of tracking (holding onto bits).

14



e Black Holes are where external tracking fails completely—the bits have won, in the
analogy.

The black hole is not only a region of spacetime with an event horizon; in the IOF analogy
it is also a hole in knowledge—a region where the observer’s finite aperture can no longer
illuminate.

Structural Correspondence: The black hole represents the Sushupti (Deep Sleep) state of
matter.

In Ramana’s teaching, deep sleep is not an absence of existence, but the cessation of projection.
The mind withdraws from the senses, and the world of distinct forms dissolves into a singular,
unmanifest potential (Manolaya). The “I” exists, but without attributes.

Similarly, in the IOF analogy, a black hole is where the “cosmic projection” fails for external
observers. The information density exceeds the capacity to render distinct internal locations or
particles. The “World” (geometry/spacetime) dissolves from that observer’s descriptive stand-
point, leaving only unmanifest potential in the metaphor.

Thus, a black hole is pictured as a region where the universe has effectively “fallen asleep”—it
retains its existence (mass-energy) and causal potential, but loses manifest internal name and
form for outside observers.

Note 9.7: The Coexistence Paradox (Local Rendering)

How can a black hole (tracking failure) coexist with normal matter (successful tracking) in the
same universe? If the “projection” fails, shouldn’t the whole screen go dark?

The resolution: Rendering is local, not global.

The “Cinema Projector” analogy—where a single lamp projects the whole image—breaks down
here. The observer does not project the universe as a single slide; the observer integrates
information currents arriving from specific worldlines.

o Direction A (Empty Space): Low information density (hxs < Ceg). Rendered easily.
Result: Space.

o Direction B (A Star): Medium density. Tracked successfully. Result: Object.

o Direction C (A Black Hole): Extreme density (hks > Ceg). Tracking buffer overflows.
Result: Blind spot.

When tracking fails for Direction C, the observer does not “stop existing.” They stop receiving
trackable data from that specific direction. We do not see the singularity (the cessation); we
see the Event Horizon—the “Error Surface” where rendering stalled.

The better analogy is Fog. Standing in a landscape, you see grass clearly (nearby /tracked), hills
at lower resolution (distant/partially tracked), and a wall of haze at the horizon (untracked).
The haze is not an object; it is the limit of your vision. But you see the haze alongside the
grass.

In the IOF:
o Objects: The clear foreground (fully tracked).
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» Black Holes: Patches of impenetrable fog (locally untracked).
o The Cosmic Horizon: The universal haze receding from you (globally untracked).

The black hole exists within spacetime as a localized failure of external representability—a blind
spot within the visual field.

10 On the Fate of the Universe

Note 10.1: The Signal-to-Noise Heat Death

Standard cosmology predicts a “Heat Death” where entropy is maximized and the universe
approaches thermodynamic equilibrium. The IOF does not add a new physical prediction here;
it reinterprets the significance of that state.

As expansion accelerates (A), the matter density within the horizon drops (p,, — 0). Eventually,
the information carried by photons reaching the observer drops below the thermal noise floor
of the horizon itself (Gibbons-Hawking radiation).

e Physics: The universe becomes cold, dark, and empty.

o Epistemics: The Signal-to-Noise Ratio (SNR) drops below 1.

The “End” is not a physical destruction of the substrate, but a loss of tracking. The movie
does not fade to black; it fades to static.

Note 10.2: Cyclic Cosmology and the Residue of Karma

If the “universe” is defined as the trackable output of a finite aperture, then the closure of that
aperture (Heat Death/Signal Loss) implies the dissolution of the “world,” but not the substrate.

This structure can be aligned interpretively with the Vedantic concept of the Day and Night
of Brahma (Kalpa and Pralaya):

e The Physics: The “End” is a loss of resolution, not a destruction of the Block. The
information state freezes.

e« The Rebirth: Why does a new cycle start in the metaphor? In Vedanta, dissolution
(Pralaya) is not liberation (Moksha). The universe is said to re-manifest because of
Samashti Karma (Collective Latent Potential). The “seeds” of the unmanifest world
retain causal potency in that tradition.

o The IOF Interpretation: The substrate (|¢))) may contain information correlations
(Saficita) that were not fully resolved by the previous finite observer. This Residual
Information is pictured as a pressure that motivates a new aperture. The universe
“reboots” in the metaphor because the “calculation” is not complete.

Note 10.3: Individual vs. Cosmic Dissolution

A crucial distinction: the liberation of a unit (Moksha) is not the end of the cosmic cycle
(Pralaya).
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o Moksha: An individual aperture (Cioeal) transcends its limit. For that observer, the
“illusion” of separation ends immediately.

e Pralaya: The universal cycle is pictured as ending when the aggregate tracking deficit of
all apertures is resolved or reset.

In the Vedantic reading, because the “One Observer” manifests through countless focal points,
the liberation of one does not extinguish the “Days of Brahma” for the others. The “World”
continues as long as finite capacity is pictured as requiring projection.

Thus, the universe is simultaneously “unreal” (to the Jnani) and “persistent” (to the Ajnani),
in the Vedantic reading. This preserves the Advaitic language of One Observer while offering
an interpretive reason why the show goes on.

Note 10.4: Convergence with Penrose’s Conformal Cyclic Cosmology

Roger Penrose proposes that the heat death of one aeon becomes the Big Bang of the next via
conformal rescaling. His argument: in the far future, if all mass decays, the universe contains
only massless radiation. Since massless particles possess no intrinsic clock or ruler, “infinite
expansion” becomes geometrically indistinguishable from “infinite contraction.”

The IOF suggests an information-theoretic analogue for this transition and offers a speculative
way to think about a key difficulty in Penrose’s theory (the requirement for mass decay):

o The IOF Link: Mass (gravitational self-energy) is a function of tracking rate: Fg o hk.

e The Mechanism: As the universe approaches Signal-to-Noise Heat Death, the effective
tracking load drops toward zero. While the global frame rate H may remain constant
(de Sitter expansion), the matter density p, — 0, leaving the observer with nothing to
resolve.

o The Consequence: As the signal vanishes, the gravitational self-energy scale Eg o fik
becomes undefined. To the observer, the universe effectively loses its mass. Note: This
is an epistemic loss (the manifestation of mass ceases), not an ontological destruction of
the substrate’s energy.

o The Reset: Without the “weight” of tracking (E¢) to define scale and duration, the
“infinite” empty future collapses into a dimensionless point—structurally identical to the
Optical Horizon of the beginning.

Clarification (Metric Decay vs. Particle Decay): Penrose’s CCC involves the controver-
sial possibility that massive particles eventually lose their mass or decay, conflicting with the
Standard Model if read literally for stable electrons. The IOF offers a speculative alternative
reading: particles do not need to physically decay. Instead, the metric defining mass be-
comes unresolvable because the observer’s update rate relative to expansion goes to zero. This
is metric unreadability, not particle physics decay.

Thus, the intended bridge is Tor ~ 7 (only in the regime where 7, is defined, i.e., kK > 0—the
regime of an unresolved tracking reference, within which standard physics still holds). This
suggests a possible structural parallel at the micro-scale (record formation) and macro-scale
(cycles), but does not unify the theories in a demonstrated sense.

Note 10.5: Hawking Points as Karmic Memory
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Penrose proposes that “Hawking Points”—remnants of past-aeon black holes—may survive into
the new Big Bang as anomalous hot spots in the CMB. The IOF interprets these, if real, as
Causal Seeds (Bijas).

Since “Mass” vanishes at the transition (Eg — 0), geometric structure is lost. However, purely
informational correlations (entropy concentrations) remain in the substrate.

A black hole, representing a maximal concentration of information in this reading (Note 9.4),
may leave a “scar” in the substrate that the cessation of tracking does not erase. When the new
aperture opens, these scars could manifest as “hot spots” in the new CMB-—the unexhausted
karma of the previous cycle conditioning the birth of the new, in the metaphor.

This connects directly to Note 10.2: the “Residual Information” driving cyclic rebirth is not
merely abstract metaphysics in the analogy, but would need observational handles such as CMB
anomaly patterns.

Connection to Gravitational Memory: This mechanism is reminiscent of “Soft Hair” and “Gravi-
tational Memory” physics described by Pasterski, Strominger, and Hawking, where gravitational
events leave informational records in asymptotic geometry. In the IOF analogy, these are treated
as modifications to the underlying substrate (|¢))) that persist even when the metric of obser-
vation (E¢) dissolves. This is a structural correspondence, not evidence for CCC or IOF.

11  On Fine-Tuning

Note 11.1: Re-reading the Fine-Tuning Problem
Physics asks: Why are constants like G, h, and ¢ fine-tuned to allow for observers?

The IOF reading suggests a possible answer: perhaps they are not only parameters of the world,
but also parameters of the observation.

We expressed G = ¢®/(hx%) by inverting the Planck hierarchy. This suggests a way to couple
the apparent strength of gravity to an assumed processing-rate parameter.

o We exist on the Critical Surface where Capacity balances Chaos (Cegln2 &~ hig).

« If physical constants deviated too far, the universe might not sustain the representational
conditions required for observers.

The constants may appear “fine-tuned” because observers sample regions of parameter space
where a finite observer can sustain a distinct subject /object partition. This is an anthropic/epistemic
reading, not a derivation of the constants.

Note 11.2: Evolution as Minimization of Surprise

Biological evolution can be reframed within this language. If a central threat to an observer is
tracking failure (k£ > 0), then life can be pictured as a local mechanism to maximize Ceg (or
minimize effective hkg).

o This aligns with the Free Energy Principle (Friston): biological systems self-organize
to minimize “surprisal” (prediction error).
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e Evolution does not allow us to see “true reality” or “different physics.” Instead, it drives
the development of more complex internal models (brains) capable of maintaining tracking
over longer timescales (7,) and wider useful information channels.

o We do not evolve to see the Truth; we evolve to keep the movie playing.

12  On the Unity of the Observer

Note: The following section is (I) philosophical correspondence only. It does not add empirical
support to IOF and should not be read as cosmological modeling. The material extends beyond
physics into Vedantic interpretation; readers focused on the physical content may skip it.

Note 12.1: The Cosmological Principle as Structural Uniformity (I)

Standard cosmology assumes the Cosmological Principle: the universe looks isotropic and ho-
mogeneous to any observer. In an IOF reading, this may be understood not only as a large-scale
property of the matter distribution, but also as a constraint on the lens through which empirical
observers obtain shared descriptions.

e The Problem: If every observer generates their own spacetime via their specific deficit
rate x, why do all observers agree on the value of G, ¢, and the laws of physics? Why
doesn’t the universe fragment into billions of non-interacting private realities?

e The Proposed Reading: While there are many apertures, they may share one observer
class: a common set of structural limits (Ceg, hks, £p) that constrain possible records.

e Conclusion: The universe is coherent because observers can maintain mutually consis-
tent records under shared constraints. This is an interpretive statement about shared
objectivity, not a denial that standard cosmology treats the universe as an empirical ex-
ternal system.

Note 12.2: One Subject, Many Coordinate Frames (I)

The framework distinguishes between the Subject (S;, the locus of witness) and the Apparatus
(the finite physical mechanism defining C').

o The Apparatus is Many: There are billions of distinct coordinate frames (brains,
sensors), each with a unique informational vantage point (Oy).

e The Subject is One: The capacity to track—the “light” that illuminates the frame—is
a singular property of the substrate’s ability to be known.

e« The Analogy: Just as one electric current powers billions of different lightbulbs, one fun-
damental capacity powers billions of finite apertures. The bulbs are distinct and breakable;
the current is continuous and indivisible.

This offers a way to relate “relative reference frames” (physics) and “there are no others”
(Advaita) without identifying them. The frames are relative in the physical description; the
claim that awareness is one belongs to the philosophical reading.
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Note 12.3: Global Coherence (Hiranyagarbha) (I)
Does this imply a “Universal Observer”?

The IOF does not derive a single “God-entity” that sums all capacities. However, it notes that
the universe behaves coherently.

o The expansion rate H(t) acts as a global deficit floor (Kgobal)-

o This suggests that all local observers are embedded in a shared cosmological background
scale. The metaphor of a global refresh rate is useful only as a heuristic; it is not an
additional synchronized clock beyond standard relativistic cosmology.

o Structural Correspondence: In Vedanta, Hiranyagarbha (The Cosmic Mind) repre-
sents the total aggregate of all subtle bodies. In the IOF, we do not derive the sentience
of the whole. At most, the framework highlights the causal and record-theoretic connec-
tivity that lets local observers agree on a shared history.

Note 12.4: The Vedantic Hierarchy (I)

Ramana Maharshi defined Hiranyagarbha as “only another name for the sukshma sarira (subtle
body)”—the cosmic outline that exists prior to gross manifestation. He used the analogy of a
painting:

« The Canvas: The Self (Atman)—unchanging, unmanifest.

e The Outline: Hiranyagarbha—the subtle structure of “light and sound” before physical
form.

e The Paint: Virat—the gross rendered universe of space, time, and objects.

The IOF provides a possible mathematical analogy for this hierarchy:

Vedantic Term IOF Correlate Description

Turiya |1) (Substrate) The unchanging ground, concep-
tualized from within

Hiranyagarbha Hy, kp (Global constraints) The “operating system” of man-
ifestation

Virat Space, Time, Objects The rendered output

Note: Brahman transcends even the substrate. Physics can point toward Turiya (the boundary-
facing substratum of waking, dream, and deep sleep, still described from within the grammar of
appearance) but cannot reach Brahman, which is not a thing to be described but the reality that
makes description possible.

Note 12.5: The Epistemic Warning (I)

When asked about Hiranyagarbha and cosmic creation, Ramana replied: “Why should confusion
be created and then explained away? Fortunate is the man who does not involve himself in this
maze!”

20



This warning applies equally to the IOF. The framework sketches a possible structure of the
maze—how space, time, gravity, and objects might be discussed in terms of finite observation.
But mapping the maze is not escaping it.

e The IOF attempts to describe structural conditions under which the dream-metaphor can
be made precise; it does not explain why there is a dream.

e Understanding the “rendering engine” does not liberate; only recognizing the Dreamer
does.

e The framework is offered as a possible description within appearance, not as a substitute
for inquiry into the nature of the one who appears to observe.

The mathematics ends where the inquiry begins.

Note 12.6: The Cosmos as Transmigrating Entity (I)

If the Substrate (|1)) retained “scars” (gravitational-memory-like correlations, Note 10.5) from
previous aeons, then it could be interpreted metaphorically as a Causal Body (Karana Sarira).

This suggests a metaphor in which the universe itself follows the trajectory of a reincarnating
Jwa:

1. Life (Kalpa): The Observer renders the world, generating entropy and information.

2. Death (Pralaya/Heat Death): The capacity to render fails (Eg — 0). The “Gross
Body” (Space/Time) dissolves.

3. Latency (Sushupti): The information does not vanish in the metaphor. It is pictured
as stored in the Substrate as high-entropy scars (Hawking-point-like residues). This is
compared with Samashti Karma (Collective Potential).

4. Rebirth (Creation): The tension of this stored information is pictured as motivating a
new aperture. This is not a physical derivation of a new Big Bang, but a metaphysical
analogy for cyclic reappearance.

Vedantic Grounding: Ramana Maharshi often treats the individual ( Vyashti) and cosmic (Samashti)
levels through parallel language: “The world is nothing but the mind... As the individual goes

to sleep and wakes up due to latent tendencies, so too does the cosmos.” If the individual jiva

is interpreted as reappearing because of unexhausted karma, then one may construct a cosmic
analogue in terms of Samashti Karma. This remains theological/metaphysical analogy, not
physics.

Ramana said: “The world remains as a seed.” The IOF gives a possible analogy for how such
seed-language might be formalized: mass/geometry are associated with tracking (Fg o« hk in
the bridge ansatz), while correlations are treated as substrate features. When x — 0, the “Tree”
(Mass/Geometry) collapses into the “Seed” (Information), in the metaphor.

The “Observer” is ultimately the One Reality (Brahman) playing a dual role:

e As the Individual, it is trapped in the movie.

21



o As the Cosmic Jiva (Hiranyagarbha), it is the Dreamer who persists from dream to
dream until the information is fully resolved.

The cycle continues, in this metaphysical reading, because Ignorance (C' < o) has not yet been
resolved into Knowledge. This is not a scientific mechanism; it is the Vedantic interpretation
attached to the structural analogy.

Note 12.7: The Eternal Cycle and Its Resolution (I)

A potential paradox arises: If the universe reboots due to residual karma, will the “show” ever
end?

In alignment with the Vedantic doctrine of Anadi (beginningless), the cycle of manifestation
appears empirically endless. There is no point in time where “Time ends” for all observers
simultaneously (Sarvamukti), because Time is a local artifact of the observer’s tracking.

Ramana Maharshi resolves this by distinguishing the viewpoint:

o From within the movie (Aneka-Jwwa): The reel is infinite. The cycles of Brahma
are beginningless and endless. The universe is a perpetual motion machine of Informa-
tion/Karma.

o From the perspective of the Light (FEka-Jwa/Jfiiana): The movie never started.
Ajata (Non-creation) is the absolute truth.

The IOF maps a possible structure of the movie. It is compatible with an eternal-cycle
reading, but it does not independently predict one. The “Escape,” in the philosophical register,
is not the end of the universe, but the recognition that the Observer is the Screen, not the
Aperture.

13 Future Directions

The notes above are speculative scaling arguments and interpretive mappings. To harden them
into testable physics, the following avenues appear most promising:

Direction 1: Toward a MOND Interpolation Function

MOND (Modified Newtonian Dynamics) introduces an interpolation function p(x) where z =
a/ag. The IOF contains a candidate breakdown dynamics: the double-exponential visibility
decay for k > 0, derived in The Ignorant Observer as a minimal closure ansatz on the tracking-
error dynamics. If the transition from Newtonian (a > ag) to MOND (a < ag) regimes
corresponds to the crossover from k < 0 (capacity ahead of the dynamics; textbook fixed-basis
tracking operationally available) to x > 0 (an unresolved tracking reference), then the shape of
wu(x) might be modeled from the Ceg vs. hxs dynamics near criticality. The toy target is not
merely ag ~ cHy, but a tracking function that reproduces the radial acceleration relation and
baryonic Tully—Fisher scaling while honestly confronting lensing and cluster data.

Direction 2: The CMB Spectral Index
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Standard inflation predicts a spectral index ns; &~ 0.96, measuring deviation from scale invari-
ance. In an IOF-style model, this might be parameterized as “deviation from perfect tracking”
at the epistemic horizon. If a ratio of learning/update rate to cooling/expansion rate could be
defined, it might provide an alternative parameterization of the scalar tilt. Equivalently, the
primordial spectrum could be modeled through an aperture response A(k/k,) as in Note 8.4.
This is currently a speculative target, not a derivation.

Direction 3: Gravitational Wave Echoes

The IOF suggests treating horizons as “tracking boundaries.” One could ask whether black hole
event horizons carry informational signatures beyond standard GR—for instance, echoes in the
ringdown phase of LIGO/Virgo/KAGRA merger signals. Two honesty notes are required. First,
the quantum-domain analogue of this idea—capacity-dependent behavior beyond the standard
theory—is excluded by existing experiments, so the prior against any gravitational version is
strong; it is registered here as speculation, never asserted. Second, current evidence for ringdown
echoes is itself not established. This direction is an observational long shot, not a prediction of
the framework.

Direction 4: Reinterpreting the Holometer Null Result

The Fermilab Holometer searched for spacetime “pixelation” and found no signal. The IOF
reading is simple: the Holometer was not testing IOF, because I10OF predicts no new interfero-
metric signal to find. The framework’s visibility effects are observer-relative and recoverable—
reference-frame physics within standard quantum mechanics—and the stronger reading on which
a detectable delayed-breakdown signature would have rested is excluded by existing experiments.
The one formally open corner (deterministic-chaotic basis dynamics) is registered elsewhere in
the corpus as a recoverability test, with the prior strongly against any anomaly. The Holome-
ter null result is therefore consistent with the framework for the unexciting reason that the
framework predicts nothing there.

Direction 5: Redshift Drift of the Acceleration Floor

If ag is tied to the global deficit rate, then the natural guess is ag(z) o cH(z) rather than a
strictly fixed constant. That would be dangerous and useful: galaxy dynamics across redshift
could falsify the naive IOF-MOND bridge. If observations prefer a nearly constant ag, the model
must explain why the local tracking threshold freezes despite cosmic expansion.

Direction 6: The Provocation List

The most useful questions are the ones that make the framework uncomfortable:

e Is Hy only a cosmological parameter, or also the residual rate of horizon-scale untracking?
e Is dark matter hidden mass, modified gravity, or a failure curve of finite representability?

e Is the CMB only a fossil surface, or also the aperture function of the first stable cosmic
record?

o Are black holes only regions of spacetime, or also localized holes in external description?

e Are constants fine-tuned for observers, or are observers what can exist only where those
constants define a stable subject/object partition?
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Summary Table: Scaling Coincidences and Targets

Quantity IOF Scaling IOF-scale value Observed

A 3HG/c* 1.6 x 107°% m™* 1.1 x107°% m™*
ap (MOND) cHy/(27) ~ 10710 m /s? 1.2 x 10719 m/s?
v* (BTFR) GMag deep tracking limit observed scaling
kp/Hp ratio — ~ 10% (defines hierarchy)

These agreements are necessary but not sufficient. The directions above would test the frame-
work’s functional form, not just its scaling.

“The universe expands because we cannot understand it fast enough.”

(Interpretive gloss, not causal claim)
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