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Abstract

What if quantum randomness is the signature of a �nite observer's tracking limit rather
than an indeterministic world? The Ignorant Observer Framework (IOF) treats the ob-
server as a physical dynamical system with �nite e�ective capacity Ceff and a nonzero
internal information-production / instability rate (captured by a Lyapunov-like rate λ or an
entropy-rate proxy hKS). The core control-theoretic ingredient is the Data-Rate Theorem:
an unstable process cannot be stabilized over a channel whose capacity is below a threshold
set by the instability rate. IOF applies this logic to the observer's own basis-tracking prob-

lem: the measurement basis is implemented by internal physical degrees of freedom that
must remain causally trackable for quantum correlations to be stably represented.

This yields a canonical de�cit rate

κ = hKS − Ceff ln 2,

with two regimes: capacity-wins (κ < 0), where basis uncertainty is suppressed and standard
quantum predictions are recovered to high accuracy, versus chaos-wins (κ > 0), where basis
uncertainty grows and produces quantitative visibility suppression via Gaussian averaging,
Vmeasured = VQMe

−σ2/2. The framework does not modify unitary dynamics and does not
postulate a physical collapse mechanism; the appearance of collapse is an observer-level
transition in trackability.

With biologically plausible e�ective capacities and instability rates, IOF predicts a lay-
ered temporal structure for human observers (tens of milliseconds per convergence level,
culminating in the familiar ∼350ms Libet-scale lag) and percent-level visibility e�ects when
tracking operates near threshold. Finally, we highlight a correspondence that becomes mean-
ingful only in the chaos-wins regime: the objective-reduction classicalization scale and the
observer self-knowledge failure scale can coincide, τOR ≈ τSK (where τSK is de�ned).

Om Namo Bhagavate Sri Ramanaya

�When we �nally understand quantum mechanics, we will wonder how we ever missed something so simple.�

� John A. Wheeler
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Part I

The Contemplative Starting Point

1 The Ancient Insight

1.1 What Is Advaita Vedanta?

Advaita Vedanta represents the systematic empirical science developed within the ancient Vedic
tradition for investigating the nature of consciousness and reality. The name means �non-dual
end of knowledge�: advaita = �one without a second,� veda = knowledge, anta = end or culmi-
nation. Like modern physics, it represents a rigorous path from ignorance to knowledge�but
using a complementary methodology.

Vedanta states reality is non-dual. There is one fundamental, which appears as the multiplic-
ity of individual observers and observed objects. The fundamental reality�called brahman�
cannot be de�ned directly, only negatively in terms of what it is not (neti neti : �not this, not
that�), for it transcends all objecti�cation.

The central �nding: Brahman = 	atman (the Self). You are not the body-mind you take
yourself to be�that is the appearance. You are the fundamental reality itself, appearing as
an individual observer. This is captured in the teaching: Brahma satyam jagat mithy	a, j	�vo

brahmaiva n	aparah.��Brahman alone is real; the world is dependent appearance; the individual
is none other than Brahman.� Though the fundamental reality cannot be de�ned directly,
its nature is sat-cit-	ananda (existence-consciousness-bliss). Consciousness (cit) here is de�ned
negatively: anything you can be aware of is not consciousness.

This is empirical science, not metaphysical speculation. Vedanta o�ers precise analysis and
systematic method. The investigation begins with the most immediate, undeniable datum: I

am aware. What exactly is this �I� that is aware? Rigorous inquiry reveals that consciousness
itself�the knowing principle�cannot be known as an object, because it is the subject that
makes all knowing possible.

1.2 The Core Problem: Avidy	a

Avidy	a (ignorance) is not mere lack of information. It is the primordial error, traditionally
de�ned as �seeing the real as unreal, and the unreal as real��mistaking oneself to be a limited,
individual body-mind (the unreal) rather than recognizing one's true nature as the unlimited
fundamental (the real).

From this root ignorance, the appearance of separation follows necessarily:

� The One appears as observer and observed

� The in�nite appears as �nite individual

� The subject appears as object

� Pure consciousness appears as separate person having experiences

Ramana Maharshi (1879�1950), the sage whose teachings inform this work, described the
mechanism precisely: The ego�the thought �I am this body��is a formless phantom that
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simultaneously projects and perceives the world of multiplicity. It arises from forgetting one's
true nature as consciousness and identifying with the body-mind apparatus.

The ego sustains itself through attention to objects (anything other than itself). By con-
stantly grasping at thoughts, sensations, perceptions�anything but its own source�it maintains
the appearance of separation. When attention turns back toward itself alone, investigating �who
am I?,� the ego dissolves, revealing only the non-dual awareness that was always present.

1.3 The Mechanism of Multiplicity

A crucial and often misunderstood point: The appearance of multiplicity is not arbitrary or
illusory in the sense of being non-existent. It has a precise structure, describable in terms of
m	ay	a (the power of apparent manifestation).

M	ay	a has two aspects or powers (±aktis):
	Avaran. a-±akti (veiling power): Conceals the non-dual whole, making the in�nite appear

�nite. It is like a lens that narrows the �eld of vision, creating the sense of limited perspective.
Viks.epa-±akti (projecting power): Projects the appearance of multiplicity from the con-

cealed unity. Once the whole is veiled, the parts appear as separate and independent.
These are not two separate powers but two aspects of a single mechanism: Self-ignorance

necessarily produces both the veiling of one's true nature and the projection of apparent sepa-
ration.

Here is the key insight that bridges to physics: The multiplicity is perfectly real as
appearance while being fundamentally unreal as independent existence. The dream
is completely real within the dream; only upon waking does one recognize it was appearance in
consciousness, not separate reality.

1.4 Self-Reference and the Impossibility of Complete Self-Knowledge

Vedanta makes a claim with striking parallels to Gödel's incompleteness theorems: complete self-
knowledge is structurally impossible for an observer operating through subject-object division.

The Self (= 	atman = brahman) is self-aware by being itself, not through objecti�cation. The
ego attempting to observe itself is like an eye attempting to see itself�structurally impossible.
But there is a crucial distinction:

The ego: Cannot know itself completely. The ego�the �I am this body-mind� thought that
creates apparent individuality�cannot fully know the state that determines its next thought,
choice, or perception. By the time the ego becomes aware of a mental state, that state has
already evolved. There is always lag, always incompleteness. The ego cannot trace WHY its
thoughts, choices, and attention move as they do. The causal chain from past tendencies to
present experience remains hidden.

The Self : Is aware by being itself, not through objecti�cation. The Self knows itself by
being itself, not by observing itself as an object. This is immediate, non-dual awareness (svar	upa-
jñ	ana)�not knowledge OF self but knowledge AS self.

This distinction is crucial. We are not claiming that consciousness is limited. We are saying
that the ego�the apparent individual observer (j	�va) identi�ed with a body-mind�necessarily
has limited self-knowledge because it operates through subject-object division.

(For detailed analysis of Self, ego, and the structure of ignorance, see Part VII: A Non-Dual
Perspective. For how this connects to quantum measurement, see Section 6.)
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2 The Question

2.1 Can This Be Physical?

Given this empirical framework from Vedanta, a natural scienti�c question arises:
If fundamental self-ignorance creates the appearance of individual observers in a non-dual

reality, what would that look like physically?

Not: �Does quantum mechanics prove Vedanta?� (It doesn't.)
Not: �Can Vedantic inquiry derive physical laws?� (It can't.)
But: �If we take seriously the structure of self-ignorance that Vedanta describes�the ego's

inability to know the causal chain of its own arising�and formalize it mathematically, what
testable predictions emerge?�

Terminological note: "Self-ignorance" here means the observer's ignorance of its own
internal physical state�used for technical precision to distinguish internal from external igno-
rance. The body is itself world (object), not Self (	atman), so this is still ignorance (avidy	a)
about appearances.

2.2 The Physical Translation

The conceptual bridge is straightforward:
Vedantic claim: The ego cannot trace the causal chain determining its present state.

You experience choosing, but you cannot know WHY this particular choice arose from the
accumulated tendencies (v	asan	as) of the past.

Physical translation: An observer making a quantum measurement cannot trace WHY
their internal state θ(t) (determining the measurement basis) evolved to this particular value.
The causal chain from past states is hidden from conscious awareness.

Note on tracking vs. prediction: The following equations describe a tracking prob-
lem, not forward prediction. The observer continuously estimates θ(t) through a �nite-capacity
information channel. Let hKS denote the Kolmogorov�Sinai entropy rate (nats/s) character-
izing internal unpredictability. The critical comparison is hKS ≷ C ln 2: when capacity wins
(C ln 2 > hKS), tracking converges on a timescale τfill; when chaos wins (hKS > C ln 2), tracking
fails on a timescale τloss = 1/(hKS − C ln 2). For di�usive dynamics, a steady state is reached
when the rate of uncertainty injection (Dθ) balances the rate of information extraction (C). See
Part II for quantitative derivations.

Mathematical formalization: Causal self-ignorance is quanti�ed by the variance σ2θ of the
observer's knowledge about the measurement basis. This uncertainty is bounded by information-
theoretic limits:

Chaos-wins loss timescale: τloss =
1

hKS − C ln 2
(chaotic internal dynamics, hKS > C ln 2)

(1)

Steady-state uncertainty: σ2θ ≥ Dθ

C ln 2
(di�usive internal dynamics) (2)

where C is the e�ective information capacity (bounded by the Landauer limit C ≤ P/(kT ln 2)),
and hKS or Dθ quantify internal unpredictability (chaotic and di�usive regimes, respectively).

Empirical prediction: The resulting causal ignorance suppresses quantum visibility as

VSK = exp

(
−
σ2θ
2

)
, (3)
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leading to regime-dependent temporal evolution and experimentally testable deviations from
ideal quantum predictions.

2.3 What This Is and Isn't

This is not:

� An attempt to reduce one framework to another

� A claim that one methodology supersedes the other

� A derivation of quantum mechanics from �rst principles

� A con�ation of distinct investigative domains

This is:

� A mathematical formalization of one speci�c empirical �nding from Vedanta (causal self-
ignorance)

� A constructive mechanism for superdeterminism with quantitative predictions

� A testable hypothesis about quantum measurement

� An exploration of how di�erent paths�using di�erent languages, symbols, and methods�
may be approaching the same truth from complementary directions

Physics (third-person empiricism), quantum mechanics (mathematical formalism for mea-
surement), string theory (geometric framework for uni�cation), and Vedanta (�rst-person empiri-
cism) all represent rigorous paths from ignorance to knowledge. Each uses the tools appropriate
to its domain of inquiry. The question this work addresses: When we formalize Vedantic insights
mathematically, do the predictions converge with or diverge from standard quantum mechanics?
The answer will tell us something about the relationship between these frameworks�whether
they describe the same reality from di�erent vantage points, or fundamentally di�erent realities
altogether.

2.4 A Note on Method

Science and Vedanta use di�erent epistemologies:
Scienti�c method: External observation, reproducible experiment, mathematical model-

ing, empirical falsi�ability. It studies objects and relationships between them.
Vedantic method: The Vedantic method is a rigorous, �rst-person empirical inquiry. It

begins with ±ravan. a, receiving the provisional understanding from the teaching (±ruti). This is
followed by manana, a deep contemplation and re�ection on the teaching, using rigorous logic
(tarka) to remove all intellectual doubts. The �nal and most crucial step is nidh	�dhy	asana,
the sustained contemplative practice whose purpose is to make what has been intellectually
understood a continuous, living reality (anubhava). This iterative process continues until the
provisional understanding stabilizes as direct, non-dual knowing.

This parallels the scienti�c method more closely than commonly recognized:

� Science: Hypothesis → physical experiment → observation → theory re�nement
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� Vedanta: Provisional understanding → contemplative practice → direct experience →
understanding re�nement

The crucial di�erence is domain and method, not rigor. Science investigates matter through
third-person measurement; Vedanta investigates consciousness through �rst-person inquiry. Both
employ:

� Testable claims (predictions about what will be experienced under speci�c conditions)

� Reproducible experiments (anyone following the method should obtain similar results)

� Progressive re�nement (understanding improves through iteration)

� Internal consistency checks (contradictions indicate error)

Vedanta represents a tradition of rigorous, �rst-person empirical inquiry, re�ned over thou-
sands of years. Its foundational truths are not derived from speculation, but are said to originate
from the direct, �rst-person experience of sages (r.s.is) who have realized the ultimate, non-dual
reality (jñ	ana). The role of the broader tradition has been to systematically structure, test, and
transmit these core insights. Each generation of practitioners then uses this framework not as a
dogma to be believed, but as a guide for their own contemplative investigation, seeking to verify
the sages' claims through their own direct practice and experience. The framework includes
sophisticated epistemology (pram	an. as�valid means of knowledge) and methods to demonstrate
internal consistency (tarka�logical analysis showing non-contradiction).

Where physical science accumulated knowledge through material manipulation, Vedanta
accumulated knowledge through consciousness investigation. Di�erent laboratories, same spirit:
careful observation, hypothesis testing, theory re�nement toward predictive accuracy.

These are complementary, not competing. Science investigates the structure of appearance
with rigor and precision. Vedanta investigates the nature of that which appears and that to
which it appears.

What follows is science�physics, mathematics, testable predictions.
The reader may judge the physics on its own merits. Whether the Vedantic inspiration adds

or detracts is a matter of perspective, but the author feels that contemplating the Vedantic
insights will provide further clarity about the proposed mechanism and its deeper meaning. The
framework works (if it works) because it starts from a correct insight about the structure of
self-ignorance.

3 Preview: What We Will Show

If we take seriously the idea that observers cannot trace the causal history of their measurement
choices, and formalize this using information theory, chaos theory, and thermodynamics, we
arrive at:

Conceptually:

� Quantum measurement is deterministic but appears random due to causal self-ignorance

� �Collapse� is epistemic update (you learn what you measured) not physical change

� Apparent randomness is ignorance (not knowing WHY you chose), not ontological inde-
terminacy
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� The framework is superdeterministic but provides constructive mechanism and testable
predictions

� Entanglement correlations arise from common past, not nonlocal in�uence

Structurally:

� Pilot-wave ontology derived from self-ignorance requirements, not assumed as interpreta-
tion

� Four requirements (de�nite outcomes, Born rule, epistemic randomness, no collapse postu-
late) naturally determine a minimal su�cient structure: guiding �eld |ψ⟩ + de�nite ontic
state ξ + measurement basis θ

� This derived ontology precisely matches Vedantic framework: sañcita (complete substrate:
|ψ⟩ + all hidden variables) ↔ pr	arabdha (what manifests: ξ, θ) ↔ 	agam	� (outcome feeding
back into future)

� Convergence: physics (from self-ignorance requirements) and metaphysics (from contem-
plative analysis) independently arrive at remarkably parallel ontological structure

� Three-fold karma provides technical vocabulary for understanding measurement as mani-
festation

Mathematically:

� Regime inequality: hKS ≷ C ln 2 separates capacity-wins (observer maintains tracking)
from chaos-wins (tracking fails)

� Capacity-wins: convergence timescale τfill ≲ 1 ms, then V ≈ 1 (negligible self-ignorance)�
this explains why quantum mechanics works so well: observers with intermediate
capacity (bounded but capable) naturally occupy the epistemic Goldilocks zone where QM
emerges

� Chaos-wins: loss timescale τloss ∼ 10�100 ms, measurable visibility suppression V/VQM ∼
0.9�0.99

� Steady-state bound (di�usive): σ2θ ≥ Dθ/(C ln 2)

� Visibility reduction: VSK = exp
(
−σ2θ/2

)
with regime-dependent time evolution

Empirically:

� Chaos-wins regime naturally realized in biological/cognitive observers (typical C ∼ 1�10
bits/s, hKS ∼ 30�80 nats/s, so hKS > C ln 2)

� Measurable predictions: 1�10% visibility reduction on 10�100 ms timescales

� Scale convergence: Two independent mechanisms create dualistic phenomenology at
identical scale (∼10�100 ms, m ∼ 10−15 kg):

� Epistemic (this work): Self-ignorance creates structure of dualistic appearance (phys-
ical ontology |ψ⟩, ξ, θ)
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� Ontological (Penrose OR): Gravitational self-energy creates classical observables

Convergence NOT from parameter �tting but from independent theoretical constraints;
experimentally distinguishable via power/temperature vs geometry/mass dependencies

� Testable signatures: power/temperature dependence, geometry independence, mass scaling

� Connection to Libet experiments (conscious awareness lags neural determination by 300�
500 ms)

Interpretively:

� Ontology derived from minimal requirements: taking as empirical given that observers
experience single de�nite outcomes (not felt superpositions), self-ignorance constraints
determine pilot-wave as the minimal su�cient single-world ontological structure

� Measurement problem dissolved: in derived ontology, collapse is naturally epistemic (no
additional postulate needed)

� Realism restored: systems have de�nite ontic state ξ, measurement basis θ deterministi-
cally evolved, randomness is ignorance not ontology

� Convergence demonstrated: physical derivation (Section 7.2) and Vedantic analysis (Sec-
tion 24) yield remarkably parallel ontological structure

� QM operationally complete as epistemology: optimal theory for observers who know |ψ⟩
but cannot know sañcita or predict pr	arabdha

� Compatibilist resolution: actions determined (pr	arabdha from sañcita) but unpredictable
(self-ignorance), creating 	agam	� for future

� Bridge between traditions: contemplative insights formalized as testable physics without
reduction

� Epistemic-ontological convergence: Self-ignorance creates the structure of dualistic
appearance (vy	avah	arika ontology), gravity creates classical phenomenology�both cre-
ative mechanisms operating at same mesoscopic scale (∼10�100 ms, m ∼ 10−15 kg), sug-
gesting fundamental unity in how perceived reality emerges

What follows makes these claims rigorous. Part II derives the ontological requirements
(Section 7.2 shows how self-ignorance, combined with the empirical fact of single-outcome expe-
rience, determines pilot-wave as minimal su�cient ontology), Part III formalizes the predictions,
Part IV connects to experiments, and Part VII explores deep parallels. The convergence be-
tween physical derivation and contemplative analysis�two independent paths arriving at the
same ontological structure�suggests we are approaching the same reality from complementary
directions.

Throughout, Vedantic concepts are referenced not as mere metaphor but as the empirical
structure we are formalizing. At each stage, the reader may engage at whatever level they
�nd comfortable�taking the metaphysics seriously as generative framework, or ignoring it and
judging the physics on its own terms. The remarkable result is that both approaches, pursued
rigorously, converge on the same ontology.
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Part II

The Physical Framework

4 Scope, Notation, and Non-Assumptions

What IOF is: a general observer-side framework that quanti�es limits of causal self-knowledge
for �nite-capacity dynamical observers. Its results constrain what correlations an observer can
stably represent and causally reconstruct when internal information production competes with
�nite tracking capacity.

What IOF is not: it is not a new micro-dynamics, not a collapse model, and not a
commitment to any single quantum interpretation.

Canonical dictionary

Throughout this paper we use:

� C (bits/s): raw physical information-processing bound (thermodynamic upper bound C ≤
P/(kT ln 2)).

� Ceff (bits/s): e�ective tracking capacity available to the basis-tracking task, with Ceff ≤ C.
� θ(t) (rad): internal basis/setting variable implemented by the observer/apparatus.
� λ (s−1): a Lyapunov exponent (often the maximal one) used in simpli�ed 1D discussions.
� hKS (nats/s): Kolmogorov�Sinai entropy rate; under Pesin-type conditions (smooth dy-
namics, ergodic measure, no zero exponents), hKS =

∑
λi>0 λi. This is the bridge between

abstract entropy rate and measurable Lyapunov exponents. It is the multi-dimensional
information-production rate relevant for tracking burden.

� κ = hKS − Ceff ln 2 (nats/s): information-de�cit rate (capacity-wins if κ < 0, chaos-wins if
κ > 0).

� σ2 (rad2): basis (or phase) uncertainty variance in the observer's internal representation.
� ξ: generic ontic state in a chosen no-collapse embedding (used for concreteness; not �xed
to �position� beables).

Minimal commitments

IOF requires only:

1. the observer is a physical system with �nite Ceff ,
2. there exists an internal basis (or basis-selection process) whose trackability matters for

correlations,
3. the relevant tracking burden can be summarized by an information-production rate (e.g.
hKS) and compared to Ceff .

What we do not assume

� No speci�c choice of beables (particle positions, �elds, etc.) is assumed.
� No de Broglie�Bohm guidance law is assumed.
� No Many-Worlds branching is required.
� No modi�cation of unitary evolution is introduced.
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Bell, global histories, and �superdeterminism�

Some embeddings of IOF use a deterministic global-history (block-universe / global-constraint)
picture to keep a strict no-collapse ontology. In such embeddings, it is possible for measure-
ment settings and ontic variables to be statistically dependent because they co-belong to one
constrained history. IOF itself does not rely on �ne-tuned conspiracies or on restricting which
settings can be chosen; its empirical content lives in capacity-controlled visibility and timing
signatures.

5 The Measurement Problem

5.1 Standard Formulations and Their Di�culties

Quantum mechanics has a measurement problem: before measurement, a particle exists in
superposition; after measurement, it has a de�nite state. What happens in between?

While a full taxonomy is beyond the scope of this introduction, prominent approaches to
this problem generally fall into several broad categories:

Collapse Theories: These propose that the Schrödinger evolution is physically interrupted
by a �collapse� of the wavefunction. This is the traditional approach, though the trigger for the
collapse remains mysterious.

The Many-Worlds Interpretation: This approach denies collapse entirely, proposing
instead that every possible outcome occurs, each in a separate, parallel branch of reality.

Hidden-Variable Theories: These posit that the wavefunction is incomplete and that
de�nite outcomes are determined by additional, �hidden� variables. IOF is compatible with
multiple no-collapse ontologies. For concreteness, we will often illustrate mechanisms using a
single-world hidden-variable (Bohm-like) embedding, while emphasizing that the observer-side
capacity predictions are interpretation-independent.

These foundational approaches all interact with the well-understood physical process of de-
coherence, which explains how a quantum system loses its coherence through interaction with
the environment, but decoherence alone does not solve the ultimate problem of why any single,
speci�c outcome is realized. Each of the primary interpretations faces its own set of profound
di�culties.

5.2 What's Missing from Current Approaches

These approaches share a common oversight: they treat the observer's choice of measurement
basis as externally given, almost God-like in its arbitrariness. The measurement direction�
whether we measure spin along the x-axis versus the z-axis�is treated as a free parameter, not
as a physical state subject to the same constraints as everything else.

But there's a simpler possibility that's been overlooked: the observer cannot know WHY they

chose a particular measurement basis.
This is precisely the physical realization of the Ved	antic insight: the ego cannot trace the

causal chain from past states (v	asan	as) to present choice.
The Free Will Paradox and Its Resolution
This raises an immediate question: If choices are determined by past tendencies (v	asan	as)

evolved through causal chains the ego cannot access, is free will illusory?
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Vedanta o�ers a nuanced answer that parallels modern compatibilism:
Apparent free will: The ego experiences genuine freedom of choice. You deliberate, weigh

options, decide�and you cannot predict what you will choose until you do. This phenomenology
is real and unavoidable.

Why it feels free: Not because choices are uncaused, but because the causal chain is
hidden. You cannot trace WHY your attention moves to this option rather than that one,
WHY this argument feels compelling while another doesn't, WHY you choose A over B. The
mechanism of choice is opaque to the chooser.

The deeper teaching: In Vedanta, the question �do I have free will?� dissolves upon
investigation. There is no separate �I� to have or lack freedom. The ego that seems to choose
is itself an appearance in consciousness, not an independent agent. When you inquire �who
chooses?�, the ego cannot be found�only the Self remains, which doesn't choose (it simply is).

Practical resolution: Actions �ow from your nature�accumulated tendencies shaped by
past experience. This is determinism. But you cannot know in advance what you will do,
because the causal process determining the choice is hidden from conscious awareness. This is
the experience of freedom. Both are true from di�erent perspectives.

This framework formalizes the apparent paradox: determinism (physics) + causal ignorance
(information theory) = experienced freedom (phenomenology). The observer cannot predict
their own measurement choice, so it feels like genuine freedom�yet it was determined all along
by internal state evolution they could never fully access.

6 Formalizing the Insight: Observers Are Physical Systems

6.1 Measurement Basis as Internal Physical State

When we describe quantum measurement, we typically imagine an external observer choosing a
measurement direction�say, measuring spin along the x-axis versus the z-axis.

But observers are physical systems. The �choice� of measurement basis must itself be a
physical state of the observer�encoded in the con�guration of atoms, neurons, or mechanical
degrees of freedom that orient the measuring apparatus.

A Note on the Term �Observer� : In this framework, the term �observer� is used in
its most general physical sense to denote any bounded physical system whose internal state
determines the parameters of a measurement interaction. This applies equally to a human brain,
a silicon photodetector, a Geiger counter's trigger circuit, or a complex molecule interacting
with its environment. The only requirement is that the system be a physical entity subject
to thermodynamic and information-theoretic constraints�possessing �nite power budget P ,
operating at temperature T , and having internal dynamics (chaotic or di�usive) that produce
the measurement basis. The mathematical formalism that follows is universal to all such systems.

Here's the crucial step: If the measurement basis is determined by the observer's internal
physical state, and if that internal state evolves according to deterministic (but complex) dy-
namics, then the observer faces a fundamental problem: they cannot trace WHY their internal
state evolved to produce this particular measurement choice.

Why not? Not because of quantum uncertainty in the observer themselves (we can treat the
observer classically). But because of something more basic: the causal chain from past states to
present choice is hidden from conscious awareness due to information-theoretic limits.

This is the physical realization of avidy	a.
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Consider how avidy	a operates here: �seeing the real as unreal, and the unreal as real.�
The REAL�the deterministic causal chain from universal initial conditions through v	asan	as

to this measurement choice�is taken as UNREAL. It cannot be grasped, remains hidden, feels
�eeting and inaccessible. The observer cannot hold or trace this true determinant of their action.

The UNREAL�the ego's sense of �I chose this measurement direction�, the physical appara-
tus, the speci�c value of θ�is taken as REAL. This appears solid, present, genuinely happening.
The observer believes this measurement choice is truly theirs, freely made.

The measurement basis θ feels like �my choice� (unreal taken as real), while the causal
substrate determining θ cannot be grasped (real taken as unreal).

The deeper relationship between this physical de�nition and the nature of consciousness is
explored in Part VII.

6.2 Why Self-Knowledge Must Be Limited

For an observer to know their internal state θ (say, the angle determining their measurement
axis), they must:

1. Have internal sensors monitoring θ

2. Process signals from those sensors

3. Update their estimate θ̂ based on available information

Notation for tracking error: Throughout this framework we distinguish:

� θ: The physical basis actually implemented by the apparatus
� θ̂: The observer's internal estimate of that basis
� δθ = θ − θ̂: The tracking error

The observer records outcomes as if the measurement occurred in basis θ̂ (the intended/believed
value), but the actual measurement occurs in basis θ = θ̂ + δθ. This mismatch�quanti�ed by
the variance σ2θ = ⟨δθ2⟩�is the source of visibility loss in the framework.

This internal monitoring is itself a physical process with:

� Finite bandwidth (limited signal transmission rate)

� Thermodynamic cost (Landauer's principle: a measurement/control cycle that resets mem-
ory by b bits dissipates at least bkT ln 2 in heat)

� Finite power budget for self-monitoring

These are the physical manifestations of 	avaran. a-±akti (veiling power): The observer cannot
access complete information about their own state. The whole is veiled.

6.3 The Information Constraint

These constraints bound a maximum raw information rate C. The basis-tracking task has access
to an e�ective capacity Ceff ≤ C, depending on allocation, �ltering, and architecture.
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The thermodynamic limit is particularly fundamental:

C ≤ P

kT ln 2
(4)

where P is the power budget available for self-monitoring, k is Boltzmann's constant, T is
temperature, and ln 2 appears because one bit corresponds to an entropy change k ln 2 (natural-
log units).

This isn't negotiable�it's a consequence of the second law of thermodynamics applied to
information processing. Throughout, we use Ceff for the task-available e�ective capacity.

6.4 The Predictability Problem

But there's a second issue: how predictable is θ in the �rst place?
If the observer's internal dynamics are chaotic (like a kicked pendulum or turbulent neural

activity), then θ evolves unpredictably. Even with perfect initial knowledge, trajectories diverge
exponentially. The rate of divergence is captured by the Lyapunov exponent λ; for multi-
dimensional systems, the relevant quantity is the Kolmogorov�Sinai entropy rate hKS (under
standard conditions, hKS ≈

∑
λi>0 λi per Pesin). We de�ne the chaos rate αch ≡ hKS (nats/s).

Alternatively, if the internal dynamics are noisy (thermal �uctuations, quantum noise ampli-
�ed to macroscopic scale), then θ undergoes random drift characterized by a di�usion coe�cient
Dθ.

The combination is deadly: You need an e�ective tracking rate Ceff to track a variable
whose internal dynamics produce unpredictability at some rate (e.g. λ in 1D, or hKS in higher-
dimensional chaotic settings). If Ceff ln 2 is too small relative to the relevant information-
production rate (e.g. hKS), tracking falls behind and the estimate θ̂ becomes increasingly un-
certain relative to the true θ. From your epistemic perspective, the true θ now appears as a
probability distribution p(θ) spread over multiple possible values. Since each possible value of
θ would yield a di�erent measurement outcome, the single hidden reality (one true θ) manifests
to you as multiple apparent possibilities.

This is viks.epa-±akti (projecting power) in action: The veiled state projects multiple possible
outcomes.

6.5 The Libet Connection

The mathematical framework already predicted this ignorance: Limited e�ective capac-
ity Ceff (with raw bound C set by thermodynamics) combined with chaotic or di�usive internal
dynamics produces uncertainty σ2θ about the measurement basis. You cannot fully track the
state that determines your next measurement choice.

This isn't abstract. Benjamin Libet's experiments in the 1980s provide empirical con�rma-
tion from conscious experience. They showed that neural activity associated with a �voluntary�
action begins 300�500 milliseconds before conscious awareness of the decision�direct evidence
of a lag between internal state evolution and conscious access to that state.

The key insight: conscious awareness arrives AFTER the neural state has already determined
the action. You cannot trace WHY your system evolved to produce this particular �choice.� By
the time you know WHAT you chose, the WHY is inaccessible.

The mathematical prediction (limited C ⇒ σ2θ > 0) and phenomenological observation (Li-
bet lag) are parallel evidence from di�erent perspectives: information theory and �rst-person
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experience, both pointing to the same fundamental structure�causal ignorance about your own
internal state evolution.

For detailed empirical analysis, including important caveats about circularity and recent
critiques, see Section 13.1.

7 How This Explains Collapse

7.1 The Measurement Challenge

Standard quantum mechanics presents an apparent puzzle. Before measurement, a spin-1/2
particle is described by:

|ψ⟩ = α| ↑⟩+ β| ↓⟩ (5)

which seems to represent an ontological superposition�neither up nor down until measured.
Upon measurement, we observe a de�nite outcome: either ↑ or ↓, not both. In Copenhagen
interpretation, the wavefunction �collapses� to match this outcome, but what causes this collapse
remains mysterious.

Our framework claims apparent randomness arises from self-ignorance: the observer cannot
predict their own measurement choice θ due to limited e�ective capacity Ceff and chaotic/di�usive
internal dynamics. But this raises a critical question:

What ontology makes this work?
If outcomes are deterministic but appear random due to self-ignorance about θ, what must

actually exist in physical reality to make this work? We will derive the ontological structure
systematically from a series of requirements.

7.2 Requirements Any Self-Ignorance Ontology Must Satisfy

Our central hypothesis is that apparent quantum randomness is an epistemic e�ect of observer
self-ignorance. This is a radical claim, and for it to be viable, the underlying ontology of the
universe must have a very speci�c structure. In this section, we will not assume an interpretation.
Instead, we will deduce the minimal necessary structure of reality, step-by-step, from our central
hypothesis combined with empirical constraints.

The logical progression is as follows: We will start with our central hypothesis and add a series
of requirements that any consistent theory must satisfy. We will show how each requirement
acts as a constraint that rules out certain possibilities. We will then identify which ontological
structures satisfy all constraints, and apply parsimony to select among them.

To explain apparent collapse via self-ignorance, the ontology must satisfy four requirements.
These divide into two categories: empirical constraints any theory must satisfy (Requirements
1�2), and logical consequences of the self-ignorance hypothesis (Requirements 3�4). The �rst
requirement acknowledges our empirical starting point:

Requirement 1: De�nite experienced outcomes
Empirically, observers report single outcomes per run. Any embedding must account for

this phenomenology (either via single-world de�niteness, or via branch-relative de�niteness in
Everett-like approaches).

Implication: The embedding must explain why observers experience de�nite outcomes�
whether through a hidden variable that is always de�nite, or through branch-relative records.

Requirement 2: Born rule statistics
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Any embedding must reproduce Born weights |α|2 and |β|2. In Bohm-like theories this is
implemented via equivariance/quantum equilibrium; in Everett-like theories it is implemented
via branch-weight structure. IOF itself does not depend on which route is chosen.

Implication: The embedding must provide a mechanism for Born-rule probabilities�whether
through guidance by |ψ⟩ (pilot-wave) or through branch measure (many-worlds).

Requirement 3: Apparent randomness from epistemic ignorance
Outcomes appear random because the observer cannot predict:

� The hidden variable (would require measurement, disturbing it)

� Their own measurement basis θ (self-ignorance: limited C, chaotic/di�usive dynamics)

For self-ignorance about θ to produce apparent randomness, the outcome must depend on
θ. And since θ evolves from past internal states, the hidden variable and θ must be correlated
through common causal history.

Implication: Hidden variable and observer state share causal ancestry (violating measure-
ment independence).

Requirement 4: No additional collapse postulate
If self-ignorance explains apparent collapse, we shouldn't need to add a collapse mechanism.

Unitary evolution + ignorance should su�ce.
Implication: |ψ⟩ evolves unitarily (no collapse), while de�nite outcomes arise from the hidden

variable being in one branch rather than another.

7.3 Ontological Structures Satisfying These Requirements

What ontological structures can satisfy all four requirements? The constraints are quite restric-
tive. From Requirements 1 and 4, the embedding must reconcile de�nite experienced outcomes
with unitary evolution. Di�erent approaches accomplish this in di�erent ways (e.g. branch-
relative de�niteness in Everett-like theories, or single-world de�niteness in hidden-variable the-
ories). From Requirement 2, the probability structure must match QM. From Requirement 3,
apparent randomness must arise from epistemic ignorance.

Two candidate ontologies emerge:
Candidate 1: Pilot-Wave Mechanics
The wavefunction |ψ⟩ evolves unitarily and guides a de�nite ontic state ξ (con�guration for

position, or general hidden variable). The measurement outcome is determined by the correlation
between ξ and the observer's measurement basis θ(t):

outcome = f(ξ, θ) (6)

(This is a schematic e�ective map illustrating contextual dependence on θ; the full pilot-wave
account implements outcomes via the measurement interaction dynamics.) All three�|ψ⟩, ξ, and
θ�exist simultaneously and evolve deterministically, with ξ and θ correlated through common
causal history (violating measurement independence).

This structure satis�es all requirements:

� Req 1: ξ is always de�nite

� Req 2: Guidance equation reproduces Born rule statistics (under quantum equilibrium
ρ = |ψ|2)
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� Req 3: Ignorance of both ξ and θ produces apparent randomness

� Req 4: No collapse needed; |ψ⟩ evolves unitarily

Candidate 2: Many-Worlds
The wavefunction |ψ⟩ evolves unitarily and all branches coexist. Each branch contains an

observer experiencing a de�nite outcome. The self-ignorance framework would explain why
observers cannot predict which branch they will �nd themselves experiencing.

This structure can also satisfy the requirements:

� Req 1: Each branch contains de�nite outcomes

� Req 2: Branch weights match Born rule

� Req 3: Ignorance explains unpredictability of branch experience

� Req 4: No collapse; pure unitary evolution

However, many-worlds requires additional structure to address the preferred basis problem
and measure problem, and posits in�nite unobservable branches.

7.4 Parsimony: Single-World Ontology

Both candidates can accommodate the self-ignorance framework and satisfy our requirements.
How do we choose?

We apply Occam's razor: prefer the minimal ontology consistent with phenomenology and
empirical constraints. The phenomenological fact is that observers experience single de�nite
outcomes�not branch multiplicity. While many-worlds can accommodate this through branch-
ing, it requires:

� In�nite unobservable branches (ontological extravagance)

� Additional structure to solve the preferred basis problem

� Additional structure to solve the measure problem

Pilot-wave mechanics achieves the same empirical predictions with a single-world ontology.
Both require accepting non-locality (Bell violations), but pilot-wave achieves this without branch
multiplication.

Working choice for exposition: For concreteness, we will illustrate mechanisms in a
single-world Bohm-like (pilot-wave) embedding. This is a modeling choice for clarity; the
observer-side capacity bounds and visibility/timing predictions do not require committing to
a unique micro-ontology.

Note on category errors: From a deeper perspective, the question �one world or many
worlds?� may itself be a category error�asking the unlimited to �t into numerical categories.
Part VII (�One World or Many? A Category Error from P	aram	arthika Perspective�) explores
how Advaita Vedanta provides a meta-framework for understanding why such interpretational
debates arise and what limits they respect.
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7.5 The Minimal Ontological Structure

Having selected pilot-wave ontology on parsimony grounds, we can now specify the complete
ontological structure. What must exist:

1. Guiding �eld |ψ⟩: A real physical �eld evolving via the Schrödinger equation (always
unitary, never collapses). This �eld structures possibilities�it determines the probability
current that guides the hidden variable. (Satis�es requirements 2 and 4)

2. De�nite ontic state ξ: The system has a de�nite state at every moment�con�guration
for position; for spin-1/2 we use a Bloch-vector toy surrogate to visualize contextual de-
pendence (the full pilot-wave account realizes outcomes via the measurement interaction
dynamics). We denote this ξ (avoiding λ, which denotes the Lyapunov exponent). This
ontic state evolves deterministically, guided by |ψ⟩ according to the probability current. It
speci�es which outcome actually occurs. (Satis�es requirement 1)

3. Measurement basis θ(t): The observer's internal state deterministically evolves to im-
plement measurement along direction n(θ). This is not a �free choice� but a physical
process arising from internal dynamics (neurons, apparatus con�guration). The observer
cannot predict θ due to self-ignorance (limited C, chaos/di�usion). (Enables requirement
3)

All three�|ψ⟩, ξ, and θ�exist simultaneously and evolve deterministically. Crucially, ξ
and θ are correlated through common past: initial conditions determine both in ways that
violate measurement independence. (Satis�es requirement 3)

The measurement outcome is then:

outcome = f(ξ, θ) (7)

(For a spin-1/2 toy model, this reduces to sgn(r · n(θ)) where r is the Bloch vector.) This is a
de�nite physical fact, predetermined by the correlated evolution of ξ and θ from their common
causal history, but unpredictable due to observer's ignorance of both.

Recognition: This is precisely pilot-wave mechanics (de Broglie-Bohm theory). We did not
assume this interpretation a priori. Instead, we showed that our requirements allow two candi-
date ontologies (pilot-wave and many-worlds), then selected pilot-wave on parsimony grounds
as the minimal single-world structure.

Ontological Generality: The observer-side IOF results do not depend on a speci�c guid-
ance law. They can be embedded in any no-collapse hidden-variable framework that supplies an
equivariant distribution over ontic states. A Bohm-like continuity/equivariance structure is the
canonical example:

1. Continuity: ∂ρ/∂t+∇ · (ρv) = 0

2. Equivariance: ρ = |ψ|2

Throughout, ξ denotes the general ontic state; for concrete spin-1/2 visualization we use a Bloch-
vector surrogate r (with the caveat that the full pilot-wave account realizes spin outcomes via
measurement interaction, not a separate spin beable). The predictions remain unchanged across
di�erent realizations.
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Connection to Section 24: This ontological structure�guiding �eld |ψ⟩ plus de�nite con-
�guration (ξ, θ) correlated through common past�will be shown in Section 24 to precisely match
Vedantic analysis: sañcita (complete substrate including |ψ⟩ and all hidden variables), pr	arabdha
(what manifests now: ξ and θ), and the mechanism of apparent multiplicity from incomplete
self-knowledge (avidy	a). The convergence between physical derivation and contemplative insight
suggests we are approaching the same reality from complementary directions.

7.6 The Collapse Event: Update, Not Physical Change

In the ontology we derived, �collapse� emerges naturally as epistemic update without any
physical discontinuity. Recall the standard puzzle: Copenhagen quantum mechanics interprets
|ψ⟩ = α| ↑⟩ + β| ↓⟩ as an ontological superposition, requiring a mysterious collapse when mea-
sured. But we showed this structure was required by self-ignorance: a guiding �eld |ψ⟩ plus
de�nite ontic state ξ.

The resolution: There is no physical collapse because there was never an ontological su-
perposition of con�gurations. The guiding �eld |ψ⟩ exists in superposition (that's a real physical
fact), but the ontic state ξ was always de�nite. The superposition is in the �eld that guides possi-
bilities, not in what actually exists. This isn't a choice of interpretation�it's what self-ignorance
requires (Requirement 4: no additional collapse postulate).

When you measure, you learn which de�nite ontic state ξ was always there. The measurement
outcome f(ξ, θ) reveals a fact that was predetermined by initial conditions�speci�cally, by the
correlated evolution of ξ and θ from their common past.

What �collapses� : Only the observer's epistemic state�their uncertainty about both:

1. The ontic state ξ (learned through outcome)

2. Their own measurement choice θ (by becoming consciously aware of WHAT they measured,
though WHY remains hidden)

Before: �I will measure along some direction θ (uncertain which), and the system has ontic
state ξ (unknown to me). The outcome is already determined but I cannot predict it.�

After : �I measured along direction θ (now aware) and got outcome ↑ (revealing ξ was in the
corresponding region of state space). I still cannot trace WHY θ evolved to this value.�

Physical evolution: During measurement, |ψ⟩ evolves unitarily (Schrödinger equation),
creating entanglement between particle and apparatus. The ontic state ξ follows a de�nite tra-
jectory guided by |ψ⟩. The macroscopic pointer state becomes correlated with f(ξ, θ). Nothing
collapses�both |ψ⟩ and ξ evolve continuously per their dynamics.

The Vedantic perspective: What manifests in measurement is pr	arabdha�the speci�c
fruit that ripens from the in�nite causal web. It cannot be predicted due to self-ignorance
(avidy	a), yet it was never undetermined. The outcome was shaped by correlations extending
back through beginningless time, inaccessible to �nite observation. (See Section 24 for deeper
exploration of this parallel.)

7.7 Why It Feels Random

The outcome f(ξ, θ) is deterministic�but the observer faces fundamental epistemic barriers to
predicting it:
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1. Cannot know ξ: Determining the system's hidden ontic state requires measurement,
which disturbs it. The observer cannot �peek� at ξ without changing the system.

2. Cannot predict θ: Self-ignorance (limited C, chaotic/di�usive internal dynamics) pre-
vents the observer from predicting their own measurement choice.

Because of this double ignorance, the outcome appears genuinely random from the ob-
server's perspective. This is epistemic randomness arising from fundamental limitations on
self-knowledge, not ontological indeterminacy in nature.

The analogy: A coin �ip appears random to someone who can't track the exact initial
conditions and air currents, even though the physics is deterministic. Here, we identify why

such tracking fails for observers measuring quantum systems.
There are two levels of self-ignorance at play:
Causal ignorance (fundamental): You cannot trace the causal chain from past states

that led to this particular measurement choice. Even after measurement, you know WHAT you
measured but not WHY you chose that direction.

Value uncertainty (mathematical): Because θ(t) continuously evolves, and you track it
with �nite bandwidth C, you have uncertainty σθ about the current value. By the time you
become aware of θ, it has already changed.

These are not separate phenomena�the second follows from the �rst when internal dynamics
are chaotic or di�usive.

Key distinction: Value uncertainty (ψ-epistemic) concerns Pr(outcome | θ); our causal
ignorance concerns Pr(θ | data). Only the latter appears in VSK.

7.8 Visibility Reduction

The quantum visibility�the contrast between spin-up and spin-down outcomes�is reduced by
a factor:

V = exp

(
−
σ2θ
2

)
(8)

The larger the observer's uncertainty about the current basis angle (larger σθ, a consequence
of deeper causal opacity), the more �washed out� the quantum signal becomes.

Connection to framework: This visibility reduction follows naturally from the ontology
we derived. In the pilot-wave structure required by self-ignorance (Section 7.2), the observer
tracks their measurement basis θ(t) with �nite e�ective capacity Ceff (with raw bound C set by
thermodynamics). For chaotic dynamics, tracking behavior is governed by the regimes hKS ≷
Ceff ln 2 with timescales τfill (capacity-wins) or τloss (chaos-wins), as derived in Part III. This
fundamental epistemic limitation�not being able to fully track the state determining your own
measurement�directly suppresses the visibility of quantum interference.

Crucially, this mechanism is physically distinct from standard environmental decoherence.
As will be demonstrated in our proposed experimental tests (Section 15), this e�ect has a unique
and often opposite dependence on parameters like temperature and power, con�rming its origin
is internal to the observer, not in the external environment. This is causal self-ignorance�the
inability to trace WHY attention moved this way�making quantum interference patterns less
visible.

Note on ontological status: This derived ontology�guiding �eld |ψ⟩ plus de�nite on-
tic state ξ�is �real� in the sense that it provides the minimal su�cient structure to explain
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observations at the physical/empirical level. But even this deterministic substrate remains
within the domain of appearance, describable in mathematical and physical terms. We adopt
pilot-wave realism as the appropriate ontology for the empirical domain (what Vedanta calls
vy	avah	arika satya�empirical reality), while recognizing that Part VII will explore how this en-
tire framework�including |ψ⟩, observers, and spacetime itself�is ultimately appearance within
consciousness (p	aram	arthika satya�absolute reality). These levels are complementary, not con-
tradictory: physics rigorously describes the structure of appearance; Vedanta addresses the
nature of what appears.

8 Entanglement Without Spooky Action

8.1 The Alice-Bob Scenario

Consider the standard EPR scenario: Alice and Bob share an entangled pair, separated by
light-years. Alice measures her particle and instantly �knows� what Bob will �nd.

The conventional mystery: How did Alice's particle �tell� Bob's particle what to do, faster
than light could travel between them?

8.2 Common Past Explanation

Our resolution (in the derived ontology): In the pilot-wave structure we derived from self-
ignorance requirements (Section 7.2), both particles (ontic states ξA, ξB) and both observers
(measurement bases θA, θB) evolved from a common initial state�what Vedanta calls sañcita,
the total causal substrate. When we trace backwards:

� Bob's �choice� of measurement angle is determined by his internal state sBob

� That state has a complete causal history stretching back to the preparation event

� Alice's measurement and the particle states share that same causal history

� The correlations were encoded in the common past through deterministic evolution

In deterministic global-history embeddings, measurement settings and ontic variables need
not be statistically independent (measurement dependence). This is sometimes grouped under
�superdeterminism,� but IOF's empirical content is not a conspiratorial �ne-tuning claim; it is the
capacity-controlled visibility/timing signature. In the ontology we derived from self-ignorance
requirements (Section 7.2), measurement settings θ and ontic states ξ must be correlated through
common past because both are physical variables evolved from shared initial conditions (sañcita).
The framework achieves this without �ne-tuning�generic deterministic evolution from shared
initial conditions automatically produces correlations, just as planets orbiting in the same plane
don't require �conspiracy� but simply re�ect their common formation history.

What's novel: This framework moves beyond generic and untestable claims of superde-
terminism by introducing a concrete, quantitative mechanism that yields falsi�able predictions.
These predictions distinguish it from both standard quantum mechanics and other foundational
models.

The core result is that for any physical observers A and B with �nite information capacities
CA and CB (thermodynamically bounded), their unavoidable causal self-ignorance about their
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own measurement bases introduces a quanti�able angular uncertainty σ2θ . This uncertainty does
not alter the underlying quantum correlations; it appears as an additional, e�ectively classical
noise that reduces the observed entanglement visibility:

Vmeasured = VQM · exp

(
−
σ2θ,A + σ2θ,B

2

)
(9)

In the limit of perfect self-knowledge (C → ∞, thus σ2θ → 0), the framework recovers
the exact quantum-mechanical correlations. For any real observer with �nite C, however, it
predicts a systematic attenuation of measured entanglement relative to the quantum ideal. The
magnitude of this deviation is not �xed but a controllable variable, depending predictably on
the observers' available power budgets and operating temperatures, as detailed in Section 15.

There's no spooky action at a distance because the correlations were established in the
common past. The mystery dissolves when we recognize that measurement settings are not
independent of the physical causal chain but are themselves physical variables evolved from
shared initial conditions. (Part VII develops the deeper Vedantic perspective: entanglement as
the mathematical signature of unity appearing as multiplicity.)

No-signaling preserved: The embedding is chosen to reproduce the quantum no-signaling
marginals at the operational level; IOF adds a controllable attenuation of correlation visibility
without introducing superluminal signaling. Individual outcomes appear locally random (epis-
temic unpredictability from self-ignorance) even though the joint distribution encodes correla-
tions. The visibility attenuation from basis uncertainty is symmetric and a�ects only two-party
correlations, leaving one-party marginals exactly �at.

8.3 Addressing the �Conspiracy� Objection

Physicists object: �Correlating measurement settings with particle states requires �ne-tuning�
conspiracy!� But in a deterministic Block Universe, the 4D history is a single solution to a
boundary-value problem. Correlations arise through Global Constraint, not �ne-tuning.

The Sudoku Analogy: Consider a completed Sudoku puzzle. The value in cell (1,1) is
correlated with cell (9,9)�not because one caused the other, but because the global solution
demands consistency. There is no communication, no tuning, no conspiracy. The correlation
is structural. Similarly, measurement settings and particle states correlate because the global
history is a single consistent solution. (See Section 17 for extended discussion of the Global
Constraint framework.)

Remark (global constraint). A useful way to visualize Bell correlations compatibly with
relativity is to treat the full Alice�Bob arrangement as one globally consistent spacetime history,
rather than as a dynamical in�uence propagating between spacelike-separated events. Crucially,
quantum measurement does not permit direct readout of an underlying ontic state; only contex-
tual tests are operationally available. This epistemic restriction blocks paradoxes while preserv-
ing no-signalling. In IOF terms, correlations arise through common past/global constraint and
are implemented by a contextual map outcome = f(ξ, θ), where θ is a physical setting variable
and the observer lacks complete access to both ξ and the causal provenance of θ.

The objection implicitly assumes measurement settings are independent of the physical causal
chain (libertarian free will), contradicting materialism. Spatial separation does not imply causal
independence: Alice and Bob, though light-years apart, evolved from a common past that
encoded the correlations we observe.
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Non-dual perspective: From Vedanta's standpoint, the �conspiracy� objection reveals a
deeper confusion�treating spatially separated observers as fundamentally independent entities
requiring coordination. But in non-dual reality, apparent separation in space and time is itself
part of the appearance (m	ay	a). What we call �correlations� are simply the mathematical sig-
nature of underlying unity when viewed through the lens of apparent separation. There is One
appearing as many; the �many� share correlations not through conspiracy but because they were
never truly separate. (See Section 24 for detailed exploration.)

The deeper question: From the deepest Vedantic perspective, these correlations may
point beyond merely common causal history in spacetime. They may be the mathematical
signature of how One consciousness appears as many observers�much as dream characters
share perfect correlations not through coordination but because they are projections of a single
dreamer. If the waking state is not merely like a dream but is a dream (as Ramana Maharshi
taught), then �spooky action at a distance� was never the puzzle�the puzzle was always how
we mistook appearance for reality. Section 25.2 explores this radical reinterpretation: physics
as the mathematics of consciousness's self-appearance.

Section 12 provides the detailed mathematical treatment of measurement independence vi-
olation and constructive models reproducing quantum correlations.
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Part III

The Mathematical Formalism

9 Minimal Dynamical Setup

9.1 System Components

We model quantum measurement without ontic collapse or intrinsic randomness. The measure-
ment basis is a genuine dynamical degree of freedom inside the observer, governed by determin-
istic but information-opaque internal dynamics.

Particle P : Two-level system with Bloch vector r(t) evolving under Hamiltonian HP .
Guiding �eld: Universal wavefunction |ψ⟩(t) evolves unitarily (Schrödinger equation),

never collapses. This guides the evolution of r(t) (pilot-wave structure, derived in Section 7.2
from self-ignorance requirements).

Observer O: Possesses:

� Hidden internal state x(t) ∈ RN

� Orientation variable θ(t) ∈ [0, 2π) determining measurement axis n(θ) = (cos θ, sin θ, 0)

9.2 Internal Dynamics

Deterministic evolution:

dθ

dt
= fθ(θ,x) (10)

dx

dt
= f(θ,x) (11)

Chosen so θ-dynamics is chaotic or strongly mixing. Example�embedded kicked rotor:

HO =
I

2

(
dθ

dt

)2

+K cos θ
∑
n

δ(t− nT ) +Hbath(x) (12)

This makes θ(t) deterministic but predictively fragile.
Key point: The measurement basis θ is not a free choice but a physical dynamical variable

of O.

9.3 Measurement Coupling

Impulsive von Neumann interaction at t = tm:

Hint(t) = gδ(t− tm) (σ · n(θ(tm)))⊗ p̂X (13)

correlating particle spin along θ(tm) with pointer position X.
Key point: The measurement basis is determined by the physical state θ(tm), whose causal

history the observer cannot trace.
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9.4 The Basis as Dynamical Variable

This setup makes measurement basis genuinely dynamical:

� θ evolves according to internal observer physics

� Observer's meta-system can monitor θ only through �nite-capacity channel

� Measurement outcome depends on θ(tm), but observer cannot trace WHY θ evolved to
this value

� Apparent randomness emerges from causal ignorance, not ontological indeterminacy

10 Information-Theoretic Foundations

Conventions:

� Logarithms are natural (ln) unless explicitly written as log2.

� Information rates C are expressed in bits/s.

� Lyapunov exponents λ are expressed in nats/s (natural units).

� When combining C and λ, we convert using the relation: 1 bit = ln 2 nats.

� Chaos rate αch in bits/s relates to λ via: αch = λ/ ln 2.

Framework Assumptions:

1. Gaussian angle uncertainty: Visibility formula V = exp
(
−σ2θ/2

)
assumes

small-noise or central-limit regime; validity σθ ≲ 1 rad.

2. Thermodynamic capacity bound: C ≤ P/(kT ln 2) is an upper limit ap-
proached by optimized systems; practical capacity may be lower.

3. Rate-distortion framework: The convergence-time (τfill) expression assumes
C ln 2 > λ (capacity-wins). For λ > C ln 2 (chaos-wins), we use a �nite-horizon
tolerance time ttol de�ned by a tolerance criterion.

4. Deterministic common past: Measurement settings and particle states share
causal history from low-entropy initial conditions (no libertarian free will); cor-
relations arise generically, not through �ne-tuning.

10.1 The Data-Rate Theorem

The stability condition C ln 2 > λ that appears throughout this framework is not an ad-hoc
postulate but a direct application of established results in control theory. The Data-Rate
Theorem [1, 2] proves that:

A linear system with unstable eigenvalue λ cannot be stabilized over a communication

channel with capacity C < λ/ ln 2.
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We apply this theorem to the observer's internal tracking of the measurement basis. The
observer's meta-system attempts to maintain knowledge of θ(t) through a �nite-capacity internal
channel. When the basis dynamics are chaotic with Lyapunov exponent λ, the Data-Rate
Theorem guarantees that tracking is impossible if C < λ/ ln 2.

This provides rigorous mathematical foundation for the two regimes:

� Capacity-wins (C ln 2 > λ): Tracking possible; self-ignorance bounded; visibility ap-
proaches quantum ideal

� Chaos-wins (λ > C ln 2): Asymptotically stable tracking impossible (though tolerance
tracking may hold for t < ttol); basis becomes epistemically inaccessible; visibility degraded

The framework thus inherits the mathematical rigor of control theory. The predictions that
follow are not speculative physics but consequences of information-theoretic theorems applied
to measurement.

10.2 Finite-Capacity Channel

Observer's meta-system receives signals St about θ(t) through channel with capacity C (bits/s),
constrained by:

Internal bandwidth:
C ≤ Cinternal (14)

Thermodynamic limit (Landauer): Information acquisition of b bits costs ≥ bkT ln 2.
With power budget Pmeta:

CLandauer =
Pmeta
kT ln 2

(15)

E�ciency factor: Real systems operate far above the Landauer �oor. We write:

Ce� = η × P

kT ln 2
, 0 < η ≪ 1 (16)

where the e�ciency factor η absorbs:

� Architecture limitations (bus widths, clock domains, readout latency)
� Non-reversible computation overhead
� Thermodynamic ine�ciency (current cryo-CMOS: ∼7 orders above Landauer, i.e., η ∼
10−7)

The Landauer bound provides a theoretical minimum, not the operational capacity. Ce� is
architecture-limited and empirically inferred. The experimental discriminator tests ∂τ/∂Ce�,
independent of whether Landauer is saturated.

E�ective capacity:
C := min(Cinternal, Ce�) (17)

We use Ceff ≡ C interchangeably to emphasize that this is the operational/measured capacity.
Fundamental vs engineering limits: The e�ective capacity C distinguishes fundamental

thermodynamic constraints from engineering design choices. For biological observers (neural
circuits), thermodynamic-scaled limits typically dominate; for engineered laboratory systems,
design bandwidth may be the bottleneck. This distinction clari�es when predictions re�ect
fundamental physics versus improvable engineering.
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10.3 Two Dynamical Regimes

Observer self-knowledge is limited di�erently depending on internal dynamics:
Chaotic regime: Small errors in θ grow exponentially as δθ(t) ∼ δθ(0) eλt

Di�usive regime: θ undergoes noisy drift dθ = ω dt+
√
2Dθ dW (t)

These require distinct rate-distortion analyses and produce di�erent experimental signatures.
Tracking vs Prediction: The analysis that follows addresses a fundamentally di�erent

problem than classical chaos or di�usion predictions. We are not asking: �Given imperfect
knowledge of θ(t0), what is the uncertainty at θ(t)?� (forward prediction without observation).
Instead, we ask: �Given continuous observation of θ(t) through a �nite-capacity channel C, what
is the observer's residual uncertainty about the current value θ(t)?� This is a state estimation or
tracking problem. In chaotic systems, when C ln 2 > λ (capacity-wins), the observer converges
to target precision in time τfill = λTkick/(C ln 2 − λ); after this convergence period, tracking is
maintained with visibility approaching the quantum ideal. At the critical threshold C ln 2 = λ,
the timescale diverges (τfill → ∞), and for λ > C ln 2 (chaos-wins) asymptotically stable tracking
is impossible�error grows without bound�though tracking may remain within tolerance for
a �nite horizon t < ttol. In di�usive systems, continuous observation reaches a steady-state
tracking error where uncertainty injection (at rate Dθ) balances information extraction (at rate
C), yielding time-independent variance σ2θ ≳ Dθ/(C ln 2). The rate-distortion framework that
follows is the natural mathematical tool for this tracking problem.

10.4 Rate-Distortion Theory

Rate-distortion theory quanti�es the minimum information rate R needed to track a signal with
distortion D. Setting R(D) = C (available capacity) determines achievable tracking accuracy,
yielding the variance bounds presented below.

10.5 Predictability Parameters (αch, Dθ)

Chaotic regime:

αch =
λ

ln 2
[bits/s] (18)

where λ is the Lyapunov exponent measured per second.
For the kicked-rotor/standard-map controller (equations of motion: pn+1 = pn +K sin(θn),

θn+1 = θn + pn+1), the Lyapunov exponent in the strongly chaotic regime (K ≳ 4) is λkick ≈
ln(K/2) per kick. With kick period T , the per-second Lyapunov rate is:

λ =
λkick
T

=
ln(K/2)

T
[nats/s] (19)

hence:

αch =
λ

ln 2
=

ln(K/2)

T · ln 2
[bits/s] (20)

Physical meaning: Rate at which internal chaos produces unpredictability. This can arise
from diverse physical sources: chaotic dynamics in neural networks, thermal �uctuations in
electronic control circuits, shot noise in photomultiplier tubes, or quantum noise ampli�ed to
macroscopic levels in measurement apparatus.
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Example 10.1 (Kicked Rotor with K = 10, T = 0.1 s).

λ =
ln 5

0.1
≈ 16.1 s−1

αch =
ln 5

0.1 · ln 2
≈ 23.2 bits/s

Di�usive regime:
Dθ [rad2/s] (21)

Physical meaning: Rate of angular di�usion.

Example 10.2 (Thermal Torsional Oscillator at Room Temperature). For a damped torsional
oscillator in thermal equilibrium, the angular di�usion constant is:

Dθ =
kT

Iγ

With I = 10−10 kg·m2, γ = 0.01 s−1, T = 300 K:

kT = 1.38× 10−23 × 300 ≈ 4.14× 10−21 J

Iγ = 10−10 × 0.01 = 10−12 kg ·m2 · s−1

Dθ =
4.14× 10−21

10−12
≈ 4× 10−9 rad2/s

10.6 Experimental Regimes and Parameter Justi�cation

The critical inequality separating the two dynamical regimes is

λ ≷ Ceff ln 2 , (22)

where λ is the Lyapunov rate (s−1) of the observer's internal basis dynamics, and Ceff is the
e�ective information rate (bits s−1) available for self-tracking of that basis.

Before examining the chaos-dominated regime that yields measurable departures, we �rst
examine where standard quantum mechanics naturally emerges. When Ceff ln 2 > λ (capacity-
wins), the observer's information rate greatly exceeds the system's entropy production: self-
ignorance decays exponentially and visibility approaches the quantum ideal V → 1. This regime
reveals why QM occupies its special epistemic position�observers with intermediate information
capacity (bounded but not chaos-dominated) naturally reproduce quantum predictions. QM
emerges as the theory for this epistemic Goldilocks zone: neither in�nite self-knowledge (which
would dissolve the observer-observed distinction) nor chaos-dominated ignorance, but the sweet
spot where bounded observers can approximately track their measurement basis.

Departing from this well-behaved limit, when λ > Ceff ln 2 (chaos-wins), internal dynam-
ics outpace information recovery, and a measurable steady-state suppression of entanglement
visibility appears after a characteristic tolerance time

ttol =

1
2 ln
(
σ2θ,target/σ

2
θ,0

)
κinfo

, (λ > Ceff ln 2), (23)

where κinfo := λ− Ceff ln 2 is the information de�cit rate (nats/s).
Timescale de�nitions:
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� Capacity-wins (Ceff ln 2 > λ): τfill is the convergence timescale.

� Chaos-wins (λ > Ceff ln 2): The amplitude σ grows as eκt; variance σ2 grows as e2κt.
De�ne:

� τloss := 1/κinfo (amplitude e-folding time)

� τvar := 1/(2κinfo) (variance e-folding time)

� τSK := ln 2/κinfo (one-bit loss time)

Throughout this work, τloss refers to amplitude e-folding. The tolerance time ttol (above)
gives the horizon within which tracking can remain within a speci�ed tolerance, even
though asymptotically stable tracking is impossible.

Typical Physical Scenarios

Regime System Parameters E�ect

Capacity-wins Actively stabilized optical or
spin-based interferometer

Ceff ∼104−107 bits s−1,
λ≲10 s−1

τfill ≲ 1 ms; V/VQM ≈
0.999−1

Chaos-wins Low-bandwidth cognitive,
neural, or minimal-autonomy
controller

Ceff ∼ 1−30 bits s−1,
λ∼20−80 s−1

ttol ∼ 10 − 100 ms;
V/VQM≈0.9−0.99

Transitional Power- or bandwidth-limited
embedded sensors

Ceff ≈λ/ ln 2 Visibility marginally
reduced, highly tun-
able

Table 1: Representative parameter regimes and predicted steady-state e�ects.

These ranges show that chaos-wins behavior does not require exotic conditions: it natu-
rally arises whenever the information bandwidth about the measurement basis is restricted to
a few bits per second while the underlying control or neural process exhibits millisecond-scale
instability.

Estimating λ and Ceff

1. Lyapunov rate λ. Initialize two nearly identical internal states of the basis controller.
Record the logarithmic divergence of their trajectories |δθ(t)|. The slope of ⟨ln |δθ(t)/δθ(0)|⟩
over its linear window gives λ.

2. E�ective capacity Ceff . Inject a calibrated dither into the intended basis angle and
record the observer's or controller's corrective stream. Compute the mutual information
rate I(θ; stream) or the equivalent Fisher-information rate. That operational bitrate�
typically well below the device's raw telemetry�is the relevant Ceff .

Interpretation

For highly instrumented laboratory systems, Ceff ln 2 ≫ λ, and the predicted self-ignorance
e�ect remains below experimental resolution. In contrast, for low-bandwidth cognitive or bio-
inspired observers, or for autonomous devices operating under stringent power or telemetry
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limits, the condition λ > Ceff ln 2 is easily satis�ed, yielding a testable 1�10% reduction of
entanglement visibility after tens of milliseconds� precisely the range of human perceptual and
neural integration timescales.

11 Epistemic Collapse: Quantitative Predictions

11.1 Variance Bounds

The observer's causal ignorance�inability to trace WHY θ evolved to its current value�is
quanti�ed by the uncertainty σ2θ , bounded by:

Chaotic regime:
For chaotic internal dynamics with Lyapunov exponent λ [nats/s], the observer requires a

characteristic timescale to maintain knowledge of the measurement basis angle θ with target
precision. From rate-distortion theory for tracking chaotic sources (see Appendix A), the con-
vergence timescale (capacity-wins regime, C ln 2 > λ) is:

τfill =
ln
(
σ20/Dtarget

)
2(C ln 2− λ)

(24)

where σ20 is the prior uncertainty at t = 0, Dtarget = −2 ln(Vtarget) is the target tracking error,
and C is the observer's information capacity in bits/s.

For a kicked-rotor system operating in steady-state cycles of period Tkick, the self-consistent
prior yields:

τfill =
λTkick

C ln 2− λ
(25)

Regime-dependent interpretation:
Capacity-wins (C ln 2 > λ): This formula gives τfill, the convergence timescale. The ob-

server starts with high initial uncertainty and converges to target precision in time τfill. After
this spin-up period, tracking is maintained with visibility approaching the quantum ideal.

Chaos-wins (λ > C ln 2): The relevant timescale is the tolerance time ttol = ln
(
σ2target/σ

2
0

)
/[2κinfo]

where κinfo = λ−C ln 2 (see Section 10.6). The observer maintains tracking for t < ttol; beyond
this time, self-ignorance makes the basis e�ectively unpredictable and visibility degrades below
target.

Di�usive regime:

σ2θ ≥ Dθ

C ln 2
(26)

Time-independent: Steady-state balance between di�usion (injection rate Dθ in rad2/s) and
information acquisition (extraction rate C in bits/s, converted via ln 2).

11.2 Visibility Formulas (Both Regimes)

Before measurement, observer knows only distribution p(θ|D) with variance σ2θ .
Probability of spin-up outcome:

Pr(+|D) =

∫
dθ p(θ|D) · 1 + r · n(θ)

2
(27)
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For Gaussian uncertainty p(θ|D) ∼ N (θ∗, σ2θ):

Pr(+|D) =
1 + e−σ2

θ/2 r · n(θ∗)
2

(28)

Self-knowledge visibility:

VSK = exp

(
−
σ2θ
2

)
(29)

Gaussian Approximation: This formula assumes angle uncertainty δθ is Gaussian-
distributed or approximately so (small-noise limit, or central limit theorem for accumu-
lated jitter). Validity: σθ ≲ 1 rad. For larger uncertainties, higher cumulants become
signi�cant.

This general formula relates visibility suppression to the observer's uncertainty about their
measurement basis. The time evolution of σ2θ depends on the tracking regime:

Chaotic regime (basis unpredictability due to unstable internal dynamics):
Behavior depends on whether λ ≷ Ceff ln 2 (see Section 10.6):
Chaos-wins (λ > Ceff ln 2): The observer can maintain tracking accuracy for times t < ttol

with manageable uncertainty σ2θ ≲ Dtarget, yielding visibility VSK ≳ Vtarget. For t ≥ ttol, tracking
fails and visibility degrades below the target. This creates a threshold behavior:

VSK

{
≳ Vtarget for t < ttol

< Vtarget for t ≥ ttol
(30)

Capacity-wins (Ceff ln 2 > λ): Self-ignorance decays exponentially with convergence timescale
τfill. After the initial transient (t ≳ τfill), tracking is maintained and visibility approaches the
quantum ideal VSK ≈ 1.

Di�usive regime only (basis unpredictability due to noisy drift):

VSK = exp

[
− Dθ

2C ln 2

]
[constant, time-independent] (31)

Combined with environmental decoherence VD(t) = exp(−t/τD):
Chaotic regime, chaos-wins (λ > Ceff ln 2):
For t < ttol, self-knowledge is maintained and visibility is limited only by environmental

decoherence:

Vnet(t) ≈ VD(t) = exp

(
− t

τD

)
(32)

For t ≥ ttol, the observer loses track of the measurement basis and visibility is further
suppressed. The precise form depends on the post-threshold uncertainty growth, but the key
signature is a threshold degradation at t = ttol.

Chaotic regime, capacity-wins (Ceff ln 2 > λ):
After initial convergence (t ≳ τfill), visibility is limited only by environmental decoherence:

Vnet(t) ≈ VD(t) = exp

(
− t

τD

)
(33)

Self-knowledge e�ects are negligible.
Di�usive regime:

Vnet(t) = exp

[
− t

τD
− Dθ

2C ln 2

]
(34)
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11.3 Double-Exponential Visibility Decay (Chaos-Wins)

In the chaos-wins regime (κ = hKS − Ceff ln 2 > 0), basis uncertainty grows exponentially:

σ2(t) = σ20 e
2κt (35)

Substituting into the visibility formula V = exp
(
−σ2/2

)
yields the double-exponential decay:

V (t) = exp

(
−σ

2
0

2
e2κt

)
(36)

Primary Experimental Signature: This functional form is qualitatively di�erent
from standard decoherence mechanisms:

� Standard exponential: V (t) = e−γt (environmental decoherence)
� Gaussian: V (t) = e−t2/τ2 (inhomogeneous broadening)
� IOF double-exponential: V (t) = e−(σ2

0/2) exp(2κt) (tracking failure)

The distinctive shape: near-unity visibility plateau followed by rapid collapse when
e2κt ∼ 2/σ20. The breakdown time tbreak = ln

(
2/σ20

)
/(2κ) ∝ 1/κ.

11.4 Characteristic Observation Time (Chaotic Regime)

For chaotic observers in the chaos-wins regime (λ > Ceff ln 2), the tolerance time ttol de�nes
the characteristic observation time beyond which tracking degrades below a speci�ed threshold.
This creates distinct dynamical regimes:

Short observation times (t < ttol): The observer successfully tracks the measurement
basis angle θ(t) through continuous monitoring. Visibility is limited primarily by environmental
decoherence:

Vnet(t) ≈ exp

(
− t

τD

)
(37)

Standard quantum mechanics predictions hold in this regime.
Long observation times (t ≥ ttol): Tracking fails as uncertainty accumulates faster than

information extraction. The observer loses knowledge of which measurement basis is being
implemented, leading to additional visibility suppression beyond environmental decoherence.

For chaotic observers in the capacity-wins regime (Ceff ln 2 > λ), there is no tracking fail-
ure. After an initial convergence period τfill, the observer maintains good tracking and visibility
remains near the quantum ideal. Self-ignorance e�ects are transient only.

Comparison with decoherence timescale:

� Chaos-wins: Compare ttol (or τloss) vs τD. When ttol ≪ τD, self-ignorance dominates;
visibility threshold occurs orders of magnitude earlier than environmental decoherence.

� Capacity-wins: Compare τfill vs τD. When τfill ≪ τD, convergence is rapid and self-
ignorance e�ects are negligible throughout.

� When the relevant timescale∼ τD: Both e�ects comparable; interesting mesoscopic regime.
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Example 11.1. Kicked rotor with K = 10, Tkick = 1.6 s, observer capacity C = 2600 bits/s,
decoherence time τD = 100 ms:

With λ = ln(K/2)/Tkick ≈ 1.0 nats/s and C ln 2 ≈ 1802 nats/s, this is capacity-wins
(C ln 2 ≫ λ). The convergence timescale is:

τfill ≈ 0.9 ms ≪ τD

Observable e�ect: Convergence is rapid; after ∼ 1 ms the observer tracks the basis well, and
visibility remains near the quantum ideal throughout.

11.5 Constant Suppression (Di�usive Regime)

For di�usive observers: No crossover time; instead, constant multiplicative suppression of visi-
bility at all times.

Signature: Visibility decays exponentially with same τD but reduced amplitude.

V (t) = V0 · exp
(
− t

τD

)
(38)

where V0 = exp[−Dθ/(2C ln 2)] < 1
The visibility starts lower and maintains the same decay rate throughout.

12 Bell, Kochen-Specker, and Contextuality

12.1 Explicit Contextuality

De�ne hidden variables:

� Particle hidden state: ξ

� Observer microstate: µ = (θ,x)

� Measurement context: c (shielding, timing, apparatus con�guration)

Outcomes:

A = A(ξ, µ, c) (39)

B = B(ξ′, µ′, c′) (40)

Dependence on µ and c makes model explicitly contextual, automatically satisfying Kochen-
Specker constraints (no non-contextual hidden variables exist).

The measurement outcome depends not just on the particle state ξ but on the observer's
internal microstate µ and the broader context c. This is not a bug but a feature�contextuality
is built into the physical description.
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12.2 Violation of Measurement Independence

Bell's theorem relies on the assumption of Statistical Independence (also called �measurement
independence� or �free choice�):

P (ξ|θ) = P (ξ) (41)

That is, the probability distribution over hidden variables ξ is independent of the measurement
setting θ.

In any deterministic Block Universe, this assumption is mathematically false:

� The measurement setting θ is determined by the observer's internal state µ

� Both ξ and µ evolved deterministically from common initial conditions at t0

� Hence P (ξ|θ) ̸= P (ξ)�they share a common causal history

The IOF does not �violate� Bell's theorem; rather, Bell's assumptions simply do not apply
to this ontology. This is a structural feature of deterministic global histories, not a loophole.

More explicitly, common past at t0 yields:

ρ(ξ, µ, µ′) ̸= ρ(ξ) · ρ(µ) · ρ(µ′) (42)

Why this isn't �conspiracy� : In a Block Universe, correlations arise through Global
Constraint�the 4D history is a single consistent solution (see the Sudoku Analogy in Section 17).
This is respectable spacetime physics, not conspiratorial �ne-tuning.

Structural causal model: The common cause structure is:

(ξ, µ) at t0 → (θ = θ(µ), outcome = f(ξ, θ)) (43)

Conditioning on θ (the measurement basis) breaks the apparent independence between par-
ticle state and outcome. Our causal ignorance�not knowing WHY µ evolved to produce this
θ�is precisely what makes P (θ|D) broad, yielding the visibility suppression.

12.3 No-Signalling Preservation

The framework preserves no-signalling despite observer-dependent basis uncertainty. Local vari-
ations in observer capacity C a�ect only the local epistemic state p(θ|D), not distant measure-
ment outcomes.

For spatially separated observers A and B with respective capacities CA and CB, single-party
marginals remain independent of remote settings:

P (A|a) =
∑
B

P (A,B|a, b) (44)

is independent of b, regardless of CA or CB. The basis uncertainty σ2θ modulates only the
joint correlation strength (visibility reduction), not the causal structure. Observer-dependent
coarse-graining a�ects prospective predictive accuracy, but recorded macroscopic outcomes are
invariant. This preserves consistency with relativity and avoids Wigner-friend paradoxes.

37



12.4 Reproducing Standard Quantum Correlations

The framework reproduces standard quantum correlations (including Bell-violating entangle-
ment) when observer self-knowledge is perfect (C → ∞, thus σ2θ → 0). Local, deterministic,
contextual dynamics reproduce quantum singlet correlations through common past / global
constraint (superdeterministic correlation), with correlations arising naturally from the common
causal history rather than requiring �ne-tuning.
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Part IV

Empirical Connections

13 Phenomenological Connections

Note: This section explores how the framework connects to phenomenological observations and
physical scaling arguments. The mesoscopic predictions in Section 14 below stand independently,
using thermodynamic capacity bounds and information-theoretic constraints, and do not depend
on these phenomenological considerations.

13.1 Libet Experiments: Experiential Con�rmation of Non-Doership

Benjamin Libet's experiments in the 1980s revealed a surprising temporal structure in voluntary
action:

� Readiness potential (RP): Neural activity in motor cortex begins 300�500 ms before
action

� Conscious intention (W): Subjective awareness of decision to act occurs ∼200 ms before
action

� Action: Muscle movement

The key �nding: Neural activity precedes conscious awareness by ∼300�500 ms.
This provides empirical con�rmation of causal self-ignorance at the experiential level. Con-

scious awareness arrives after the neural state has already determined the action. You cannot
trace WHY your system evolved to produce this particular �choice��the causal origin (v	asan	as,
pr	arabdha) remains hidden from awareness. By the time you know WHAT you chose, the WHY
is inaccessible.

This reveals the structure of non-doership. As the Bhagavad Gita states: �All actions are

performed by the gun. as (qualities) of prakr. ti (nature). The self, deluded by egoism, thinks `I am

the doer' � (3.27). Actions happen�arising from the vast network of past causes (pr	arabdha)�
but the ego merely witnesses and claims �I did this,� mistaking itself for the author of what has
already occurred.

Connection to framework: The mathematical framework (Part III) predicts that limited
information capacity C combined with chaotic/di�usive internal dynamics produces fundamental
uncertainty σ2θ about one's measurement basis. Libet con�rms this isn't abstract theory�causal
self-ignorance is experientially real,1 manifesting as the gap between neural determination and
conscious awareness.

Important caveat: While we cannot use Libet to calibrate C (that would be circular
reasoning�using the consequence to derive the premise), these �ndings con�rm that the self-
ignorance producing quantum randomness corresponds to structures present in conscious expe-
rience. The framework predicts causal opacity; Libet demonstrates it phenomenologically.

1The Libet experiments provide a compelling phenomenological illustration in a biological system. However,
the physical theory itself is universal. At the empirical (vy	avah	arika) level, the mathematical constraints apply
to any bounded physical system, conscious or not. The deeper, non-dual relationship between consciousness and
the physical world is explored in detail in Part VII.
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Recent critiques: A growing body of research has questioned whether the readiness po-
tential represents the decision itself or a more general preparatory process (Schurger et al.,
2012). For our framework, this debate doesn't matter: whether the opacity manifests at the RP
level, during evidence accumulation, or in complex deliberation, the fundamental point stands�
thermodynamic limits and chaotic dynamics ensure you cannot fully track the internal state
evolution determining your choices. Libet con�rms this isn't abstract; the critiques show the
mechanisms are more complex than initially thought, which if anything strengthens the case for
causal self-ignorance in complex systems with many degrees of freedom.

13.2 Mass/Complexity Scaling: General Arguments

These scaling arguments are qualitative and system-dependent, not quantitative predictions.
Information capacity scaling: At �xed power density σP (W/kg) and temperature T ,

thermodynamics gives:

P = σP ·M ⇒ C ≤ P

kT ln 2
=
σP ·M
kT ln 2

(45)

Therefore:
C ∝M [at �xed σP , T ] (46)

This is rigorous: information capacity scales with mass (assuming �xed power density and
temperature).

Unpredictability scaling: How chaos or di�usion scales with system size is empirically

unknown and likely varies between architectures. Let hKS denote the Kolmogorov�Sinai entropy
rate (nats/s):

hKS ∝Mβ or Dθ ∝Mβ (47)

The parameter β is unknown and could vary widely:

� β ≈ 0: Few e�ective DOFs dominate (highly engineered system)

� β ≈ 1: Extensive chaos with many coupled modes

� β > 1: Superlinear growth (possible in highly interconnected systems)

� β < 0: Better organization at larger scales (possible in biological systems)

Conditional scaling of self-ignorance timescale:
The regime is determined by comparing hKS with C ln 2 (both in nats/s):

� Capacity-wins (C ln 2 > hKS): Tracking converges on timescale τfill

� Chaos-wins (hKS > C ln 2): Tracking fails on timescale τloss = 1/(hKS − C ln 2)

Assuming C ∝M (thermodynamic scaling) and hKS ∝Mβ (system-dependent):
For capacity-wins regime (C ln 2 > hKS):

τfill ∼
1

C ln 2− hKS
∝ 1

M −Mβ
≈M−1 (for β < 1) (48)

For chaos-wins regime (hKS > C ln 2):

τloss =
1

hKS − C ln 2
∝ 1

Mβ −M
≈M−β (for β > 1) (49)
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IF β < 1: Larger systems tend toward capacity-wins (QM works well). IF β = 1: Regime
boundary approximately mass-independent. IF β > 1: Larger systems tend toward chaos-wins
(measurable deviations).

Conclusion: These are if-then statements, not predictions. The actual scaling requires
empirical determination of β for speci�c systems. What we can say rigorously is that thermo-
dynamics ensures C ∝M , but how unpredictability scales remains an open empirical question.

These scaling relations determine which physical systems naturally occupy the capacity-wins
or chaos-wins regimes, and thus which domains�quantum, biological, or classical�manifest
measurable deviations predicted by the framework.

14 Connection to Penrose Objective Reduction

14.1 Penrose's OR Timescale

Roger Penrose proposes that quantum superpositions collapse objectively when gravitational
self-energy reaches a threshold. Penrose's EG is the gravitational self-energy of the di�erence

between the two mass distributions in superposition�not the interaction energy between two
masses.

For a rigid object of size R displaced by separation s:

� Small separation (s ≪ R): The two branches overlap heavily; EG(s) ∝ (Gm2/R3) s2

grows quadratically from zero.

� Large separation (s ≫ R): The branches are non-overlapping; EG saturates at ∼
Gm2/R.

The collapse timescale is:

τOR ∼ ℏ
EG

(50)

Thus τOR decreases with separation (faster collapse) until saturation.

Example 14.1. m = 10−14 kg, R ∼ s ∼ 1 µm ⇒ τOR ∼ 10−2 to 10−1 s

Physical interpretation: Spacetime cannot tolerate superpositions of signi�cantly di�erent
mass distributions for longer than τOR. The superposition �self-reduces� when the gravitational
�eld mismatch between branches exceeds a threshold set by ℏ/τ .

14.2 Self-Ignorance Timescale

From rate-distortion theory for tracking a chaotic source (see Appendix A), the characteristic
timescale depends on the regime. Let hKS denote the Kolmogorov�Sinai entropy rate (nats/s).

Chaos-wins regime (hKS > C ln 2): Tracking fails on timescale

τloss =
ln
(
σ2target/σ

2
0

)
2(hKS − C ln 2)

≈ 1

hKS − C ln 2
(51)

where σ20 is initial uncertainty (typically small after recent calibration), σ2target > σ20 is the
tolerance threshold (ensuring τloss > 0), and the approximation assumes the log factor is O(1).
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Capacity-wins regime (C ln 2 > hKS): Tracking converges on timescale τfill; after initial
transient, visibility approaches the quantum ideal.

We focus on the chaos-wins regime, where tracking necessarily fails beyond a �nite τloss
and measurable deviations from QM predictions emerge. Mass scaling (assuming C ∝ M and
hKS ∝Mβ) was discussed in Section 13.2.

Physical interpretation: In the chaos-wins regime, an observer cannot maintain accurate
knowledge of their measurement basis for longer than τloss. Beyond this time, self-ignorance
makes quantum interference progressively less observable.

14.3 Connection to Penrose Objective Reduction

Penrose's Objective Reduction (OR) proposes that quantum superpositions become unstable
due to gravitational self-energy, giving a characteristic timescale:

τOR =
ℏs
Gm2

(52)

where m is the mass in superposition and s is the spatial separation.
Our self-ignorance timescale for the chaos-wins regime (detailed derivation in Appendix A):

τloss ≈
1

hKS − C ln 2
(53)

Mesoscopic overlap: Both timescales converge at approximately 50�70 ms in the meso-
scopic regime. For Penrose OR, this requires masses around m ∼ 10−15 kg (femtogram scale)
with separations of 100 nm�1 µm. For self-ignorance, this emerges from biologically plausible
parameters: C ≈ 10 bits/s (metacognitive bandwidth, so C ln 2 ≈ 7 nats/s) and hKS ≈ 50 nats/s
(neural instability). The simpli�ed approximation τloss ≈ 1/(hKS − C ln 2) ≈ 23 ms; for 1�5%
visibility loss, the log factor in the full expression contributes ∼2�3, giving τloss ≈ 50�70 ms.

Di�erent mechanisms: While both predict similar timescales in this regime, they arise
from fundamentally di�erent physics�gravitational instability versus information-theoretic track-
ing limits. This allows experimental discrimination:

Experimental Test Penrose OR IOF (This Framework)

Vary power P at �xed mass No e�ect τloss increases
Vary temperature T at �xed mass No e�ect τloss decreases
Vary separation s at �xed Ceff τOR increases No e�ect

Table 2: Orthogonal predictions enabling experimental discrimination between gravitational OR
and information-theoretic IOF. The power/temperature test is the primary discriminator.

Section 15 details testable predictions and discrimination protocols.
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15 Experimental Tests

Primary Experimental Discriminator: The Sign Reversal

The de�nitive test distinguishing IOF from standard decoherence is the sign of the power
dependence:

� Standard thermal decoherence predicts: ∂V/∂P < 0
Increasing controller power increases heat load ⇒ reduces coherence

� IOF predicts the opposite: ∂V/∂P > 0
Increasing observer power increases Ceff via Landauer bound ⇒ extends coherence

Critical requirement: This sign reversal is only observable when environmental tem-
perature T is actively stabilized. Without thermal control, increased power also increases
temperature, masking the information-theoretic e�ect.

Secondary signature: The visibility decay follows the distinctive double-exponential
form V (t) = exp

(
−1

2σ
2
0e

2κt
)
, qualitatively di�erent from standard exponential (e−γt) or

Gaussian (e−t2) decoherence.

15.1 Three Independent Discrimination Tests

1. Power/Temperature Knob:
Vary P or T at �xed m, s

� τloss responds via C = P/(kT ln 2)

� τOR una�ected

Test: If visibility loss tracks P , T → self-ignorance mechanism
Prediction: Increasing power budget should extend quantum coherence time (counter to

intuition that more activity means more decoherence).
2. Geometry Knob:
Vary superposition separation s at �xed C

� τOR ∝ s responds

� τloss independent of s

Test: If visibility loss independent of s → self-ignorance mechanism
Prediction: Spatial separation shouldn't matter for self-ignorance e�ects, only for gravita-

tional OR.
3. Mass Scaling:
Log-log plot of timescale vs. mass

� τOR: slope ≈ −2

� τloss: slope ≈ −β (for β > 1)

Test: Slope distinguishes mechanisms
Prediction: Self-ignorance shows gentler mass dependence than Penrose OR.
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15.2 Proposed Systems

A. Opto-mechanical torsional oscillator:

� Polarizer angle set by internal chaotic actuator

� Tunable chaos parameter K → variable hKS

� Variable power/temperature → tunable C

� Regime: Chaotic (kicked rotor dynamics)

Advantage: All relevant parameters (K, P , T ) independently tunable.
Experimental protocol:

1. Prepare particle in known polarization

2. Actuator evolves chaotically for time t

3. Measure polarization along actuator-determined axis

4. Repeat to measure visibility vs. time

5. Vary K, P , T to test predictions

B. Superconducting qubits with internal controllers:

� Measurement basis set by auxiliary qubit network

� Controllable internal decoherence

� Regime: Either chaotic or di�usive depending on design

Advantage: Quantum control allows exploration of both regimes.
C. Cold-atom spinor gases:

� Self-generated quantization axis

� Mass scaling accessible through atom number

� Regime: Typically di�usive (collisional dynamics)

Advantage: Natural system with self-determined measurement basis.

15.3 Experimental Feasibility

The chaos-wins regime (hKS > C ln 2) o�ers tractable experimental tests. Biological or low-
bandwidth autonomous observers, whose e�ective self-information rates fall below their intrinsic
dynamical instabilities, naturally enter this regime.

With biologically plausible parameters (C ≈ 10 bits/s, hKS ≈ 50 nats/s), the framework
predicts measurable 1�10% visibility suppression over timescales τloss ≈ 50�70 ms. Tracking
remains within tolerance for t < τloss; beyond this threshold, quantum interference becomes
progressively less observable.

Observable signature: Threshold degradation at tens-of-milliseconds timescale, overlap-
ping with human perceptual integration and Penrose OR estimates. This is within reach of
current optical-neural hybrid and embodied-agent platforms, measurable with current entangle-
ment experiments.
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15.4 Accessible Parameter Ranges

Modern experimental capabilities:

Parameter Accessible range Required for test

Mass 10−18�10−10 kg 10−14 kg
Temperature 0.1�300 K 4 K
Power 10−9�10−3 W 10−19 W
Chaos rate hKS = 0.1�100 nats/s ∼1 nats/s
Decoherence time 10−6�102 s ∼0.1 s

Table 3: Accessible parameter ranges

All parameters within reach of current technology.
Key technical challenges:

1. Creating observers with tunable internal chaos

2. Measuring visibility to ∼1% precision

3. Isolating self-ignorance e�ects from environmental decoherence

4. Ensuring measurement basis is truly determined by internal dynamics

15.5 Falsi�cation Criteria

What would kill this framework?
The following null results would falsify the self-ignorance mechanism:

1. Power/temperature independence: No change in visibility suppression across three
orders of magnitude variation in P or T at �xed mass and hKS → self-ignorance mechanism
not operative; e�ects are purely environmental or instrumental.

2. Gravitational OR scaling: Visibility loss tracks s/m2 (spatial separation over mass
squared) → gravitational objective reduction dominates; information-theoretic limits ir-
relevant.

3. Chaos-independence: E�ects independent of observer's internal entropy rate hKS in
chaos-wins regime (hKS > C ln 2) → framework predictions wrong; visibility loss not due
to basis tracking failure.

4. Wrong functional form: Visibility decay V (t) �ts ordinary exponential (e−γt) or power-
law decoherence but not the predicted double-exponential structure V (t) = exp

(
−1

2σ
2
0e

2κt
)

→ tracking-failure mechanism not operative; standard decoherence dominates.

5. One-party marginal skew: Single-party measurement statistics P (A = ±1|a) deviate
signi�cantly from 50/50 across regimes → signaling or systematic bias; superdeterministic
correlations fail no-signaling requirement.

Clean experimental discrimination between self-ignorance, gravitational OR, and conven-
tional decoherence is achievable through independent control of P/T (capacity knob), s (geom-
etry knob), and hKS (chaos knob).
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Part V

Interpretation and Implications

16 What This Framework O�ers

This framework o�ers:

16.1 Determinism Without Conspiracy

� Deterministic ontology without collapse

� No ontic randomness; apparent randomness from self-ignorance

� Correlations through common past (generic, not �ne-tuned)

� Measurement independence violated naturally, not conspiratorially

The universe evolves deterministically, but observers embedded within it cannot predict
outcomes because they cannot know their own states precisely enough.

16.2 Epistemic Randomness from Self-Ignorance

Quantum mechanics is a correct epistemic theory for bounded observers. The underlying ontol-
ogy is deterministic but inaccessible due to intrinsic limits on self-knowledge encoded by:

� Finite information capacity C

� Internal unpredictability (αch or Dθ)

Apparent randomness is epistemic, not ontological�it arises from the observer's bounded
access to their own state.

16.3 Gödelian Self-Referential Limitations

Self-referential limitation: A system cannot fully know the state that determines its future be-

havior.

This is a concrete, quanti�able limitation (measured by C and α), not a mystical claim. It's
the information-theoretic version of �no system can completely model itself.�

Analogy to Gödel: Just as a formal system cannot prove all truths about itself, a physical
observer cannot know all facts about their own state. Both limitations stem from self-reference.

16.4 QM as Correct Epistemic Theory

Standard quantum mechanics is empirically correct as an epistemic theory�a theory about what
observers with limited information can predict. QM is complete as far as the observer can tell,
because the observer's limitations are built into the theory's structure. But observers cannot
access an external view of themselves to verify the deterministic ontology underneath.

The capacity-wins regime (C ln 2 > λ) corresponds to stable tracking (error contraction) for
the degrees of freedom being controlled. Laboratory systems are typically engineered to operate
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near or within this regime for the relevant measurement channels. However, under stress (e.g.,
deep excursions, strong perturbations, or scaling where e�ective λ grows), subsystems can enter
the chaos-wins regime (κinfo = λ−C ln 2 > 0), where tracking loss and the associated signatures
become visible.

16.5 Testable Deviations from Standard Predictions

Regime-dependent predictions:

� Chaotic systems: A characteristic tracking timescale τSK, beyond which visibility is sharply
degraded

� Di�usive systems: Constant visibility reduction

Distinguishable experimental signatures:

� Bandwidth dependence under thermal control

� Independence from spatial separation

� Gentle mass scaling

These predictions go beyond standard quantum mechanics and are testable with current
technology.

17 The Broader Picture

17.1 Determinism Meets Unpredictability

This framework reconciles:

� Deterministic ontology (everything evolves according to �xed laws)

� Unpredictable phenomenology (outcomes appear random to embedded observers)

The resolution: Unpredictability is compatible with determinism when observers are bounded
information processors embedded in the system they're trying to predict.

17.2 The Nature of Physical Law (Epistemic vs. Ontological)

This suggests a layered picture of physical law:
Ontological layer: Deterministic evolution of universal state

� Probably described by something like Schrödinger equation for Ψ(entire universe)

� No collapse, no randomness

� Inaccessible to embedded observers

Epistemic layer: Quantum mechanics as prediction tool for bounded observers

� Collapse represents update of observer knowledge
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� Probabilities represent ignorance, not chance

� Empirically complete for embedded observers

Physical theories might describe epistemic structure rather than ontological reality. What
we call �quantum mechanics� is the signature of bounded observers embedded in a deterministic
universe.

17.3 Connection to Consciousness, Gödel, Free Will

Consciousness: The subjective experience of having �free� measurement choice may be the
phenomenology of a deterministic system with limited self-knowledge. You can't predict your
own choice (lack of self-knowledge) so it feels free.

Gödel: The mathematical limitation (no system proves all its truths) has physical analog
(no system knows all its states). Both stem from self-reference.

Free will: Compatibilist resolution�actions are determined but unpredictable to the agent
(self-ignorance). This preserves the phenomenology of choice while accepting physical determin-
ism.

These connections suggest deep structural relationships between:

� Limits of formal systems (Gödel)

� Limits of self-knowledge (our framework)

� Limits of prediction (chaos theory)

� Phenomenology of agency (consciousness)

18 Relationship to Superdeterminism

18.1 The Superdeterministic Family

Our framework is fundamentally superdeterministic: measurement settings and particle states
share a common causal history, violating the statistical independence assumption (measurement
independence) that underlies Bell's theorem. This is not a defect but a necessary feature of any
consistent deterministic completion of quantum mechanics.

However, standard objections to superdeterminism have prevented serious engagement with
this approach. We believe our framework addresses these objections by providing a constructive
mechanism with quantitative predictions rather than merely asserting �everything is correlated.�

18.2 Standard Objections and Our Responses

Objection 1: Conspiracy and Fine-Tuning
�Measurement settings and particle states must be correlated with impossible precision. This

requires conspiratorial �ne-tuning!�

Our response: This objection dissolves once we adopt Block Universe language. The
correlations are not the result of conspiratorial �ne-tuning but of a Global Constraint�the
4D history is a single solution to a boundary-value problem.

The Sudoku Analogy: Consider a completed Sudoku puzzle. The value in cell (1,1) is
correlated with the value in cell (9,9)�not because one caused the other, not because someone
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�ne-tuned them, but because the global solution demands consistency. There is no communica-
tion between the cells; there is no tuning; there is no conspiracy. The correlation is structural.

Similarly, in a deterministic Block Universe, measurement settings and ontic states correlate
because the global history�from Big Bang to heat death�is a single consistent solution. The
�choice� of measurement setting θ and the particle state ξ share a common past; their correlation
is as natural as the correlation between two cells in a Sudoku puzzle.

This reframing transforms �superdeterminism� from a suspicious loophole into respectable
spacetime physics: correlations through global constraint, not conspiracy.

We formalize this in Section 12.2 through the structural causal model:

(ξ, µ) at t0 → (θ = θ(µ), outcome = f(ξ, θ)) (54)

The correlation ρ(ξ, µ) ̸= ρ(ξ) · ρ(µ) is automatic, not �ne-tuned. The word �conspiracy� only
seems appropriate if one assumes measurement settings exist outside the physical causal chain.

Objection 2: Death of Science
�If experimenters' choices are predetermined, how can we trust experiments? Maybe the

universe conspires to fool us by showing false regularities!�

Our response: This con�ates two distinct claims:

1. Measurement settings are determined by physical law (superdeterminism)

2. The universe is structured to deceive observers (conspiracy)

These are independent. Our framework embraces (1) but rejects (2). Quantum mechanics is
empirically complete for bounded observers precisely because of the information-theoretic limits
we've identi�ed�it's complete as epistemology while incomplete as ontology. Science correctly
studies the epistemic layer; the deterministic substrate is inaccessible not through conspiracy
but through fundamental constraints on self-knowledge.

Objection 3: No Mechanism
�Superdeterminism just asserts `everything is correlated' without explaining HOW or WHY.

It's not a theory, just a statement of faith.�

Our response: Our main contribution is providing a constructive mechanism. The ob-
server cannot trace WHY their internal state θ evolved to produce this particular measurement
choice, because the causal chain is hidden due to fundamental information-theoretic limits: �-
nite capacity C bounded by Landauer's principle, and internal unpredictability αch or Dθ from
chaotic/di�usive dynamics.

We provide:

� Explicit dynamics: Chaotic (kicked rotor) vs. di�usive (thermal/quantum noise)

� Tracking timescale: In the chaos-wins regime (κinfo = λ− C ln 2 > 0):

τloss =
1

κinfo
, τSK =

ln 2

κinfo

where λ is an e�ective instability rate (s−1) and C is channel capacity (bits/s). For di�usive
dynamics: σ2θ ≥ Dθ/(C ln 2).

� Thermodynamic foundation: C ≤ P/(kT ln 2) from Landauer's principle
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� Visibility formulas: VSK = exp
(
−σ2θ/2

)
with threshold behavior at t = τSK

This is a detailed physical mechanism with speci�c predictions.
Objection 4: Free Will Denial
�This framework denies experimenters have genuine freedom to choose measurement settings!�

Our response: We embrace compatibilism. The framework denies libertarian free will but
preserves subjective agency:

� Actions feel free because you cannot predict your own choices (bounded self-knowledge)

� Deliberation and decision are real physical processes

� Unpredictability-to-self creates the phenomenology of genuine choice

� Responsibility remains meaningful (actions �ow from your character, even if causally de-
termined)

The Libet experiments (Section 13.1) provide direct evidence: neural activity determining
an action begins 300�500 ms before conscious awareness. The causal chain from past states is
hidden from awareness�this limitation preserves the phenomenology we call free will.

Objection 5: Computational Intractability
�Computing what a deterministic observer will measure requires simulating the entire past

light cone, so predictions are e�ectively impossible anyway. What's gained over standard QM?�

Our response: We make this limitation rigorous rather than merely practical. In the
chaos-wins regime (κinfo = λ− C ln 2 > 0), the tracking timescale is:

τSK =
ln 2

κinfo
=

ln 2

λ− C ln 2
(55)

No matter how much computational power you have, if information �ows through a channel
with capacity C bits/s and the system has instability rate λ nats/s exceeding C ln 2, you cannot

track the measurement basis beyond τSK. This is information-theoretically impossible, not just
computationally hard. Combined with Landauer's bound C ≤ P/(kT ln 2), this becomes a
thermodynamic constraint.

What's gained: (1) Understanding WHY QM appears random (causal ignorance, not onto-
logical indeterminacy); (2) WHY QM is empirically complete (optimal for bounded observers);
(3) Testable deviations (visibility reduction, power/temperature dependence, mass scaling); (4)
Connections to neural dynamics, Gödelian limitations, Penrose OR, and non-dual metaphysics.

19 What Experiments Would Show

19.1 Deviation Signatures

If experiments con�rm predictions:
Bandwidth dependence under thermal control: With active temperature stabilization

(to suppress ordinary thermal decoherence), increasing e�ective captured information rate C
should increase the coherence/visibility timescale (i.e., ∂τ/∂C > 0). Naively increasing power
without thermal control often shortens coherence due to heating; the IOF claim is about the sign
with temperature clamped and C varied. This distinguishes IOF from both standard decoherence
and gravitational OR (which is bandwidth-independent).
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Geometry independence: Visibility loss independent of spatial separation�rules out
gravitational OR (which scales with separation).

Gentle mass scaling: Timescale that scales approximately as Mβ−1 with β < 1 (for large
M where C ln 2 ≫ λ)�rules out gravitational OR (which scales as M−2).

Regime-dependent behavior: Di�erent signatures for chaotic vs. di�usive internal dynamics�
con�rms self-ignorance mechanism.

19.2 Controllable Quantum-Classical Transition

The framework predicts a controllable quantum-classical transition. Increasing C (more power/lower
temperature) or decreasing α (weaker chaos/di�usion) makes the system remain quantum longer.
Conversely, decreasing C or increasing α accelerates the transition to classical behavior. This al-
lows engineering quantum devices that remain coherent longer, understanding why macroscopic
objects appear classical, and probing the quantum-classical boundary.

19.3 What Positive Results Would Mean

If experiments con�rm self-ignorance e�ects:

1. Quantum mechanics is incomplete as ontology but operationally complete as epistemology

2. Deterministic underpinning exists beneath quantum randomness

3. Observer limitations are fundamental to quantum phenomenology

4. The measurement problem is solved (no collapse, just epistemic update)

5. Entanglement correlations require no spooky action

6. The quantum-classical transition is information-theoretic, not just environmental

19.4 The Deeper Question Revealed

Even if experiments con�rm the framework, deeper questions remain: Why deterministic evo-
lution at the fundamental level? Why do embedded observers have �nite information capacity?
Why this particular relationship between C, α, and quantum visibility? These questions�
connecting gravity and information, constraining physical laws, and linking to the thermody-
namic arrow of time�take us beyond physics into metaphysics, a domain we will explore in the
�nal part of this paper.
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Part VI

Open Questions

20 Does Self-Ignorance Scale with Complexity?

Key question: How does β (unpredictability scaling exponent) depend on system architecture?
For hKS ∝Mβ (where hKS is the Kolmogorov�Sinai entropy rate in nats/s):

� β = 0: Chaos con�ned to few DOFs (engineered systems)

� β = 1: Extensive chaos (many coupled modes)

� β > 1: Super-extensive (unlikely but not ruled out)

Empirical questions:

� What determines β for biological systems (neural networks)?

� Can we engineer systems with tunable β?

� Does β change with temperature, power, coupling strength?

Implications: If β ≈ 1, the regime boundary hKS ≈ C ln 2 becomes roughly scale-invariant
(both sides scale asM). If β < 1, larger systems tend toward capacity-wins and remain quantum
longer (counter-intuitive). If β > 1, larger systems tend toward chaos-wins with measurable
deviations.

21 What Is the Threshold for �Observer-hood�?

At what complexity does a physical system become an �observer� subject to self-ignorance lim-
itations?

Minimum requirements:

� Internal state determining measurement basis

� Dynamics complex enough to require monitoring (chaotic or noisy)

� Meta-system attempting to track internal state

� Finite information processing capacity

Questions:

� Does a single atom count? (No�no internal complexity to be ignorant of)

� Does a molecule? (Maybe�if internal DOFs determine interaction basis)

� Does a macromolecule? (Likely�complex conformational dynamics)

� Does a cell? (Certainly�metabolic networks, gene regulation)

The threshold may not be sharp but gradual�increasing complexity means increasing self-
ignorance e�ects.

Connection to consciousness: Perhaps conscious observers are simply systems complex
enough that self-ignorance becomes phenomenologically salient�you can't help but notice your
inability to predict your own thoughts.
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22 Open Question: Convergence of Gravitational and Epistemic
Timescales

In the chaos-wins regime (hKS > C ln 2), the framework predicts an epistemic self-ignorance
timescale τloss ≈ 1/(hKS − C ln 2), beyond which a �nite-capacity observer cannot maintain
accurate tracking of its own measurement basis. Penrose's gravitational objective reduction
proposal introduces a distinct ontological instability timescale τOR = ℏ/∆EG, set by the gravi-
tational self-energy di�erence of superposed mass distributions.

Although derived from unrelated principles, both timescales fall in the same mesoscopic
regime: Penrose OR estimates typically span ∼10�100 ms for femtogram-scale masses, while
our illustrative self-ignorance estimate gives τloss ∼ 50�70 ms for biologically plausible param-
eters (C ∼ 10 bits/s, hKS ∼ 50 nats/s). Whether this alignment re�ects contingent numerical
overlap, a deeper structural constraint on �nite observers whose information capacity is geomet-
rically bounded, or an early indication of a shared mechanism linking information, geometry,
and observer-dependent knowability remains unresolved. Understanding this convergence may
point toward a viable path for future uni�cation attempts, without implying collapse within the
framework itself.

Empirical approach: Experimental tests can discriminate whether these e�ects combine
independently or one dominates. In terms of rates (ΓOR := 1/τOR, Γloss := 1/τloss), plausible
models include additive rates (Γtot = ΓOR +Γloss, giving τtot = 1/(ΓOR +Γloss)) or a dominant-
mechanism model (τtot ≈ min(τOR, τloss)). The discrimination tests in Section 15 exploit the
distinct parameter dependencies of each mechanism.

23 Is There a Deeper Explanation for This Structure?

Why should the universe be:

� Deterministic at fundamental level

� Structured so observers cannot know their own states

� Such that ignorance produces quantum phenomenology

Several explanations might be proposed:
Anthropic: Only universes with this structure support complex observers (us). But this

explains that we exist, not why this structure exists.
Necessary: Logical/mathematical necessity�any consistent universe must have this struc-

ture. But what principle makes it necessary?
Emergent: Structure emerges from even deeper substrate. But what substrate, and why

that one?
Teleological: Universe structured to enable certain phenomenology. But by what agency

or principle?

23.1 The Metaphysical Answer

These physical explanations leave the deepest question unanswered. There is, however, another
perspective�one that has been articulated in contemplative traditions for millennia.
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The metaphysical explanation: The structure we've uncovered�deterministic ontology
hidden beneath epistemic randomness, self-ignorance creating apparent multiplicity, convergence
of informational and gravitational limits at the observer scale�is not an accident or arbitrary
design choice. It is the necessary structure of how a non-dual ultimate reality appears when
viewed from within itself.

The framework's treatment of self-ignorance belongs entirely to n	ama-r	upa�the manifest
domain of measurable relations. It explains why any �nite observer within this domain can-
not achieve perfect self-knowledge. However, consciousness itself is not a phenomenon within
this �eld. According to the non-dual view outlined earlier, pure awareness (sat-cit-	ananda) is
the unconditioned ground in which both knowledge and ignorance appear and disappear. Any-
thing that can be observed, modelled, or spoken of�including self-ignorance�is already part of
manifestation, not of the Self.

The physical framework therefore describes the mechanics of ignorance inside the play of
appearances, while the metaphysical perspective points beyond it, to that which is aware of
both ignorance and knowledge. They are complementary, not competing: the former explains
how limitation functions; the latter reveals what is never limited.

This is the perspective we will now explore in depth in the �nal part of this paper.

These questions mark the boundary where our physical inquiry must transition into a metaphys-
ical one. We have traced the physics of self-ignorance to its mathematical foundations. Now we
turn to the question: What does it mean for reality itself to be characterized by self-ignorance?
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Part VII

A Non-Dual Perspective

This section explores connections between the self-ignorance framework and Advaita Vedanta,
particularly as articulated in the teachings of Ramana Maharshi. We follow the interpretive
approach of Michael James, emphasizing that physics describes the structure of empirical real-
ity (vy	avah	arika satya) while Vedanta addresses the nature of ultimate reality (p	aram	arthika
satya). The parallels we draw are structural�showing how mathematical relationships within
appearance mirror metaphysical principles�without claiming that physics proves or exhausts
Vedantic insights.

24 Consciousness as Fundamental (Sat-Chit-	Ananda)

Two Kinds of Self-Awareness
Ramana Maharshi distinguishes between two fundamentally di�erent modes of awareness:
Pure self-awareness (	atma-svar	upa): Consciousness knowing itself as itself, without the di-

vision into knower and known. This is our fundamental nature�sat-cit-	ananda (being-awareness-
bliss)�which requires no mediation and cannot be objecti�ed.

The ego's attempted self-knowledge: The �I am this body-mind� thought attempting
to know itself as an object, necessarily creating subject-object duality.

Our framework's �observer� is always the latter�the ego, not pure consciousness. The ob-
server is a limited form of awareness that has identi�ed with a physical system (neurons, appa-
ratus, measurement degrees of freedom). The information-theoretic bounds we've derived apply
to the ego's structure, not to consciousness itself.

The Ego as Physical System
When we model the observer as possessing internal state x(t) and measurement basis θ(t),

we are formalizing the ego's identi�cation with a particular body-mind. In Michael James's ter-
minology, the ego is �the formless phantom that rises as `I am this body' and that simultaneously
projects and perceives the body and world.�

The crucial mathematical constraint:

C ≤ P

kT ln 2
(56)

is not a limitation on consciousness but on the ego-as-physical-system. It expresses how much
the ego (having assumed the form of a material observer) can know about the material state it
has identi�ed with.

The Self, Ego, and J	�va: Technical Clari�cations
This section addresses the precise Vedantic distinctions that inform our framework:
The Self = 	atman = brahman: The one subject, pure consciousness. It cannot know

itself as an object�not because of any limitation, but because it IS the knowing subject. Any
attempt to objectify the Self creates the appearance of subject-object division, which is avidy	a
itself. The Self is self-aware, but this awareness is not mediated through objecti�cation; it is
direct, immediate, non-dual knowing by being.

The ego: The �I am this body� thought. Crucially, the ego is not a knowing principle
but ignorance (avidy	a) itself. It is non-existent�a formless phantom that appears to exist only
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through avidy	a. When subjected to the inquiry �Who am I?�, the ego dissolves, revealing only
the Self. It has no reality to be known.

The j	�va (individual): 	Atman + avidy	a�the Self apparently limited by ignorance. From
the j	�va's perspective, self-knowledge appears incomplete: I cannot trace WHY my thoughts
arise as they do, WHY attention moves as it does, WHY choices emerge from accumulated
tendencies (	asan	as). This incomplete self-knowledge is not a property of consciousness itself but
of the apparent limitation (avidy	a).

What our framework models: When we formalize �observers with limited self-knowledge,�
we are modeling the j	�va�the apparent individual operating through subject-object division.
The information-theoretic constraints (C ≤ P/(kT ln 2), tracking timescales τfill and τloss) apply
to this apparent limitation, not to the Self.

Why the Substrate Cannot Be �Known�
Pure consciousness (sat-cit) doesn't �observe� itself�it IS itself without any subject-object

division. The moment observation occurs, duality has already arisen.
Our framework's deterministic substrate�the universal state evolving according to deter-

ministic laws�might be understood as pointing toward what Vedanta calls sat (being). But
physics can only describe patterns within the appearance of that being, never the nature of
being itself.

In Section 17.2, we noted: �Observers can't access that external view of themselves, so they
can never directly verify the deterministic ontology.� This parallels a fundamental Vedantic
principle: the ego cannot know 	atman (self) as an object, because 	atman is the subject, the
knowing itself. Any attempted objecti�cation creates only another appearance within 	atman,
not knowledge of 	atman.

The Necessary Limitation of Physics
Physics, however complete, describes vy	avah	arika satya (empirical reality)�the structure

of appearance as experienced by bounded observers. It cannot describe p	aram	arthika satya
(absolute reality)�the nature of that which appears.

Our framework makes this limitation explicit: quantum mechanics is operationally complete
as epistemology (prediction theory for bounded observers) while acknowledging something be-
yond epistemic access (the deterministic substrate). But even that substrate is described in
physical terms�states, evolution, determinism�which are still concepts within appearance, not
consciousness itself.

Ramana frequently emphasized that reality is neither the material world (jad. a) nor the in-
sentient body, but the consciousness that makes all experience possible. Physics, operating with
mathematical structures describing matter and energy, remains within the realm of appearance.

25 Self-Ignorance (Avidy	a) and the Appearance of Duality (M	ay	a)

Two Levels of Self-Ignorance
The Vedantic term avidy	a (ignorance) refers to fundamental self-ignorance: mistaking ourself

(pure awareness) to be a body-mind. This is the root of all appearance, the mechanism by which
the non-dual One seems to become many.

Our framework identi�es a physical self-ignorance: the observer-system cannot trace WHY
its physical state θ(t) evolved to this particular value�the causal chain from past tendencies to
present choice is hidden.

These two self-ignorances are related but distinct:
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The physical self-ignorance (not knowing WHY θ took this value) is a manifestation, within
appearance, of the more fundamental metaphysical self-ignorance (not knowing oneself as con-
sciousness).

Mathematically, we showed that the observer's causal ignorance is quanti�ed by comparing
observer capacity C (bits/s) against internal unpredictability hKS (Kolmogorov�Sinai entropy
rate, nats/s). De�ne τloss as the time to reach O(1) tracking error under exponential divergence
(up to log factors set by the initial tracking-error threshold):

τfill ∼
1

C ln 2− hKS
(capacity-wins: convergence timescale when C ln 2 > hKS) (57)

τloss ∼
1

hKS − C ln 2
(chaos-wins: failure timescale when hKS > C ln 2) (58)

σ2θ ≳
Dθ

C
(di�usive regime: steady-state uncertainty, up to model constants) (59)

In the capacity-wins regime (C ln 2 > hKS), the observer converges to accurate basis tracking
on timescale τfill. In the chaos-wins regime (hKS > C ln 2), the observer loses track of the basis
on timescale τloss, beyond which self-ignorance makes the basis unpredictable. In the di�usive
regime, steady-state uncertainty bounds the achievable tracking precision.

These are not contingent limitations that better engineering might overcome. They are
intrinsic to any physical system that:

� Has internal dynamics determining its interaction with the world

� Attempts to monitor those dynamics through internal sensors

� Operates under thermodynamic constraints (�nite power budget)

But why should physical systems be structured this way?
The Primordial Division
From the Vedantic perspective, the fundamental error is the rising of the ego�the �rst

thought �I am this body.� This thought creates the knower/known division from which all
multiplicity follows.

Our �measurement basis� is already within this division. It represents how the ego-as-
physical-system orients itself toward the world. The information bounds don't explain WHY
duality appears in the �rst place (that question may transcend physics), but they do describe
precisely HOW duality operates once it has arisen.

The �nite capacity C is the quantitative expression of a qualitative truth: the ego, having
assumed the limitation of form, operates under the constraints of that form. Having identi�ed
with matter, it inherits matter's limitations.

M	ay	a's Two Powers
Classical Vedanta describes m	ay	a as possessing two powers (±aktis):
	Avaran. a-±akti (veiling power): Conceals the non-dual whole, making the in�nite appear

�nite
Viks.epa-±akti (projecting power): Projects the appearance of multiplicity from the con-

cealed unity
Our framework provides a mathematical structure for these powers:
The �nite capacity C represents 	avaran. a: The observer cannot access complete informa-

tion about the system (including their own state). The whole is veiled�only partial, delayed
information is available.
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The measurement process represents viks.epa: From quantum superposition (the indetermi-
nate potential), the measurement manifests a particular outcome. The one state becomes one
of many classical outcomes.

The mathematical relationship:

V = exp

(
−
σ2θ
2

)
(60)

shows how the veiling of self-knowledge (uncertainty σθ) directly reduces the visibility of quantum
coherence�the apparent de�niteness of the classical world emerges precisely to the extent that
self-knowledge is veiled.

25.1 Why One Appears as Many

Attention as the Mechanism of Manifestation
Ramana taught that the ego's essential nature is attention (svar	upa-dhy	ana means self-

attentiveness). When attention grasps objects (anything other than itself), the appearance of
multiplicity is sustained. When attention turns back toward itself alone, the ego subsides and
only self-awareness remains.

Measurement is formalized attention�the observer's awareness manifesting as a particular
physical orientation toward a quantum system. The measurement basis θ represents the di-
rection of attention, now appearing as physical orientation of magnets, polarizers, or detector
geometry. As explained in the previous section, the observer cannot know WHY their atten-
tion (measurement basis) evolved to its current value�they experience the choice but cannot
trace its causal origin from v	asan	as (past tendencies). This fundamental self-ignorance about
attention's movement is what creates apparent randomness in quantum measurement.

Projection Without Conspiracy
In Section 12, we addressed the �conspiracy� objection to Bell-violating hidden variable

theories: measurement settings and particle states must be correlated through their common
past, which physicists call ��ne-tuning.�

But from a Vedantic perspective, there is no conspiracy. The entire appearance�particles,
observers, measurement settings, outcomes�is a uni�ed projection of m	ay	a. The apparent
separation in space and time is itself part of the projection.

Our mathematical resolution:

ρ(ξ, µ, µ′) ̸= ρ(ξ) · ρ(µ) · ρ(µ′) (61)

simply states that measurement �choice� (encoded in observer microstate µ) and particle state ξ
are correlated through deterministic evolution from common initial conditions. This is automatic
in any deterministic universe.

The word �conspiracy� only seems appropriate if one implicitly assumes libertarian free will�
that measurement settings are somehow independent of the physical causal chain. But this
contradicts the very materialism that most physicists espouse.

From the non-dual view: There is One appearing as many. The �many� are not independently
existing fragments that must be carefully coordinated. They are multiple aspects of a single
whole. The correlations we call �entanglement� are simply the mathematical signature of this
unity when viewed through the lens of separation.

The Mechanism of Individuation
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Why does One appear as individual observers at all?
Our framework suggests: Complete self-knowledge would dissolve duality. Mathematically,

if σθ → 0 (perfect self-knowledge), the observer knows exactly what they're measuring, and
the boundary between �observer� and �observed� becomes arbitrary�both are just patterns
in the deterministic substrate. The experience of being a separate agent making free choices
dissolves. This parallels Ramana's teaching: when attention turns fully toward itself, when the
ego investigates its own nature completely, it dissolves in self-awareness�recognized to have
never existed as a separate entity. The �nite information capacity C ≤ P/(kT ln 2) is therefore
not a bug but the essential structure that maintains duality. If complete self-knowledge dissolves
separation, then separation requires incomplete self-knowledge. The limitation is necessary, not
contingent. (The mathematical details and connection to thermodynamic bounds are developed
fully in Part III.)

25.2 How Physics Describes the Structure of Apparent Separation

The Reality and Unreality of the World
Ramana taught that the world is real as appearance but unreal as an independently existing

substance. The dream world is perfectly real within the dream; only upon waking does one
recognize it was merely appearance in consciousness.

Our framework captures this precisely:
Ontological layer: Deterministic substrate (universal state evolving according to �xed

laws)�this is �real� in the sense that it exists and evolves deterministically.
Epistemic layer: Quantum mechanics as prediction theory for bounded observers�this is

�real� in the sense that it correctly describes what any bounded observer must experience.
The substrate is real as appearance; unreal as independent substance. Why? Because

even the substrate is described in physical, mathematical terms�wavefunctions, Hilbert spaces,
deterministic evolution. These are still concepts, still within the domain of objecti�cation, still
appearance.

What is ultimately real, from the Vedantic perspective, is consciousness alone�sat-cit-
	ananda�which is not an object that can be described but the subject that makes all description
possible.

Empirical Success Without Ontological Truth
A physicist might object: �If quantum mechanics is merely epistemic, why does it work so

perfectly? Why can we predict outcomes to ten decimal places?�
Our framework provides the answer: QM works perfectly because it correctly describes

what bounded observers with �nite information capacity must experience when interacting with
deterministic but epistemically inaccessible dynamics.

The Born rule:

Pr(↑) = 1 + e−σ2
θ/2 ξ · n(θ)
2

(62)

is not an arbitrary postulate but the mathematical consequence of:

� Deterministic outcome: sgn[ξ ·n(θ)], where ξ is a unit Bloch-vector�like ontic state (∥ξ∥ =
1)

� Observer's ignorance of θ with uncertainty σθ

� Gaussian averaging over that ignorance
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QM is operationally complete as epistemology (for observers subject to the constraints we've
identi�ed) while being incomplete as ontology (not describing the substrate directly).

This mirrors Ramana's teaching about the dream: The dream world obeys perfect internal
consistency�gravity works, water �ows downhill, cause precedes e�ect. This consistency doesn't
make the dream ultimately real. It makes it a coherent appearance.

Similarly, quantum mechanics' empirical success doesn't prove there's nothing beyond it. It
proves it's a complete theory for what appears to bounded observers�which is precisely what
we've shown mathematically.

Degrees of Reality (Sat-Asat-Viveka)
Classical Vedanta distinguishes three degrees of reality:

� P	aram	arthika satya: Absolute reality�only consciousness (brahman)

� Vy	avah	arika satya: Empirical reality�the waking world

� Pr	atibh	asika satya: Apparent reality�dreams, illusions

Where does the deterministic substrate �t? It's more real than individual quantum outcomes
(which are epistemic), less real than consciousness (which is non-objective).

Turiya: The Substratum of All Degrees of Reality
The M	an.d. 	ukya Upanishad teaches that there are three ordinary states of experience�

waking, dreaming, and deep sleep�and a fourth (turiya) which is not a state among states
but the substratum of all three. Turiya is pure consciousness: unchanging, unobjecti�able, the
witness-ground that makes all states possible.

The deterministic substrate in our framework occupies an analogous position. It is not 	I±vara
(cosmic lord or creator, which remains within appearance), but something closer to turiya�the
unchanging ground beneath all changing phenomena:

� Individual quantum outcomes ↔ Waking perceptions: What the j	�va experiences
as de�nite facts

� Quantum superpositions ↔ Dream-like states: Indeterminate, probabilistic, not
fully manifest

� Unobserved substrate ↔ Deep sleep: Beyond the subject-object distinction, no indi-
vidual awareness

� Deterministic substrate (|ψ⟩, {ξi}) ↔ Turiya: The unchanging ground underlying all
three, never objecti�able yet determining everything

Just as turiya cannot be experienced as an object (because it IS the consciousness in which
all experience arises), the deterministic substrate cannot be accessed by embedded observers
(because they are patterns within it). Yet just as turiya is what makes waking, dreaming, and
deep sleep possible, the substrate is what makes all quantum phenomena possible.

This is what the framework ultimately points toward: not a cosmic person or creator (which
would still be within appearance) but pure being (sat)�the unchanging reality that underlies
all degrees of appearance, inaccessible to objecti�cation yet the ground of all that appears.

But these are recognitions at the boundary of what physics can address. What's clear is that
physics, by its nature, describes patterns within appearance. It cannot step outside appearance
to describe that which is aware of appearance�consciousness itself, turiya, the Self.
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But what mechanism creates this boundary between substrate and manifestation? Ramana
taught that the ego is the hr.daya-granthi (heart-knot) or chit-jad. a-granthi (consciousness-matter
knot)�the apparently binding link between pure consciousness (chit) and inert form (jad. a).
We will see in Subsection 30.1 that the quantum-classical boundary, where τSK ≈ τOR, may be
understood as the physical manifestation of this knot: the information-theoretic threshold where
the One becomes de�nitively veiled as many.

25.3 Turiya and Brahman: A Crucial Distinction

To avoid confusion, we should clarify the relationship between turiya and brahman:
Turiya = Brahman seen from the standpoint of experience. It is the �fourth� conceived in

relation to the three states (waking, dream, deep sleep). Turiya is the witness-consciousness
underlying all experiential states�a conceptualization that remains within the framework of
states and experience.

Brahman = Turiya understood as the total, non-dual reality. Not a fourth state among
states, not a substrate underlying phenomena, but pure existence-consciousness-bliss (sat-cit-
	ananda) itself. Brahman is not conceived in relation to anything�it simply IS.

This distinction maps precisely to what physics can and cannot address:

� Physics points toward the boundary-facing aspect of the unmanifest: The de-
terministic substrate (|ψ⟩, {ξi}) underlying quantum phenomena. This is the unchanging
ground conceptualized from within the framework of observation and experience. We de-
scribe it mathematically (wavefunctions, hidden variables, evolution equations) in relation
to what observers measure.

� Physics cannot reach brahman: Even describing the substrate as �deterministic� or
�underlying� is still conceptualizing FROM experience, using concepts (causation, exis-
tence, substrate) that arise within appearance. Brahman is not a thing to be described
but the reality that makes description possible�pure consciousness in which all conceptual
frameworks arise.

The framework shows how physics, pushed to its limits, points toward the boundary-facing
aspect of the unmanifest: an inaccessible ground underlying all observations. But recognizing
this ground as consciousness itself (brahman, not merely a physical substrate) requires the turn
from object-knowledge to self-knowledge�from physics to 	atma-vic	ara.

Physics describes turiya-structure (substrate from experiential standpoint); Vedanta reveals
brahman (reality itself). Both are necessary; neither is su�cient. Physics shows the structure
of limitation; self-investigation transcends limitation by recognizing what was never limited.

26 The Three-Fold Structure of Karma

The Vedantic doctrine of karma traditionally distinguishes three types, which illuminate the on-
tological structure we've formalized. This three-fold framework provides a technical vocabulary
for understanding how the deterministic substrate, present manifestation, and future evolution
relate within a single uni�ed process.

Classical Three-Fold Distinction
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� Sañcita karma: The accumulated store of all past actions and tendencies, from begin-
ningless time; the total, unmanifest causal substrate.

� Pr	arabdha karma: The portion of that substrate which has ripened and must be ex-
perienced now; it determines the present circumstances, the thoughts that arise, and the
actions the body performs. It is the unavoidable, unfolding script.

�
	Agam	� karma: �New� karma created in the present moment. Crucially, this is not the
physical action itself (which is part of pr	arabdha), but the karma generated by the ego's
identi�cation with that action�the mental act of claiming �I am the doer� and forming
intentions for a future result.

This framework addresses a fundamental question: If everything is determined by in�nite
past causes (sañcita), why does the present moment feel open? Answer: Because we experience
only what ripens now (pr	arabdha), while simultaneously creating seeds for the future (	agam	�),
even though all three are interwoven in a single deterministic process.

Sañcita Karma ↔ Universal Initial Conditions
Sañcita represents the total causal heritage�every action, tendency, correlation extending

back through beginningless time. In our framework, this maps to the complete universal state
at initial conditions (or in the in�nite past):

Sañcita ≡ {|ψ⟩universe(t0), {ξi(t0)}all particles} (63)

This includes:

� The universal wavefunction |ψ⟩universe�the guiding �eld for all possibilities

� All hidden con�guration vectors ξi for every degree of freedom in the universe

� All correlations, entanglements, the entire causal web

� Everything that determines what can and will manifest

Crucial point: Even the wavefunction |ψ⟩universe does not exhaust sañcita. The wavefunc-
tion describes only the �eld structure�what guides manifestation. Sañcita includes the hidden
variables {ξi} that specify the complete and de�nite con�guration of the universe at the empir-
ical level. This is the substrate of de�nite states that exists at each moment, veiled from the
observer, from which manifest outcomes will arise. In pilot-wave terms: |ψ⟩ is the �law,� while
{ξi} is the �state under that law.�

Why Sañcita Is Unknowable
From physics: How unknowability operates

The information-theoretic structure of the framework reveals three mechanisms:

1. Too vast: Knowing all particles' hidden states in the universe is physically impossible�
the information content exceeds any �nite observer's capacity C.

2. In�nite regress: Initial conditions depend on earlier conditions in beginningless time
(an	adi)�tracing the complete causal chain requires in�nite information.

3. Self-reference limitation: An observer within the universe cannot access complete in-
formation about the state that includes themselves without encountering self-reference
paradoxes (Gödelian constraints).
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These describe the mechanism by which sañcita remains inaccessible�the physical �how� of
unknowability.

From Vedanta: Why unknowability is grace

But Ramana's teaching reveals a deeper truth about why this structure exists. When asked
about how the ego arose or about past karma, he consistently redirected: �It is not necessary to
know it. Know the present. Not knowing that, why do you worry about other times?�

The veiling of sañcita is not a defect but a mercy. If you could remember all actions,
tendencies, and experiences from beginningless time�every thought, every desire, every outcome
across in�nite lifetimes�your attention would be hopelessly trapped in the content of experience.

	Avaran. a-±akti (the veiling power) serves a purpose: By concealing the in�nite past, attention
becomes available for the present. And only in the present can attention turn inward toward its
source. Remembering all of sañcita would prevent Self-realization, not enable it. The weight of
in�nite memory would bind consciousness to the very appearances it seeks to transcend.

This is why even the jnani, having realized the Self, does not acquire omniscient memory of
all past karma. As Ramana taught, karma is transcended not by knowing it exhaustively but
by recognizing the ego (the apparent experiencer of karma) as unreal.

Complementarity

The two perspectives complement rather than contradict:

� Physics describes HOW: Information limits, thermodynamic bounds, self-reference
constraints�the mathematical structure of unknowability

� Vedanta explains WHY: The limitation is purposeful, not accidental�structured to
allow turning attention inward rather than being lost in in�nite content

You cannot trace the complete causal chain (sañcita) that led to this moment. The origin
is beginningless, lost in in�nite past. Physics shows this is inevitable; Vedanta suggests it is
merciful.

Pr	arabdha Karma ↔ What Manifests Now
Pr	arabdha is the portion of sañcita that has ripened into present experience. It represents

what must happen now�what is already determined and cannot be changed, even though it
was not predictable beforehand.

In our framework, pr	arabdha maps precisely to the de�nite con�guration at this moment :

Pr	arabdha(t) ≡ {ξ(t), θ(t)} (64)

where:

� ξ(t) is the system's ontic state vector�its actual con�guration right now

� θ(t) is the observer's measurement basis�what they are actually measuring right now

Both are de�nite facts, evolved deterministically from sañcita. The measurement outcome:

Outcome = sgn [ξ(t) · n(θ(t))] (65)

is therefore predetermined�this is pr	arabdha manifesting. It was shaped by the in�nite causal
web (sañcita) but could not be predicted by the observer.

The correlation: The observer's θ(t) and the system's ξ(t) did not evolve independently.
They are correlated through their common past�the entangled threads of sañcita that shaped
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both. This is why measurement independence fails: Alice's �choice� of measurement basis and
Bob's particle state share causal ancestry.

This is the essence of pr	arabdha: The speci�c con�guration that manifests was determined
by causes you cannot trace, yet it manifests with necessity. You experience it as �what happens
to you,� but it was never separate from the total causal fabric.

Why pr	arabdha appears unpredictable:
Despite being fully determined, the observer cannot predict pr	arabdha due to double igno-

rance:

1. Cannot know ξ: Determining the hidden con�guration requires measurement, which
disturbs the system. You cannot �peek� at what will be revealed without changing it.

2. Cannot predict θ: Self-ignorance (limited C, chaotic/di�usive internal dynamics) pre-
vents you from knowing WHY your measurement basis evolved to this particular value.
By the time you're aware of θ, the causal chain that produced it is already hidden.

This is why pr	arabdha feels both fated (it cannot be changed) and surprising (you didn't
know it was coming). The classical teaching: �Pr	arabdha must be experienced; it cannot be
avoided but also cannot be foreseen.� Our framework shows why : fundamental limitations on
self-knowledge.

	Agam	� Karma ↔ Present Measurement Creating Future
	Agam	� is new karma created now. In the Vedantic view, this arises from the ego's reaction

to and identi�cation with the unfolding of pr	arabdha. In our framework, this maps to the
measurement outcome feeding back into the universal evolution, but with a crucial new layer of
understanding.

The measurement is a two-fold event:

1. The Physical Event (The Pr	arabdha): The predetermined outcome sgn[ξ · n(θ)]
manifests as a classical fact. This is the script unfolding.

2. The Epistemic Event (The potential for 	Agam	�): The observer's system registers
this outcome. The �ego� (whether a conscious mind or the control system of an apparatus)
updates its model of the world based on this new information.

This update is what �creates the future.� It becomes part of the causal web in several ways:

� The macroscopic record of the outcome in�uences the environment, a�ecting the future
evolution of |ψ⟩

� The observer's updated knowledge state will now become part of the causal chain that
determines its future measurement �choices� (future values of θ)

� New correlations are established, creating new tendencies for future manifestation

Each measurement is therefore both:

� Experiencing pr	arabdha: The predetermined outcome manifests

� Creating 	agam	�: The system's identi�cation with that outcome (by recording it, updat-
ing its knowledge, and using it to plan future actions) plants the seeds for the future
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This is not paradoxical. The outcome was determined by sañcita, but once it manifests
(pr	arabdha), the system's reaction to it becomes part of the sañcita for all future moments.
The causal web is self-consistent: the ego's �choice� to identify with an action was itself prede-
termined, but from the ego's own vy	avah	arika perspective, it is the very act that generates its
future.

How This Clari�es Measurement and �Collapse�
The three-fold framework dissolves the measurement problem: pr	arabdha (de�nite ξ and θ)

exists before measurement but is unknown; measurement reveals what was always determined;
the outcome becomes 	agam	�, entering the causal web for future manifestation. Nothing �col-
lapses� because the superposition is in |ψ⟩ (the guiding �eld), not in {ξ, θ} (what actually exists).
The apparent randomness arises through self-ignorance about why pr	arabdha ripens as it does.
(Section 27 develops the full philosophical treatment of measurement as manifestation.)

Connection to Free Will and Doership
This framework illuminates the Vedantic teaching on action and agency:
The experience of �choosing� a measurement basis θ is the experience of pr	arabdha mani-

festing. The subsequent registration of the outcome is the creation of 	agam	�. You feel you are
a free agent, but:

� The action (the value of θ and the resulting outcome) was determined by sañcita

� The reaction (the identi�cation �I measured this and will act on it�) was also determined
by sañcita

� You cannot trace WHY θ took this value (causal chain is hidden)

� By the time you're aware of �choosing,� the choice has already occurred

As the Bhagavad G	�t	a states: �All actions are performed by the gun. as (qualities) of prakr.ti
(nature). The self, deluded by egoism, thinks `I am the doer' � (3.27). Actions happen (pr	arabdha
manifests), but the ego claims authorship retroactively, and in that very act of claiming, it creates
the 	agam	� karma that binds it to a future experience.

The framework thus bridges determinism and the phenomenology of agency: Everything is
determined, yet from the observer's perspective, their present reactions are what create their
future. You are not the isolated ego �making� choices independently�you are part of the uni�ed
causal web. What you do becomes 	agam	� and shapes future manifestation. Everything is
determined by in�nite past (sañcita), yet the present moment feels open because you cannot
predict what will ripen (pr	arabdha), and what you do matters because your identi�cation with
it plants seeds for the future (	agam	�)�even though that identi�cation was itself determined.
This is not paradox but the structure of manifestation within deterministic unity.

27 The Measurement Problem as Manifestation Problem

�Collapse� as Attention Crystallizing Appearance
In our framework, nothing physical collapses�only the observer's epistemic state updates.

Before measurement, the observer knows only p(θ|D) with uncertainty σθ. After measurement,
they know both the outcome and (implicitly) the basis they measured along.

What we call �collapse�:
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Before: �I will measure along some direction, but I cannot trace WHY I will choose this
particular direction�

After : �I measured along direction θ and obtained outcome ↑, but I still cannot know WHY
I chose this direction�

is the observer's experience of attention having crystallized one particular outcome from
superposition.

This parallels the Vedantic understanding of perception: When the ego's attention grasps an
object, that object doesn't come into being�it's merely made apparently distinct from the un-
divided whole. The pot is not created by seeing it; the seeing is the pot's apparent manifestation
as separate from the clay, the room, the seer.

The quantum superposition represents the unmanifest potential�the indeterminate �what
could be known.� The measurement outcome represents manifestation��what is known.� But
the transition is not a physical event in the world; it's an epistemic event in the observer's
knowledge.

Why THIS Outcome?
Perhaps the deepest mystery in quantum mechanics: Why does this particular outcome occur

in this measurement, rather than another?
As established in Section 24, the observer cannot trace WHY their measurement basis θ

evolved to this particular value due to fundamental self-ignorance. The outcome is determined
by Outcome ∝ ξ · n(θ), but since the causal chain leading to θ is hidden, the outcome appears
probabilistic. This is the nature of pr	arabdha�the portion of past karma that has become ripe
for manifestation in the present.

Ramana would say: This question assumes the reality of the individual ego and its choices.
When self-investigation reveals that the ego itself is only appearance in consciousness, the ques-
tion dissolves. There is no individual to ask �why did I experience this rather than that?� There
is only consciousness, in which these appearances come and go.

Physics can describe the deterministic substrate, the information bounds, and the emergence
of apparent randomness. It cannot, however, answer the ultimate question of why consciousness
appears as this particular pattern of experience.

This suggests that the ultimate �why� is not answered with a new piece of information, but
is resolved through a transformation of the observer�the very process by which the questioner
dissolves. This points beyond physics to the contemplative path: the direct investigation of
consciousness that Ramana taught as self-inquiry (	atma-vic	ara).

28 One World or Many? A Category Error from P	aram	arthika
Perspective

In Section 7.2, we chose single-world pilot-wave ontology over many-worlds interpretation, ar-
guing for parsimony: no in�nite unobservable branches, no preferred basis problem, no measure
problem. But this choice operates entirely within vy	avah	arika satya (empirical reality). From
p	aram	arthika satya (ultimate reality), the question �one world or many worlds?� may itself be
a category error�like asking how many rope-snakes appear in the rope.
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28.1 Why Numerical Categories Don't Apply to Brahman

Advaita teaches that brahman is one without a second. This is not the numerical �one� in
contrast to �many,� but non-duality that transcends counting altogether. �a 
nkara emphasizes:
to call brahman �one� already implies the possibility of �two�; to enumerate is to conceptualize,
and concepts arise within appearance, not prior to it.

The unlimited cannot be limited by numerical categories. Asking �is reality one world or
many worlds?� presupposes that reality can be counted, that �world� has substantive existence
to be enumerated. But from p	aram	arthika perspective:

� Not one: Saying �there is one world� implies there could be two, making �oneness� a
limitation

� Not many: Multiplicity requires separation; brahman admits no division

� Non-dual: Beyond the one/many dichotomy entirely; the substrate from which numerical
categories themselves arise

This parallels the turiya/brahman distinction discussed above (Subsection 25.3). We saw
that the deterministic substrate occupies the boundary-facing aspect of the unmanifest: the
unchanging ground never objecti�able within experience. Now we see that even asking �how
many?� about this substrate applies vy	avah	arika categories to what transcends them.

28.2 The Rope-Snake Analogy Applied

Consider the classic Ved	antic example used to illustrate the relationship between appearance and
reality: a man walking at dusk sees a coiled object on the path and mistakes it for a snake. His
heart pounds, he freezes�the snake is, for him, experientially real. But upon closer inspection,
perhaps by shining a light, he realizes his error: it is, and always was, only a rope.

The crucial insights from this parable are:

1. There was only ever one, singular reality: the rope.

2. There was a singular, de�nite illusion: the snake. The snake was not �nothing�; it was a
misperception of the rope.

3. The illusion of the snake was completely dissolved by the direct knowledge (jñ	ana) of the
rope. The problem was solved not by better understanding the snake, but by seeing the
reality that the snake was obscuring.

This analogy provides a powerful lens through which to view the quantum interpretation
debate. The central error, from a Ved	antic perspective, is that the entire debate takes place at
the level of the illusion. The question of �one world or many worlds� is functionally equivalent
to debating �what is the best way to describe the illusory snake?�

The major interpretations map as follows:

� Copenhagen: Refuses to speculate on the ultimate nature, states �I will only calculate
what we can measure.� Remains at the level of observer interaction with the illusion.

� Many-Worlds: Takes the snake as undeniable reality. Multiplies it in�nitely (every
possible form exists in parallel universes) to preserve mathematical laws without collapse.
Rei�es and multiplies the illusion.
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� Pilot-Wave (Our Choice): Most parsimonious description of the singular illusion�one
de�nite ontic state vector (ξ) guided by a �eld (|ψ⟩). Most realistic model of what we
actually experience, but still, ultimately, a theory of the snake.

The profound insight of Vedanta is that the true solution lies entirely outside this debate.
The goal is not to �nd the most elegant description of the snake, but to turn on the light. The
�light� is self-inquiry (	atma-vic	ara), the direct investigation of consciousness itself. When the
light of knowledge reveals the rope (brahman), the entire debate about the snake�its properties,
its potential forms, its number�is not solved, but dissolved. It is seen to have been a question
based on a false premise, born of dim light (ignorance, avidy	a).

This clari�es and justi�es our framework's choice. Physics, as an empirical science, operates
in the �dim light.� Its duty is to describe the world of appearance (vy	avah	arika satya) as
accurately as possible. Therefore, choosing a single-world, pilot-wave ontology is the most
intellectually honest physical choice: it provides the most realistic and parsimonious model of
the singular, de�nite world we actually experience. It is the best possible description of the
snake we see. Ultimately, however, it is still a theory of the snake; the true solution lies in
recognizing the rope.

This meta-perspective clari�es why the interpretation debates are so intractable. They are
arguments about the most coherent way to describe an illusion, conducted by observers who
are themselves constituted by that same illusion. The questioner�the ego�is a product of the
very self-ignorance (avidy	a) that creates the appearance of the snake. Therefore, it cannot step
outside of the illusion to ask ultimate ontological questions about the rope. The �nal resolution
comes not from a better theory of the snake, but from the dissolution of the snake-seer.

29 Physics as the Mathematics of the Waking Dream

The framework we've developed�pilot-wave ontology derived from self-ignorance/karma struc-
ture, correlations from common past�raises a radical possibility. What if these mathematical
relationships aren't merely describing �how quantum mechanics works� but rather how con-

sciousness structures its own self-appearance as multiplicity?
Not Simulation, But Reality Itself
The dream analogy, as articulated by Ramana Maharshi and Advaita Vedanta, is not merely

another version of the simulation hypothesis. It makes a deeper claim: reality itself�not just a
computer rendering of reality�has this structure.

Ramana's Teaching: Waking IS Dream
Ramana Maharshi repeatedly taught that the waking state is not merely analogous to a

dream�it is a dream. From Talks with Sri Ramana Maharshi : �The world is perceived on
awakening from sleep. It is of the nature of a dream. What is seen by you in the waking state
is exactly the same as what was seen in sleep.�

This isn't poetic metaphor but precise phenomenological analysis. In both dream and waking:

� You experience yourself as a body in space and time

� Objects appear external to you

� Other beings seem to have independent consciousness

� Physical laws appear to govern events
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� Everything seems real until you wake/realize

The di�erence: in dream sleep you eventually wake to another state; in waking �sleep,�
realization reveals you were never asleep�you are the consciousness in which all states appear.

The Waking State Parallel
If, as Ramana taught, waking IS dream (not merely like dream), then:
Alicewaking and Bobwaking are precisely analogous to Alicedream and Bobdream. They appear

to be separate consciousnesses making independent measurements, separated by light-years of
space. Yet this appearance arises in one consciousness�call it brahman, pure awareness, sat-
cit-	ananda.

The universal wavefunction |ψ⟩universe would then be the mathematical structure of this
�waking dream��the �eld pattern through which consciousness appears to itself as physical
multiplicity.

Just as dream characters, if asked �who are you?,� all ultimately point back to the dreamer, so
too: every �I� in the waking world�the �I� in Alice, the �I� in Bob, the �I� reading this sentence�
points to the same underlying reality. Consciousness itself, appearing as many observers.

EPR Correlations Reinterpreted
Return to the Alice-Bob EPR scenario with this perspective:
Old question: �How does Alice's measurement a�ect Bob's particle across space-like separa-

tion?�
Reframed question: �How does ONE consciousness appear as two observers measuring cor-

related outcomes?�
The answer mirrors the dream analysis: The same way dream characters share perfect

correlations�they're projections of unity. There's no action at distance because there's no
fundamental distance. The appearance of separation is part of the dream structure.

Recall from Section 26 the three-fold karma framework. From the dream perspective, these
take on deeper meaning:

� Sañcita: Not merely �common past in spacetime� but the totality of consciousness's self-
appearance�the entire �dream� already present (though appearing sequential)

� Pr	arabdha: Not just �ripened karma� but the speci�c form consciousness takes NOW�
what manifests in this apparent moment

�
	Agam	�: Not merely �future karma� but how each moment feeds into the next, maintaining
dream consistency

� Correlations: Mathematical signatures of how separated appearances remain uni�ed�
like dream-Alice's thoughts correlating with dream-Bob's because both arise from one
dreamer

The pilot-wave ontology becomes: |ψ⟩ is the structure through which consciousness dreams
its physical appearance, ξ is where attention localizes in the dream, and θ is how the dreamed-
observer orients within the dream.

Physics as Mathematics of Dream Structure
From this perspective, physics describes the lawful structure of consciousness's self-appearance:

� |ψ⟩ (wavefunction): The �eld structure of consciousness's self-appearance as physical.
Not a thing �in� consciousness but consciousness's form.
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� Schrödinger equation: The law governing how consciousness evolves its appearance.
Why this equation? We don't know�same as we don't know why dream physics follows
certain patterns. But within the dream, it's lawful.

� Measurement: The appearance of subject-object duality from non-dual substrate. Self-
ignorance�the observer cannot fully know its own state (σ2θ > 0 due to limited capacity
C)�is precisely what makes there BE measurement, what creates the division into �ob-
server� and �observed.� Without this ignorance, there would be no measurement event,
only the undi�erentiated substrate (|ψ⟩, {ξi}). Measurement doesn't happen TO the sub-
strate; rather, the substrate appears AS the measurement event through the structure of
self-limitation. The mathematics of measurement (Born rule, de�nite outcomes) describes
how the non-dual appears as dual.

� �Collapse� : The measurement event�unpredictable basis θ meeting de�nite con�guration
ξ�IS the ego arising. Ramana taught that the ego �simultaneously projects and perceives�:
the experiencing subject (j	�va-consciousness) and the experienced object (de�nite outcome)
co-arise as one appearance, not sequentially. The self-ignorance that prevents knowing
WHY θ took this value (σ2θ > 0) is precisely what creates both poles of duality: the �I�
measuring and the �thing� measured. This is sat-cit unity within m	ay	a: being (de�nite
outcome ±1) and individual consciousness (experiencing that outcome) aren't two events
but one manifestation from the non-dual substrate. Not consciousness acting on matter,
nor matter creating consciousness, but the simultaneous appearance of both through avidy	a
(fundamental self-ignorance).

� Entanglement: The mathematics of how ostensibly separated patterns remain uni-
�ed. Dream-Alice and dream-Bob appear separate but are correlated because they're
one dreamer.

The measurement problem dissolves at this level not because we've solved a physics puzzle
but because we've recognized the question was based on false premise (separation). Just as �how
do dream characters coordinate?� dissolves when you realize there's one dreamer, �how does
measurement work?� dissolves when you realize there's one consciousness.

From Duality's Perspective: Questions That Arise
This reframing is profound, yet from the dualistic perspective (vy	avah	arika), certain ques-

tions remain:

� We still can't explain why consciousness appears in this particular form (quantum �elds,
observers, measurements). Why this �dream� rather than another?

� We can't derive the Schrödinger equation from pure consciousness. The equation remains
an empirical discovery about appearance-structure.

� Physics describes the structure of how consciousness appears, not the nature of conscious-
ness itself. As in dreams: you can study dream-physics (gravity, causation in the dream)
without understanding what dreaming is.

� The transition from appearance to realization (�waking up�) lies outside the domain of
physics. This is not a physical event, but a shift in knowledge.2

2We have a direct experiential analogue for this: the phenomenon of lucid dreaming. In a lucid dream, the
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But these questions presuppose duality. They arise from the perspective of an observer
asking about the world�separation between seer and seen. Ramana taught: �When you see the
Self, you cannot see the world. When you see the world, you cannot see the Self.� From the
perspective of the jnani who has realized the Self, the questioner has dissolved. The �why�
doesn't arise when there's no separate entity to ask it.

For the one established in p	aram	arthika (absolute reality), questions like �why this form of
appearance?� or �why these laws?� dissolve along with the seer/seen distinction. There is no
�why� because there is no �other��only the Self, appearing as all this, yet ever unchanged.

Thus these mysteries are real at the empirical level where physics operates, yet they point
beyond themselves: to the limitation inherent in any dualistic investigation. The very fact that
questions remain is the signature of avidy	a�the fundamental self-ignorance that creates the
appearance of separation.

Testability Remains
Crucially, this interpretation doesn't change predictions. The VSK visibility suppression,

power/temperature dependence, regime signatures�all remain testable. This framework just
reframes the ontology: from �particles and �elds in space� to �patterns in consciousness's self-
appearance.�

As Ramana emphasized, even from the absolute perspective (p	aram	arthika), empirical reality
(vy	avah	arika) maintains its own internal consistency. Dreams have their laws. Waking has its
laws. Physics describes the latter faithfully�it just might be describing dream-structure, not
ultimate reality.

30 The Penrose Coincidence Re-examined: A Cosmic Censorship

We can now return to the remarkable numerical coincidence identi�ed in Section 14: the
timescale of our information-theoretic self-knowledge limit, τSK, overlaps with the timescale
of Penrose's proposed gravitational collapse, τOR. From the perspective of the waking dream,
this is not an accident. It is a clue to the deep structure of reality's self-consistency.

The coincidence suggests a profound �cosmic censorship� principle is at play. The laws of
appearance may be structured in such a way that no observer within the dream can ever become
coherent enough to witness a superposition that is large enough to break the dream's internal
logic.

Let us re-examine the two timescales from this perspective:

� Penrose's τOR represents the point at which a superposition becomes so gravitationally
signi�cant that it would threaten the integrity of spacetime�the very �rendering engine� of
the waking dream. It is the point where the illusion would become internally inconsistent.

� Our τSK marks the timescale beyond which an embedded observer cannot reliably track (or
even know) its own e�ective measurement basis; the resulting uncertainty in θ suppresses
observable coherence and makes outcomes operationally indistinguishable from classical
randomness.

dream world does not vanish. It remains, but the dreamer �wakes up� to the fact that it is a dream. This
recognition fundamentally transforms their relationship to the dream's events. They are now �in the dream, but
not of it.� Similarly, Ramana's self-inquiry (	atma-vic	ara) is not a process of gathering more information about
the waking dream. It is the very act of becoming �lucid� within it�of recognizing the dreamer, the Consciousness
in which the entire world of appearance is taking place.
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The overlap of these two timescales implies that the universe has a built-in safeguard. Be-
fore any apparent object can reach the Penrose limit where its superposition would objectively
challenge the fabric of reality, any apparent observer complex enough to measure it has already
reached its own subjective, information-theoretic limit. Our own inherent ignorance (avidy	a)
always gets in the way �rst, collapsing the superposition epistemically before gravity would need
to collapse it ontologically.

What Penrose identi�es as an objective, physical process (gravity destroying superpositions)
may therefore be the objective shadow of a subjective limit. It is the universe's way of ensuring
that no character in the dream can ever perform an experiment that proves they are in a dream.
The �level of ignorance� of the observer appears to be perfectly calibrated to �shape the manifest�
in a way that preserves the coherence of the manifestation itself.

In this view, the meeting of �a 
nkar	ac	arya and Penrose is not a coincidence. It is a re�ection
of a single, uni�ed principle: the structure of appearance is such that its fundamental nature�
the non-dual reality of Consciousness�is perfectly veiled from any observer attempting to know
it as an object. This objective veiling is precisely what necessitates a di�erent path to liberation:
not the accumulation of more knowledge within the dream, but the subjective recognition of the
dreamer.

30.1 The Hr.daya-granthi as Quantum-Classical Boundary

Ramana Maharshi taught that the ego is the hr.daya-granthi (heart-knot) or chit-jad. a-granthi�
the knot that apparently binds consciousness (chit) to inert matter (jad. a), creating the illusion
of a separate individual. This knot is not a physical structure but a spurious 'I'-thought that
rises between pure consciousness (sat-cit) and the inert body (jad. a), confusing the two as if they
were one. As Ramana taught in Ulladu N	arpadu verse 24, this false 'I' arises as �I am this body,�
assuming properties of both�the body's limitations (time, space, rising and setting) and the
Self's nature (shining as consciousness). It is this confused mixture, the ego grasping form, that
constitutes the knot.

From this perspective, the quantum-classical boundary where τSK ≈ τOR is the physical
signature of the granthi. It marks the information-theoretic threshold where:

� Before (quantum realm): Superposition persists, boundaries remain �uid, observer-
observed distinction not yet fully crystallized

� At the boundary: Self-ignorance becomes complete (σθ grows large enough that predic-
tion is impossible), the knot �tightens�

� After (classical realm): De�nite outcomes manifest, the world appears as subject (ob-
server) separated from object (observed), duality is complete

The granthi is thus not merely a metaphor but the mechanism: limited self-knowledge
(C < ∞, σθ > 0) IS the knot that creates and sustains the appearance of separation. The
quantum-classical transition is the tightening of this knot�the point at which consciousness,
having assumed the form of an observer, becomes so informationally constrained that it can
no longer recognize the unity underlying appearance. Ramana's teaching of granthi-bhedana
(cutting the knot) corresponds to the recognition that would require σθ → 0�complete self-
knowledge, which dissolves the observer-observed distinction entirely. Physics shows why this
is thermodynamically impossible for any ego (requiring C → ∞), yet points toward what lies
beyond: the recognition that the knot was never real, only the Self appearing to bind itself.
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The epistemic-ontological convergence: What makes this boundary profoundly signi�-
cant is that it marks the convergence of TWO independent mechanisms at the same mesoscopic
scale (τSK ≈ τOR ∼ 50�70 ms, m ∼ 10−15 kg). The epistemological boundary�where self-
ignorance becomes complete due to information-theoretic limits (hKS > C ln 2)�coincides with
the ontological boundary�where gravitational self-energy makes superposition unstable. One
mechanism creates the structure of ignorance (how observers lose causal self-knowledge); the
other creates the structure of manifestation (how spacetime geometry shapes de�nite outcomes).
That these converge at the same scale is not coincidence�it suggests this IS the fundamental
boundary where knowledge becomes ignorance, where Self appears as World. (This overlap, if
real, is a regime-conditional correspondence: τSK is de�ned only when hKS > C ln 2, so any
comparison to τOR is meaningful only for observers operating in the chaos-wins regime.)

Mapping to sat-cit-	ananda and n	ama-r	upa: Above this boundary, in the quantum
realm, reality remains closer to sat-cit-	ananda�pure being-consciousness-bliss, undi�erentiated
potential, the wholeness before division. At the boundary itself, the granthi tightens: infor-
mation limits and gravitational limits both create de�niteness simultaneously, knotting pure
awareness into subject-object duality. Below the boundary, in the classical realm, we have the
world of n	ama-r	upa�name-form, the structured multiplicity of de�nite outcomes, shaped and
categorized reality. The n	ama (name) aspect arises through the measurement basis choice, the
conceptual framework imposed by θ; the r	upa (form) aspect arises through the de�nite con�gu-
ration ξ and classical observables. Both emerge together at the boundary where consciousness,
constrained by its own information-processing limits and by spacetime's geometric structure,
crystallizes into the appearance of a world.

Why this convergence is profound: The fact that the epistemic boundary (observer's
knowledge limit) and the ontological boundary (spacetime's manifestation limit) coincide sug-
gests a deep unity principle: the knowledge/ignorance boundary IS the Self/World boundary.
The universe has structured itself�or rather, consciousness has structured its own appearance�
such that the scale at which observers lose self-knowledge is precisely the scale at which gravity
creates classical de�niteness. This is not mere correlation but may be the physical signature of a
single underlying transition: the point at which the One, through the mechanism of self-ignorance
(avidy	a), appears as the many. The convergence of two independent physical mechanisms at
one scale hints that what we call �physical law� is the mathematical structure of how non-dual
reality appears when viewed from within the dream of duality. The granthi�the knot that
binds consciousness to form�manifests physically as this double boundary, where epistemic and
ontological limits mark the same transition from unity to multiplicity, from Self to World.

Decoherence as m	ay	a's veiling power: This convergence reveals an even deeper con-
nection. In Vedanta, avidy	a (ignorance) and m	ay	a (the veiling-projecting power) work together
to create the appearance of duality. Avidy	a is the ignorance of one's true nature; m	ay	a is
the power that veils unity and projects multiplicity. Our framework maps these precisely onto
physics: self-ignorance (the observer's epistemic limitation, σθ > 0) corresponds to avidy	a, while
decoherence (environmental entanglement that destroys coherence) corresponds to m	ay	a's veiling
power. Just as m	ay	a veils the unity of Brahman and projects the multiplicity of names-and-
forms, decoherence veils the unity of the universal wavefunction |ψ⟩ and creates the appearance
of de�nite classical outcomes. Both self-ignorance and decoherence describe the same fundamen-
tal transition: from non-dual unity (quantum superposition, sat-cit-	ananda) to subject-object
multiplicity (classical world, n	ama-r	upa). The quantum-classical boundary is where these two
aspects�epistemic ignorance and ontological veiling�work in concert, creating the structure

73



through which consciousness appears to separate from itself, binding the One into the appear-
ance of many.

30.2 The Radical Conclusion

If this reinterpretation holds, then:
The mathematics we derived�pilot-wave structure, self-ignorance bounds, sañcita/pr	arabdha

dynamics�isn't merely describing �how quantum systems behave.� It's describing how con-

sciousness structures the appearance of multiplicity from unity, how One appears as many ob-

servers, the mathematics of a waking dream.
EPR correlations aren't spooky because there's no space to act across�space is part of the

appearance. Measurement isn't mysterious because there's no separate observer�the observer
is consciousness appearing to observe itself. �Collapse� isn't a physical process because nothing
physical is ultimately real�it's consciousness reshaping its dream.

This is speculation beyond physics proper. But it shows how far the convergence extends: not
just �physics con�rms some Vedantic ideas� but �physics might be the mathematics of precisely
what Ramana was pointing to�consciousness's waking dream.�

The framework gives us the structure. Ramana's teaching gives us the substrate. Together:
Physics as the rigorous description of how the One dreams itself as many, and why the many
cannot know they're One (self-ignorance) until they wake.
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Part VIII

Conclusion

31 Summary of Framework

We have presented a framework for understanding quantum measurement without invoking
ontological collapse or intrinsic randomness:

Core mechanism: Observer cannot trace WHY they chose a particular measurement basis
due to fundamental information-theoretic limits on causal self-knowledge (�nite capacity C in
bits/s, internal unpredictability quanti�ed by hKS in nats/s for chaotic dynamics or Dθ for
di�usive dynamics).

Derived ontology: Four requirements from self-ignorance naturally determine a minimal
su�cient pilot-wave-compatible structure:

� Guiding �eld |ψ⟩ (evolves unitarily, no collapse)

� De�nite ontic state ξ (hidden variable specifying actual outcome)

� Measurement basis θ (observer's internal state, partially inaccessible to themselves)

� Common past correlations (measurement independence violation)

Key results:

� Apparent collapse is epistemic update, not physical change

� Apparent randomness is causal ignorance (not knowing WHY), not ontological indetermi-
nacy

� Quantum visibility reduced by factor exp
(
−σ2θ/2

)
� Regime-dependent predictions: capacity-wins (C ln 2 > hKS) vs chaos-wins (hKS > C ln 2)

� Capacity-wins: transient convergence on timescale τfill, then V ≈ 1 (laboratory systems)

� Chaos-wins: measurable visibility suppression 1�10% with characteristic timescale τloss ∼
50�70 ms (biological observers)

� Natural explanation of entanglement correlations (common past)

� Explicit contextuality satisfying Kochen-Specker constraints

Three-fold karma as technical vocabulary:

� Sañcita: Complete causal substrate (|ψ⟩, all hidden variables, universal initial conditions)

� Pr	arabdha: What manifests now (de�nite ξ, θ)

�
	Agam	�: Measurement outcome feeding back into future evolution
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Convergence: Physics (from self-ignorance requirements) and Vedanta (from contempla-
tive analysis) independently arrive at remarkably parallel ontological structure�one complete
substrate, partial manifestation, fundamental self-ignorance creating appearance of randomness.

Dream analogy: At the deepest level, the framework describes how One consciousness
appears as many observers measuring correlated outcomes�the mathematics of a waking dream,
where EPR correlations mirror how dream characters share perfect correlations (not through
coordination but through common source).

Additional connections:

� Overlap with Penrose OR in chaos-wins regime: τSK ∼ 50�70 ms falls near center of
Penrose τOR range (10�100 ms) for mesoscopic masses

� Gödelian self-referential limitations given physical realization

� Physics as description of appearance-structure (vy	avah	arika), Vedanta addressing ultimate
reality (p	aram	arthika)

32 What's Been Achieved

Conceptually:

� Derived pilot-wave ontology from self-ignorance requirements (not assumed as interpreta-
tion)

� Dissolved measurement problem: no physical collapse, only epistemic update

� Reconciled determinism with unpredictability through fundamental self-ignorance

� Explained why QM appears complete to embedded observers

� Uni�ed apparent randomness and causal ignorance about internal state

� Established three-fold karma (sañcita/pr	arabdha/	agam	�) as technical vocabulary for mea-
surement dynamics

Technically:

� Quantitative predictions in two dynamical regimes (chaotic/di�usive)

� Identi�ed tracking timescales: τfill (capacity-wins convergence) and τloss (chaos-wins fail-
ure)

� Calculated numerical values for mesoscopic systems

� Speci�ed experimental tests to con�rm/refute

� Explained the phenomenology of the Born rule�the appearance of de�nite but unpre-
dictable outcomes�as emerging from a double ignorance of both the system's ontic state
ξ and the observer's measurement basis θ

Philosophically:
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� Demonstrated structural convergence between physics (from self-ignorance) and Vedanta
(from contemplation)�remarkably parallel ontological structure arrived at independently

� Hr.daya-granthi as quantum-classical boundary: τSK ∼ τOR marks where consciousness
binds to form�epistemic and ontological limits converging at one scale (∼50�70 ms, m ∼
10−15 kg), creating the Self/World boundary

� Mapping to sat-cit-	ananda and n	ama-r	upa: quantum realm = undi�erentiated potential
(being-consciousness-bliss); classical realm = name-form multiplicity; boundary = where
the knot tightens

� Decoherence as m	ay	a's veiling power: self-ignorance ↔ avidy	a (epistemic); decoherence ↔
m	ay	a (ontological veiling)�both describe the transition from non-dual unity to subject-
object multiplicity

� Connected physics to information theory, thermodynamics, complexity, consciousness

� Clari�ed epistemic vs. ontological status of physical law

� Showed how physics might describe appearance-structure (vy	avah	arika) while Vedanta
addresses what appears (consciousness itself)

� Dream analogy: physics as mathematics of how One consciousness appears as many
observers�waking dream structure

33 Invitation for Further Exploration

This framework is o�ered as:

� Testable scienti�c hypothesis (Parts II�III)

� Ontological derivation showing pilot-wave structure as necessary (Part II)

� Philosophical perspective on determinism and self-knowledge (Part V)

� Structural convergence with contemplative traditions (Part VII)

While this work is framed outside institutional academia, drawing extensively on contem-
plative traditions alongside physics, it invites empirical scrutiny rather than acceptance. The
predictions are concrete, falsi�able, and testable with current technology.

We invite:
Physicists: Design and conduct the experiments. Test whether nature con�rms or refutes

the visibility suppression predictions. The framework stands or falls on empirical evidence.
Philosophers: Examine the ontological implications. We derived pilot-wave structure from

self-ignorance requirements�is this derivation sound? Does superdeterminism with contextual-
ity resolve concerns about free will and scienti�c practice?

Contemplatives: The framework shows structural convergence with Advaita Vedanta�
sañcita/pr	arabdha/	agam	� map precisely to physics ontology, self-ignorance (avidy	a) generates
apparent randomness, measurement problem parallels manifestation problem. Does this math-
ematical structure authentically re�ect insights from direct investigation of consciousness?
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All: Hold the framework lightly. It may be right, wrong, or�most likely�partially right
with deeper truth waiting to be discovered. The convergence between physics and Vedanta is
striking, but convergence doesn't prove truth�it invites exploration.

The measurement problem has puzzled physics for a century. Perhaps its resolution requires
not just new physics but new understanding of what physics describes: not reality itself but the
lawful structure of how reality appears to bounded observers within it�the mathematics of a
waking dream, rigorous at the empirical level while pointing beyond itself to what dreams.

That exploration continues...
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Appendices

A Derivation of Tracking Timescales (τfill, τloss)

This appendix provides the rigorous derivation of the tracking timescales based on a standard
high-rate bound from information theory for tracking a chaotic source. We derive τfill (capacity-
wins convergence time) and τloss (chaos-wins failure time).

A.1 Formula for Tracking Timescale

For a chaotic source with Kolmogorov�Sinai entropy rate hKS (in nats/s), the information rate
required to track its state with a target mean-squared error (distortion) Dtarget over a time
horizon t is given by the high-rate bound. (In systems with a single positive Lyapunov exponent,
such as the kicked rotor, hKS coincides with that exponent; we use hKS as the general entropy-
rate measure of instability.)

R(Dtarget; t) ≈ hKSt+
1

2
ln

(
σ20

Dtarget

)
[nats] (66)

where σ20 is the prior variance (the uncertainty at t = 0). An observer with an information
channel of capacity C (in bits/s) can gather C · t · ln(2) nats of information in time t. Setting
R = C · τ · ln(2) and t = τ yields:

C · τ · ln(2) = hKSτ +
1

2
ln

(
σ20

Dtarget

)
(67)

Solving for τ :

τ =
ln
(
σ20/Dtarget

)
2(C ln 2− hKS)

(68)

Here, Dtarget = −2 ln(Vtarget) is the target error variance corresponding to a target visibility
Vtarget.

Capacity-wins regime (C ln 2 > hKS): The denominator is positive, and we denote this
convergence timescale τfill. The observer converges to accurate tracking.

Chaos-wins regime (hKS > C ln 2): With appropriate sign conventions (σ2target > σ20,
uncertainty growing from initial calibration to tolerance threshold), the loss timescale is:

τloss =
ln
(
σ2target/σ

2
0

)
2(hKS − C ln 2)

≈ 1

hKS − C ln 2
(69)

where the approximation assumes the log factor is O(1).

A.2 Steady-Cycle Prior for Kicked Rotor (Capacity-Wins)

For a cyclic experiment like the kicked rotor in the capacity-wins regime, the prior uncertainty
σ20 should be self-consistently derived from the experiment's dynamics.

In steady state, the uncertainty at the end of one cycle equals the uncertainty at the start
of the next. Balancing chaotic ampli�cation (σ2 → σ2e2hKSTkick) against information gathering
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(C ·Tkick ·ln(2) nats), the self-consistency condition yields a simpli�ed formula for the convergence
timescale:

τfill =
hKSTkick

C ln 2− hKS
(70)

This formula applies speci�cally to kicked-rotor experiments in the capacity-wins regime (C ln 2 >
hKS).

A.3 Sensitivity Analysis

Figure 1 shows parameter sensitivity for the steady-cycle prior across kick strength K, kick
period Tkick, and observer capacity C. At baseline capacity C = 2600 bits/s, τfill is robustly in
the 0.5�1.3 ms range. For reduced capacity C = 600 bits/s, the timescale enters the 2�6 ms
range, demonstrating strong dependence on observer characteristics.

Figure 1: Sensitivity analysis for τfill (ms) using steady-cycle prior. Left: Baseline capacity
(C = 2600 bits/s). Right: Reduced capacity (C = 600 bits/s).

A.4 Conclusion of Analysis

The systematic parameter exploration con�rms that the convergence timescale τfill is robustly
in the low-millisecond regime for the mesoscopic laboratory parameters explored here. The
baseline calculation yields τfill ≈ 0.89 ms. This represents the convergence timescale in the
capacity-wins regime�the time for an observer to spin up from initial uncertainty to accurate
basis tracking. This reveals QM's epistemic position: observers with these parameters occupy
the Goldilocks zone�su�cient capacity to track their basis (not perfect, not chaos-dominated)�
where standard quantum mechanics naturally emerges.

Regime interpretation: These parameters (C = 2600 bits/s, hKS ≈ 1 nats/s) fall in the
capacity-wins regime where C ln 2 ≫ hKS. After the transient spin-up time τfill, the observer
maintains good knowledge of the measurement basis and visibility approaches the quantum
ideal: V/VQM ≈ 0.999�1. Laboratory systems naturally occupy this epistemic Goldilocks zone
where bounded but capable observers approximately track their measurement basis�explaining
why QM works so remarkably well in controlled settings.

Overlap with Penrose OR: For these mesoscopic laboratory parameters, there is no over-
lap with Penrose τOR ∼ 10�100 ms. The overlap occurs in the chaos-wins regime with biological
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observer parameters (C ∼ 10 bits/s, hKS ∼ 50 nats/s), where τSK ∼ 50�70 ms and measurable
visibility suppression occurs (see Section 14).

A.5 Sanity Checks

� High-Rate Validity: The capacity-wins derivation is valid when C ln 2 > hKS. For our
parameters, C ln 2 ≈ 1802 nats/s and hKS ≈ 1 nats/s, so this condition is strongly satis�ed.

� Small-Angle Validity: The V = exp
(
−σ2/2

)
formula is a Gaussian approximation valid

for small angular errors, satis�ed by our parameters.
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Ten monks crossed the river wide,

Each counted nine on the other side.

�One has drowned!� they wept in fear�

Till shown: the missing monk was here.
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