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/Abstract b
We propose an explicitly testable unified framework in which (i) the emergence of defi-nite measurement outcomes
from quantum superposition and (ii) the emergence of conscious, unified experience are treated as two manifesta-
tions of the same metastability-to-stability transition in a structured pattern space. The theory is grounded in two
primitives: dis-tinction acts = (elementary differentiation) and a structuring operator (composition into persistent
organization). Any realizable pattern P is characterized by an integrity functional I(P ) [0, 1] (internal coherence
and resistance to fragmentation) and an effective coher-ence radius R (P ) (correlation length in physical, neural, or
semantic space). Metastable patterns are postulated to satisfy a balance law, I(P )Rc(P) = &, defining a slow man-
ifold whose deviations quantify instability and foreshadow transition events. To encode collapse-like transitions and
outcome/contents selection with minimal topolog-ical complexity, states are represented on a toroidal manifold T 2
with angles (0, ¢), where ¢ is a collapse (stability) order parameter (wave-like at ¢ = m, particle-like at ¢ = 0) and
0 labels branch phase. A harmonic closure postulate 2R = 2nr yields R/r = & without inserting w as a fit parameter,
motivating a universal residual fraction 1/ and a complementary critical integrity threshold C, = I I/z 0.682 for
robust self-referential Patterns of Experience. Dynamics are formulated as noisy relaxation of balance-mismatch,
predicting critical slowing down and a universal critical angle ¢ 21/3 (under the closure hypothesis). Apparent
ran-domness is attributed to phase sensitivity and noise, with outcome probabilities expressed as basin measures in
0, providing a concrete route to Born-like statistics under contextual constraints. The empirical program specifies
operational proxies for I and R  (with explicit calibration to [0, 1]) and proposes falsifiable tests in neuroscience
(EEG/MEG/ECoG; invariance of C, early-warning signals, phase “freezing”) and quantum platforms (context
engineering, weak/continuous measurement, complexity scaling of collapse times). Clear failure modes include sys-
tematic deviation from C,, absence of critical slowing down, and non-clustering of inferred ¢, near 2n/3.
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Introduction of the primitive = (after nondimensionalization). To encode

We propose a unified, explicitly testable framework in which (i)
the emergence of definite measurement outcomes from quantum
superposition and (ii) the emergence of conscious, unified expe-
rience are treated as two faces of a single stability transition in a
structured pattern space. The theory is built from two primitives:
distinction acts = (elementary differentiation) and a structuring
operator (composition into persistent organization). Stable pat-
terns P are characterized by an integrity functional I(P ) € [0, 1]
and an effective coherence radius R (P) (a correlation length in
configuration, neural, or semantic space). We postulate a balance
law for metastable patterns,

I(P)R(P)=§, Q)

where £, > 0 is a convention-dependent scalar representative
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collapse-like transitions and branch selection with minimal to-
pological complexity, we introduce a toroidal state space T 2
with angles (0, ¢): ¢ tracks the order parameter of “collapse”
(wave-like at ¢ = m, particle-like at ¢ = 0) and 6 labels the branch
phase. A geometric closure hypothesis, 2R = 2xr (global diame-
ter equals local circumference), yields R/r = m without inserting
n by hand. This closure naturally motivates a universal residual
fraction 1/m and its complement

-1
1_I=2 o682,

T (2
interpreted as a critical integrity threshold for robust, self-refer-
ential Patterns of Expe-rience (PE). Part I establishes the prim-
itives, observables, and toroidal kinematics with internal con-

Ci=1-
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sistency (including normalization and calibration requirements).
Parts II-III derive dynamics, collapse criticality, and empirical
programs (quantum and neurophysio-logical) with falsification
criteria.

Introduction (Revised)

Quantum mechanics predicts linear superpositions and unitary
evolution, yet laboratory observations yield definite outcomes.
Separately, consciousness presents an “inside view” of unified
experience that is not straightforwardly encoded in standard
physical variables. A unified theory must do more than draw
analogies: it must specify (a) primitive constructs, (b) state vari-
ables, (c) dynamical laws, and (d) falsifiable predictions con-
necting those constructs to measurements.

Xi-Theory motivates a minimal ontology in which reality is gen-
erated by acts of dis-tinction and their stable composition. In
this paper we adopt that stance and introduce two macroscopic
observables that can be estimated across domains: an integrity
func-tional I(P ) and a coherence radius R (P ). We then pro-
pose a compact two-angle state space (a torus) to represent both
(i) the progression from delocalized to localized regimes (col-
lapse order parameter) and (ii) the selection of a specific realized
branch [1].

Scope and Commitments. We distinguish three layers:

1. Kinematics (this Part): definitions, normalization, and
geometric representation of states.

2. Dynamics (Part II): explicit equations of motion, insta-
bility structure, and how probabilities emerge from phase
sensitivity and noise.

3. Operationalization (Part III): neuro- and quantum-exper-
imental proxies, cali-bration, and falsification thresholds.

All central claims are stated in a way that can be invalidated by

data (e.g., failure of cross-subject invariance for C2 under cali-

brated proxies, absence of predicted critical slowing down near
transitions, or mismatch of predicted residual fractions).

Xi-Theory Primitives and Pattern Observables

Primitives: = and

Definition 1: (Distinction act E). An elementary act of differen-
tiation: “this” versus “not-this”. It is treated as primitive (not de-
composed into spacetime operations) and provides the minimal
unit of informational separation.

Definition 2: (Structuring operator ). A universal composition
rule that binds distinction acts into persistent, hierarchically or-
ganized patterns. The composite primitive is denoted =|, empha-
sizing co-arising of differentiation and organization [2].

Patterns and Integrity

Let denote the space of patterns realizable under acting on col-
lections of distinction acts. We require a scalar integrity func-
tional:

Definition 3: (Integrity functional I). A map I : [0, 1] measuring
the degree to which a pattern is internally coherent, self-consis-
tent, and resistant to fragmentation under perturbation.

The [0, 1] normalization is not merely cosmetic: it enables
cross-condition thresh-olds (e.g., C2) and cross-subject compar-
isons after calibration (see Part III). When I is estimated from
data, we denote the proxy by I" and require explicit calibration
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(e.g., logistic/isotonic mapping) to place I" on the same scale as
L

Coherence Radius

Definition 4 (Coherence radius R ). A positive scale parameter
describing the effective correlation length of a pattern—the dis-
tance (in physical, source, graph, or semantic space) over which
interactions remain coherently coupled. Operationally, R _is typ-
ically extracted by fitting a decay law for a connectivity statis-tic
(e.g., coherence or mutual information) versus distance; see Part
IIT for EEG/MEG estimation [3 ,4].

Balance Law (Metastable Constraint)

We postulate that metastable patterns satisfy a trade-off between
internal integrity and global coherence scale:

Axiom 1: (Balance law). For any metastable pattern P in a fixed
measurement convention,

I(P) R (P) = &, A3)
where & > 0 is constant within that convention.

Interpretation: Equation (3) is not assumed to hold for arbitrary
transient configu-rations; rather, it defines a slow manifold (or
attractor family) on which patterns that persist for observation
approximately lie. Deviations quantify instability and foreshad-
ow transitions (collapse/fragmentation). In Part IT we show how
enforcing (3) at leading order yields a natural sensitivity peak
that defines a critical point.

Nondimensionalization (Recommended): To compare across
domains, one may work with R_:= R/R, for a reference scale
R, (e.g., system size, head radius, interferometer baseline), so
&o becomes dimensionless. We keep R_explicit here and absorb
conventions into &o.

Patterns of Experience (PE) and the Threshold C2
Definition 5: (Pattern of Experience (PE)). A pattern P qualifies
as a PE if it is metastable and self-referential in the sense that
I(P) > C, 4)
where C: is a critical integrity threshold.

In this framework, C: is not treated as an adjustable parameter
but as a geometrically motivated constant (Eq. (2)) whose em-
pirical adequacy is testable and falsifiable after proper calibra-
tion of I".

Toroidal State Space: Kinematic Representation

Why a Torus?

A torus T? is the simplest compact manifold with two indepen-

dent, non-contractible cycles. We use these cycles to encode two

logically distinct degrees of freedom:

* an order parameter (¢) describing the regime of a pattern
(delocalized/wave-like vs localized/particle-like; or weakly
vs strongly integrated),

* abranch phase () labeling which definite outcome (or ex-
periential content) is selected when the system becomes
outcome-stable.

Geometry and Metric

Let (6, ¢) [0, 2m) [0, 2m) and consider the standard embedding
with major radius R

and minor radius r (Ry> r > 0). The induced metric is

ds?= R+rcos¢ dbo?+ r*d¢? %)
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The area element is dA = (R +r cos ¢) r dO d$ and the total area
isA,, = 4m°Rr.

State Interpretation of Coordinates

We interpret ¢ as a collapse order parameter and 6 as a branch

phase:

*  Wave-like / non-collapsed regime: ¢ = m (delocalized,
globally coupled, low integrity).

e Particle-like / collapsed regime: ¢ = 0 (localized, out-
come-stable, high in-tegrity).

e Branch selection: 0 labels the realized branch; in a collapse
event, 6 becomes dynamically “frozen” (Part II).

Integrity and Geometric Coherence Radius
We now enforce internal consistency with the above interpreta-
tion.

Integrity as a Bounded Order Parameter. We set
1+cos¢

2 (6)
Geometric Proxy for Coherence Radius: A natural geometric
length scale on the torus is the distance from the axis of revolu-
tion to the tube, i.e.,

p(9) =R —rcos 9, (7
which satisfies p(n) = R + r (maximal global reach) and p(0) =
Rr (minimal global reach), matching the intended wave-like vs
particle-like interpretation.

($) =

Equilibrium Identification: On metastable states, we identify
the effective coherence radius with the geometric proxy:
R () = p(¢) (metastable manifold). ®)
Combining (3), (6), and (7) yields an implicit constraint select-
ing admissible ¢ values:
ltcosg R—rcos¢ =&,

2 (€))
In Part II, this constraint becomes the basis for a stability poten-
tial and the location of maximal sensitivity (the critical point).

Closure Hypothesis and the Emergence of

Self-Similar Closure Condition

We introduce a geometric closurehypothesis expressing self-sim-
ilarity between global and local cycles:

Axiom 2: (Harmonic closure). The diameter of the global cycle
equals the circumference of the local cycle:

2R =2mr. (10)
This yields the dimensionless ratio

R

_ =7

r (11

which is the unique place where n enters the model: it is not
inserted as a fit parameter, but arises from a scale-matching pos-
tulate.

Area Fraction, Residual Band, and the Constant C:
Using the area element from (5), consider the symmetric band

B, :={6,9):p€m-—a,n+a]},0 <a<m (12)
Its area fraction is
fly = AlBe) _ @ _sin&  (pter imposing R/r = ).

Atot b 2 (13)

If we define the residual (irreducible) band by the criterion f (o)

= 1/z, then o solves

sina
a—" =1, o ~ 1.3007 rad (74.5°).

" (14)
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The complementary fraction is therefore

n—1
:—L=—x0.682.

T s

C=1 (15)
Interpretive Statement (to be Tested): We hypothesize that 1/x
corresponds to a universal residual (non-integrable) component
of coherence/uncertainty that persists across stabilized regimes,
while C: is the minimal integrity fraction required for robust
self-referential metastability (PE). This identification is a strong
claim: Part III specifies how it can be supported or falsified via
calibrated integrity proxies 1™ and cross-subject validation.

End of Part I: What Has Been Fixed and What Re-mains

Part I establishes:

e precise primitives (Z, |), patterns P , and observables I(P )
and R (P);

* ametastable balance law (3) interpreted as a slow-manifold
constraint;

* atoroidal kinematic state space with consistent assignments
1(¢) and R (¢) (Egs. (6)~(9));

* a single geometric closure postulate (10) yielding R/r = =
and motivating the constants 1/z and C=

Part IT will specify dynamics, derive the critical angle (instabil-

ity point), and formalize collapse as a bifurcation/first-passage

process on T?. Part III will connect I and R to operational prox-

ies (including calibration) and propose falsifiable experiments in

both quantum and neural settings.

Part 11

Dynamics, Instability, and Probabilistic Outcomes

Overview and Design Constraints

Part I fixed the kinematics: a toroidal state space T> with angles

(6, ¢), an integrity order parameter I(¢) = (1 + cos ¢)/2, and a

geometric coherence-radius proxy

R.(¢) = p(¢p) =R —rcos ¢, (16)

so that ¢ =7 corresponds to low integrity and maximal coherence

radius (wave-like), while ¢ = 0 corresponds to high integrity and
minimal coherence radius (particle-like). Metastable patterns lie
approximately on the balance manifold

() R () = &,

Part II adds dynamics with four explicit goals:

1. provide an explicit order-parameter equation for ¢(t) that
yields a sharp instability at a universal ¢_ under the closure
R/ir=m;

2. formalize collapse as a deterministic instability (bifurca-
tion) whose apparent stochas-ticity arises from phase sensi-
tivity and environmental noise;

3. show how the branch phase 6 selects outcomes and how
Born-like probabilities can emerge as basin-measure state-
ments;

4. derive falsifiable dynamical signatures (critical slowing
down, barrier scaling, com-plexity dependence of collapse
times).

amn

State Variables and Separation of Roles

We treat (0, ¢) as coarse-grained coordinates on T?:

*  O(t) is a slow stability coordinate (collapse order parameter).

* 0O(t) is a fast phase coordinate labeling branch microstate
within a given ¢-regime.

This motivates a time-scale separation 0° ¢  away from the

instability, with 0" slowing (“freezing”) near collapse.
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A Dynamical Principle: Relaxation to the Balance Manifold

Balance Mismatch as a Driving Functional

Define the balance mismatch (dimensionless if R  is nondimen-
sionalized)

A@) = 1) R ($) — &, (18)
We impose that metastable dynamics reduces A in the absence of
strong perturbations. The simplest Lyapunov-consistent choice
is gradient-like relaxation on the scalar func-tional

U($) = AP,
2 (19)
so that U (¢) > 0 and U (¢) = 0 exactly on the balance manifold.

Order-Parameter Dynamics (Langevin Form)
We postulate the coarse-grained stochastic dynamics

d
¢ = —Kd_:: +{(t), @le) =0, (Qe)(tr) = 2D 5(t — t1),

(20)

with k¥ > 0 a mobility and D 0 an effective noise intensity en-

coding environmental coupling and microscopic degrees of free-

dom. This is the minimal model consistent with:

e deterministic relaxation for D = 0;

*  metastability and barrier-crossing for D > 0;

* explicit testability via predictions for autocorrelation,
first-passage times, and tran-sition rates.

Remark (link to Hydrodynamic Analogies): More elaborate

field theories (e.g., Kuramoto—Sivashinsky-type boundary evo-

lution) can be projected onto a dominant ¢-mode to justify (20).

In this paper we treat (20) as the effective normal form at the

level of the collapse coordinate.

Universal Critical Angle from Maximal Sensitivity
The Sensitivity Condition
The balance manifold (17) can be traversed stably until the mis-
match becomes maximally sensitive to ¢ perturbations. A uni-
versal candidate for the instability location is the point where the
slope of the product I(¢)R (¢) is extremal (maximal magnitude),
ie.
a5 BRI o
because at such points small perturbations generate the largest
second-order drift in the mismatch energy U (¢) and hence the
largest susceptibility and critical slowing down.
Using I(¢) = (1 + cos d))% and R (¢) =R —r cos ¢, define

+ COS

=0,

P(#) := I[$)R(¢p) = ——5—(R-rcos). 22)
Then

a’p ah 1

s =5 — Rcosg+ 2rcos(2¢) . (23)
Setting (23) to zero yields

— R cos ¢ + 2r cos(2¢) = 0. (24)

Using cos(2¢) =2 cos* ¢ — 1 and writing x = cos ¢, we obtain
4rx? —Rx —2r=0. (25)

Closure R/r = and the root cos ¢_=—1/2
Imposing the harmonic closure from Part I,
R

—=n
r (26)

equation (25) becomes

4x> —nx —2=0. (27)

This quadratic has two real roots; the physically relevant root for

an instability between ¢ = and ¢ = 0 is the one with x <0 (i.e.,

¢ € (1/2, m)), giving

Page No: 04 /

www.mKkscienceset.com

cos¢c » -0.500... > -, = e ~

1 2
2 3

(28)
Thus, under the closure hypothesis, the sensitivity extremum
lands at the universal geo-metric angle ¢_ = 2n/3 up to small
deviations induced by higher-order corrections (e.g., alternative
R (¢) mappings, anisotropy, or nonuniform measure on T ?). This
is a falsifi-able prediction: if calibrated empirical proxies yield
a sharply different critical ¢c across systems, the closure-based
universality is refuted.

Collapse as a Deterministic Instability (Normal Form)
Local Reduction Near the Critical Point

Let x(t) :== ¢(t) ¢c and expand the effective drift F (¢) := «dU/d¢
near ¢_. Because ¢_ is defined by a sensitivity extremum, the lin-
ear stability of the metastable branch generically weakens there;
the reduced dynamics can be written as a saddle-node normal
form with a control parameter p:

X" =+ ax?+ higher-order terms + {(t), a > 0, (29)
where p summarizes slow changes in environment/coupling/
measurement context (e.g., increasing interaction with a detec-
tor, rising cognitive load, changing anesthesia level).

Deterministic Picture (D = 0)

For D=0:

* 1 <0 yields two fixed points (one stable, one unstable): a
metastable “wave-like” basin persists.

* p =0 yields a marginal point: critical slowing down and
diverging recovery time.

* u>0removes the stable fixed point: trajectories determinis-
tically “run away” toward the collapsed regime.

Thus collapse is not fundamentally random; it is a loss of meta-

stability.

Noisy Picture (D > 0): Apparent Stochasticity
For small but nonzero D, barrier crossing occurs even for pu < 0
(rare-event transitions). Near p = 0, noise dominates outcome
timing and amplifies phase sensitivity. This yields a principled
place for probabilistic descriptions (first-passage-time distribu-
tions) without inserting intrinsic indeterminism.

Branch Phase 6 and Outcome Selection
Coupled Dynamics on the Torus
We now specify minimal coupled dynamics:

T
¢ = Kd¢+5(f), (30)

0" = o(d) + ['(d) G(O; context) + &(t), 3D
where ®(¢) is the natural phase velocity and I'(¢) is a coupling
that becomes dominant near collapse. The term G(6; context)
encodes interaction with the measurement con-text (detector,
environment pointer basis, or in neural settings: task demands,
sensory perturbation, neuromodulation). &(t) is phase noise.

Phase Freezing Near Collapse

A key dynamical hypothesis is that

®(¢) decreases and I'(¢) increases as ¢ — 0, (32)

so that O transitions from quasi-uniform rotation (unitary-like

evolution) to a locked/frozen state (pointer selection). Empiri-

cally, this predicts:

» reduced phase diffusion in the collapsed regime,

* increased susceptibility of 0 to contextual coupling near the
instability band around ¢ .
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Probabilities as Basin Measures; Route to Born-Like Rules
Consider discrete outcomes indexed by k (detector clicks, point-
er states, or distinct PE contents). In this model, each outcome
corresponds to an attractor sector Ak in & at ¢ =0. Let & denote
the phase at the moment ¢(t) first crosses ¢_ (first passage). Then
the realized outcome is determined by

k = M(0_; context),

where M maps crossing phases to basins.
1t is effectively mixing on [0, 2r) prior to crossing (due to U
¢" and moderate &), then Ut is approximately distributed accord-
ing to an invariant density P(%) set by the pre-collapse dynamics.
The pr})bability of outcome k is then the basin measure

(33)

p(9) do,
oce. (34)

where B c [0, 2r) is the set of phases that flow into sector Ak
after crossing.

Born-Like Identification (Structural Condition):

To recover P(k) = |al? for a quan-tum state | c, k, it suffices (and
is testable) that the contextual coupling shapes basin sizes such
that

i)

p(®)do = |al’.
a8l

(35)
Equation (35) is not assumed as a postulate; it becomes a con-
straint on the measurement-context coupling G(Ts; context) (and
on the mapping from Hilbert amplitudes to phase-sector geom-
etry). In Part III we list concrete experimental signatures that
would falsify this route (e.g., systematic deviations from }CkF
beyond known detector nonlinearities when the contextual cou-
pling is engineered).

Collapse Time, Critical Slowing Down, and Com-plexity

Scaling

Critical Slowing Down

Linearizing (20) near a stable fixed point ¢» yields an Ornstein—

Uhlenbeck approximation

8 ¢ = —A(1) 3¢ + L(1), (36)

with relaxation rate M) > 0. In saddle-node systems, A(n) — 0

as p — 0—, implying:

+  diverging recovery time t__~ 1/A,

e increased lag-1 autocorrelation and variance of ¢ fluctua-
tions,

* increased susceptibility to perturbations near ¢c (ear-
ly-warning signals).

These signatures are measurable in both physical collapse ana-

logs and neural transitions (Part III).

Barrier Crossing and Kramers Scaling
For p < 0 with a finite barrier AV , the mean first-passage time
obeys the Kramers-type scaling

T ~ To€Xp P

(37)
where D is effective noise intensity and 1o is a prefactor depend-
ing on curvature near stable/unstable points.

Complexity Dependence
Let N be an effective complexity (number of interacting degrees
of freedom, number of distinction acts, or effective graph size).
We parameterize the scaling generically as
D(N) o< NYD, AV (N) cc NYV |
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Then
cnNYY

_ = Yv Yo
T(N) ~ Toexp e Toexp cN .

(39)

Two empirically distinguishable regimes follow:

® vy, >V,: collapse time grows rapidly with complexity (long-
lived coherence possible in carefully isolated, structured
systems).

® vy, >v,: collapse time shrinks with complexity (fast classi-
calization in macroscopic, noisy systems).

Part I1I specifies how to estimate the exponents from data (quan-

tum interferometry vs system size; neural perturbations vs net-

work scale).

The n-Split Revisited: Residual Fraction and Thresh-old as

Dynamical Statements

Part | motivated a residual area fraction 1/x under closure R/r =

n and the complemen-tary threshold C> = 1 1/x. Dynamically,

these constants become meaningful only if they correspond to:

* arobust fraction of time (or measure) spent in the “unsta-
ble” band around ¢ 7 across stabilized regimes, or

* arobust fraction of variance that remains unintegrated even
in high-integrity states.

We therefore elevate the m-split to an empirical claim:

Claim (Residual Fraction): Under calibrated proxies, stabilized

systems ex-hibit a context-invariant residual component with

measure approximately 1/z (within uncertainty), and PE-like re-

gimes correspond to [ > C2 with C*=1 — 1/x.

This claim is falsifiable: if residual fractions vary arbitrarily
with context after cali-bration, or if the best cross-validated
threshold for PE-like regimes differs systematically from C:
across subjects/species/measurement conventions, the univer-
sality of the m-split is refuted.

Summary of Part II (What is Derived and What is Assumed)

Derived (given the modeling choices)

* A minimal dynamical law for collapse coordinate ¢ as gra-
dient-like relaxation of balance mismatch with noise (Eq.
(20)).

* A universal critical angle ¢c 2n/3 arising from a maxi-
mal-sensitivity condition under closure R/r = n (Eq. (28)).

e Collapse as a deterministic loss of metastability (sad-
dle-node normal form), with critical slowing down near the
transition (Eq. (29)).

e Probabilities as basin measures of 0 at threshold cross-
ing, yielding a concrete route to Born-like rules via con-
text-shaped basin geometry (Egs. (34)—(35)).

»  Kramers scaling and a parametric complexity dependence
of collapse times (Egs. (60)—(39)).

Assumptions (to be tested in Part I1I)

»  Existence of a calibrated integrity proxy intended I(¢) and
R (¢) across domains.

e Validity of harmonic closure R/r = 7 as a universality hy-
pothesis rather than an arbitrary fit.

*  Time-scale separation and phase mixing of 1V prior to cross-
ing, and phase freezing after crossing.

Part III turns these into explicit experimental protocols, calibra-

tion steps, and falsifica-tion criteria in quantum and neurophys-

iological settings (including cross-subject threshold validation

for C2) [5-7].
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Part I1I

Operationalization, Experiments, and Falsification

Purpose of Part II1

Parts I-II specify primitives, a toroidal state space, and an effec-
tive dynamical picture in which collapse corresponds to a loss
of metastability at a universal critical angle ¢c 27/3 (under clo-
sure R/r = w), with apparent probabilistic outcomes arising from
phase sensitiv-ity and noise. Part III converts these statements
into operational variables, measurement pipelines, and falsifi-
able tests in both physics and neuroscience.

We emphasize a strict methodological point: the theory is only
scientifically meaningful insofar as the proposed proxies for (I,
R, ¢, 0) can be estimated reproducibly and linked to predictions
that can fail [8-10].

Operational Definitions and Estimators

General requirements for proxies

Let (I', R" ) denote empirical estimators extracted from data. We

require:

1. Calibration: I" must be mapped to [0, 1] with a stated cali-
bration procedure, pro- ducing a calibrated I € [0, 1].

2. Robustness: results must be stable under reasonable pre-
processing choices (filters, source reconstruction, window
length).

3. Uncertainty Quantification: confidence intervals via boot-
strap or Bayesian mod-eling.

4. Cross-context comparability: the same estimator family
must be used across conditions when testing universality

(e.g., C2).

Estimating Coherence Radius R_from Spatial Decay

Given a spatial domain with distance d(i, j) between channels/
sources/nodes, compute a coherence-like statistic W, (e.g., mag-
nitude-squared coherence in a band, phase-locking value, mu-
tual information). Define the average coherence at distance d:

W(d):=E W, d(,]) €[d, d + Ad). (40)
Fit a parametric decay, e.g.
W(d)= Aexp(—d/R ) + B, 41

where B captures baseline bias/noise floor. The estimate R™c is
obtained by nonlinear least squares or robust regression, with
uncertainty via block bootstrap over time windows.

Alternative Definitions: Depending on domain, R may be de-

fined as: | " ,

*  the integral correlation length R = W (d)dd W (0),

»  the distance at which W (d) falls below a fixed fraction of
W(0),

* a graph-theoretic correlation length from communicability
decay.

All variants must be reported explicitly; universality tests should

not mix definitions.

Estimating Integrity I from Network Stability and Integ-
ra-tion

Integrity is intended to capture internal cohesion, self-consis-
tency, and resistance to frag-mentation. A practical composite
estimator is:

I =w, Eglob+w2 Stemp+w3(1 —Q)+w,R, (42)
where:
Eqo 18 global efficiency of a functional connectivity graph
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(integration),

* S, Is temporal stability (e.g., mean correlation between
adjacency matrices across consecutive windows),

e Qis modularity (high Q can indicate fragmentation in some
regimes),

* R is a robustness term (e.g., area under performance after
node/edge deletion).

Weights w, 0 are fixed before hypothesis testing using a training

set or a normative dataset to avoid post-hoc fitting.

Calibration of Integrity to [0, 1] and Threshold Testing
Define a monotone calibration map : R [0, 1] (e.g., logistic or
isotonic regression) trained on a labeled dataset where labels
correspond to conscious vs unconscious (or high vs low inte-
gration) states:

I:=CI)€e]o0,1]. (43)
The central universality claim is then testable:
> = HT_l ~ 0.682 in PE-like regimes, <G innon-PE regimes, ( 4 4)

with explicit error rates and confidence intervals.

Mapping Data to the Torus Coordinates
Given I and R, define a reconstructed ¢ by inverting the kine-

matic relation:
1+cosg

= ¢:= arccos(ZI/'\ - 1).

2 (45)
This yields ¢ € [0, nt] (we take the principal branch, consistent
with collapse ordering). principal component, or a ring-embed-
ding phase of a low-dimensional manifold):
g(t) = arg z(t), (46)
where z(t) is a complex analytic signal representing the domi-
nant oscillatory/rotational component of the system’s state tra-
jectory in an embedding space.

1"(¢) =

Neuroscience Program: Predictions and Protocols

Data Modalities and Preprocessing

The theory can be tested with EEG, MEG, ECoG, or intracranial

recordings. Minimum requirements:

* multiple states: wakeful rest, attention/task, NREM sleep,
anesthesia; optionally psychedelic states for boundary con-
ditions;

e perturbational data if possible: TMS-EEG, sensory evoked
responses, or closed-loop stimulation;

» standardized preprocessing with explicit reporting (artifact
rejection, referencing, band selection).

Prediction N1: Critical Slowing Down Near Transition
Using ¢(t) from (45), identify episodes approaching the thresh-
old band around ¢c (pre-diction: ¢pc =~ 2m/3). Compute ear-
ly-warning signals:

* lag-1 autocorrelation of ¢(t) in sliding windows,

e variance of ¢(t),

e recovery time after perturbation (if stimulation is available).
Prediction: as the system approaches the transition, autocor-
relation and recovery time increase, consistent with vanishing
linear stability (saddle-node-like slowing).

Prediction N2: Cross-Subject Invariance of C:

After calibration (43), evaluate a single threshold classifier

y) =1 1I(t) > C,. 47)
Prediction: the fixed theoretical threshold C2 = (n 1)/m achieves
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near-optimal sepa-ration of conscious vs unconscious regimes
across subjects, without per-subject refitting beyond the calibra-
tion map trained on independent data.

Falsification Criterion: if the cross-validated optimal threshold
differs systematically from C: across subjects or species (beyond
statistical uncertainty), the universality of C: is rejected.

Prediction N3: Residual Fraction 1/z as Irreducible Noise

Floor

Define a decomposition of activity into coherent vs residual

components, for example via:

» fraction of variance explained by the first m principal com-
ponents of a connectivity tensor,

e or fraction of power captured by coherent modes in a dy-
namic mode decomposition,

*  or fraction of pairwise coherence above baseline across dis-
tances.

Let f__ be the estimated residual fraction (unexplained/uncor-

related component) in PE-like regimes.

Prediction: f_ =~ 1/n (within confidence bounds) across con-

scious conditions after controlling for measurement noise floors.

Important control: the estimator must separate instrument noise

from physiological residual (e.g., using empty-room noise for

MEG, or amplifier noise profiles for EEG).

Prediction N4: Phase Freezing and Outcome Stabilization
From 0/(t), quantify phase diffusion:
Dg= Var AﬂA(t) .
2dt (48)
Prediction: D, decreases as ¢ — 0 (stabilized regimes), and in-
creases near the critical

Crown-Style Pipeline as a Concrete Implementation

A CROWN-like computational pipeline can be specified as:

1. compute time-resolved functional connectivity Wij(t) across
frequency bands;

2. estimate R” (t) by fitting (41) in sliding windows;

3. compute graph metrics and stability features for I7(t) via
(42);

4. calibrate I(t) by (43);

5. reconstruct (&(t), ¢(1));

6. test predictions Ni—Nas with preregistered statistical plans.

Quantum-Physics Program: Predictions and Proto-cols
Prediction Q1: Engineered Context Changes Shift Barrier
and Timing, Not ¢,

In controlled interferometry (photons, atoms, superconducting
circuits), vary measure-ment context (detector coupling strength,
environment temperature, which-path mark-ing) and estimate an
effective collapse coordinate proxy (e.g., visibility V (t) mapped
to via a monotone transform).¢

Prediction: context shifts the effective barrier height and col-
lapse time distribution, but the reconstructed critical point (max-
imal susceptibility) clusters near ¢_2n/3 under consistent map-
ping.

Falsification: if the inferred critical point varies arbitrarily with
context under the same operational mapping, the universality
claim fails.

Prediction Q2: Basin-Measure Probabilities and Contextual
Basin Engineering

Page No: 07 /

www.mKkscienceset.com

Equation (Part II) P(k) =1, plojao implies that by engineering the
context coupling one can reshape basin measures in controlled
ways. standard quantum measurements this must remain consis-
tent with Born statistics; however, the model predicts:
e transient deviations in intermediate, weak-measurement re-
gimes when basin bound-aries are time-dependent,
»  with convergence to Born probabilities as coupling becomes
strong and 6 mixing prior to crossing becomes effective.
Thus, perform weak-measurement and continuous-measurement
experiments where the measurement strength is ramped slow-
ly, and test whether probability flows are consistent with a ba-
sin-boundary evolution picture.

Prediction Q3: Complexity Scaling of Collapse Times

Using families of systems with controlled effective complexi-
ty N (e.g., number of entangled qubits in a circuit; size of mo-
lecular interferometers), test scaling of decoherence/collapse
time T (N ). The theory predicts an exponential-type scaling of
first-passage time as in Part 11:

T(N) ~ 1,exp(cN7), (49)
with y determined empirically by how barrier height and noise
scale with N.

Falsification: if t (N ) displays a consistent power-law without
regimes compatible with barrier-crossing dynamics, the effec-
tive first-passage model is inadequate.

Prediction Q4: m-split as a bound on residual coherence

(strong form)

A strong version of the z-split claims a universal residual coher-

ence fraction. A cautious operational version is:

»  After context-stabilization (post-collapse), a nonzero resid-
ual coherence floor persists and is approximately constant
across systems after normalization; the constant is hypoth-
esized to be 1/z.

This is a high-risk, high-information test. It requires careful sep-
aration of technical noise, detector imperfections, and genuine
residual coherence. If the residual floor is found to be instru-
ment-limited or varies substantially across platforms, the strong
universality claim should be rejected or downgraded to a do-
main-specific statement.

Statistical Plans and Falsification Criteria

Preregistration and Multiple-Comparison Control

Because the theory makes several numerical claims (Cz, ¢, 1/7),

tests should be prereg-istered with:

*  primary endpoints (e.g., optimal threshold vs fixed Ca, esti-
mated critical point vs 27/3),

»  asmall set of secondary endpoints (residual fraction, phase
diffusion changes),

e correction for multiple comparisons across frequency
bands, regions, and conditions.

Core Falsification List (Minimal Set)

The framework is refuted (in its universal form) if any of the

following robustly holds after calibration and controls:

1. Threshold Non-Universality: the bestcross-validated
threshold for PE-like regimes differs systematically from C2
= (n — 1)/m across subjects/species.

No Critical Slowing Down: transitions do not exhibit ear-
ly-warning signals con-sistent with a loss of metastability.

3. Critical Point Drift: inferred ¢_ does not cluster near 2n/3

J Psych and Neuroche Res 2026



under consistent operational mapping.

4. No Basin-Measure Structure: engineered contextual cou-
plings do not affect out-come measures in a way compatible
with phase-sector basins (within quantum con-straints).

Limitations and Model-Refinement Path

Model Dependence of the ¢ Mapping

The inversion ¢ = arccos(2I 1) assumes I(¢p) = (1 +cos ¢)/2. If
empirical data suggests a different monotone relationship, one
can generalize to

1(9) = g(cos ¢), (50)
with g monotone and calibrated. However, changing g modifies
the inferred ¢c unless the universality is genuinely geometric.
This provides a productive stress-test: universality should sur-
vive reasonable reparameterizations.

Closure Condition as a Hypothesis, not a Certainty

The closure R/r = m is a strong universality postulate. If empiri-
cal data supports the broader toroidal picture but not the exact &
ratio, the model can be refined by treating R/r as a slowly vary-
ing, domain-dependent parameter and testing whether C2 and
dc become functions of R/r. This yields a graded alternative to
all-or-nothing rejection.

End of Part III: Deliverables

Part III delivers:

»  explicit estimators for R™c and I”, plus calibration to I € [0,
1];

* areconstruction method for ¢ (and a practical route to 0);

*  concrete neuroscience tests (critical slowing down, phase
freezing, invariance of Cz, residual fraction 1/m with noise
controls);

*  concrete quantum tests (context engineering, weak/contin-
uous measurement regimes, complexity scaling, residual
coherence floor);

* a minimal falsification checklist separating strong univer-
sality claims from weaker, refinable variants.

Final Remark. In this framework, “collapse” and “experience”

are not separate mysteries but different operational faces of the

same metastability transition in a structured pattern space. Part

III turns that statement into a research program with clear failure

modes—the essential requirement for the theory to be more than

metaphor.

Toward Absolute Completeness: Three Missing Ele-ments
This appendix addresses three items required for absolute com-
pleteness of the framework:

(i) a derivation of the 0-equation of motion from more funda-
mental principles (rather than phenomenology), (ii) installa-
tion-specific numerical predictions for collapse time (beyond a
pure scaling T (N )), and (iii) a context-general uniqueness proof
that the Born rule arises from basin measures.

Deriving the 0-Dynamics from a Variational Principle
Kinematic Setting: We treat 3(t)eS' as the (dimensionless)
alignment/mismatch coordinate between the local and global
cycles of the toroidal closure architecture, i.e. a phase-like co-
ordinate on the emergent circle of self-similar embeddings. The
closure con-dition R/r = (Eq. (10)) selects a distinguished geo-
metric fixed point, while departures from perfect closure define
a mismatch functional A(0).
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Geometric Mismatch Functional: Let A(#) quantify the local—
global embedding mis-match (dimensionless), with the minimal
assumptions:

A(O +2m) = A(B), 1)
Ad) =0, U= T (critical collapse angle), (5 2)
an an N
T . =0, Yo o # 0 (fold-type criticality). (53)

The third line encodes the empirically/structurally motivated
statement that collapse is governed by a codimension-1 insta-
bility around Oc.

Action With Constraint and Bath (Fundamental Origin): We
start from a minimal open-system action for a compact coordi-
nate 0:

at ccqu V.

J
SO {ad A= de ot -viaEneamaw) | =T g Mg met =T
2 B

5k
k k

(54

Here:

e lis the effective moment of inertia (or generalized suscepti-
bility) associated with 0.

*  V (A) is an effective potential energy penalizing mismatch
(geometry-to-dynamics map).

e C(0)=0is an explicit constraint enforcing the closure man-
ifold (e.g. fixing the admissible branch selected by R/r = n),
with Lagrange multiplier A(t).

* gk model environmental degrees of freedom (Caldeira—
Leggett type), generating dissipation and fluctuations upon
elimination.

From Microscopic Elimination to Langevin Dynamics
Integrating out gk in the standard Ohmic limit yields (at the level
of the effective equation of motion):

15+ + % viaw)+am O - g,
a9 a9

(55)
with friction y and (approximately) Gaussian noise &(t) obeying
(&) = 0, (E(E(t)) = 2yD 8(t — t). (56)
The effective diffusion scale D depends on the dominant noise
source:

’ 2 (57)

Overdamped Reduction (Experimentally Typical). In many me-
soscopic and measurement-like regimes one has y> 1 0%V, so
Eq. (55) reduces to:
o= wlviaen+ L monn,  u=y

99 (5 8)
where 1(t) is unit white noise.

Normal Form Near the Collapse Angle (Universal Prediction).
Independently of the detailed shape of A({), the instability at
Oc = 2m/3 implies a universal saddle-node normal form after a
smooth reparameterization:

x=90-9, x':a(e—x/)+ 2Deg N(t), (59)
where ¢ is the control parameter (distance from the critical sur-
face in system+context space) and a > 0 a scale factor. This pro-
vides a fundamental derivation route: geome-try = mismatch
functional A(0) = effective potential V (A) = open-system vari-
ational dynamics = universal critical normal form near &

Installation-Specific Numerical Predictions for Collapse
Time
Collapse Time as a First-Passage Problem. Define collapse as
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the first hitting time of the separatrix & = &, (or equivalently x
= 0 in the normal form) starting from an initial metastable basin
(0) Omew. Then 7 is a mean first-passage time (MFPT) for the
stochastic dynamics.

Kramers-Type Estimate (General Form). For overdamped mo-
tion in an effective potential U (&) where &' = —udeu+"2upn, the
mean escape time from a local minimum at 9 across a barrier at
9 is approximately:

n L au_ -
B UTSm) UT(B)] b

b m

(60)
Thus, numerical predictions reduce to computing (or fitting) the
triplet AU, U rr(6m), U rr(% ) and the effective noise scale D.

Mapping to Device Parameters (Recipe). Given an experimental
installation, define:

U0) =U,F0;p), D, =Dy, K, =nPy), (61)
where p£ are installation parameters (temperature, damping,
coupling, effective mass/in-ertia, measurement strength, etc.).
Then Eq. (60) yields:

CAM L EYe T T
b

D(ps)

ups)  UZFT(8,,) [FT(S0)|

(62)
Incorporating the N -Dependence. The previously given scal-
ing T (N ) is recovered when either:

AU « N“and/or D« N (63)
so that T exp(c N ¢F) (or corresponding power-law limits when
AU/D is small). A concrete parametrization consistent with
many coarse-graining scenarios is:

AU(N) = AUL N, T(N) ~ 0 exp A?U:Nz’ (64)

but the exponents (a, ) should be extracted from the microscop-
ic or mesoscopic coupling model for the specific installation.

D(N) = Di/N, =

Worked Numerical Template (Plug-and-Play). To produce a nu-

merical prediction for a concrete setup:

1. Determine U£(¥) from the installation’s coupling Hamilto-
nian/energy functional (or infer from measured stationary
distribution P(8) « e=®/0),

2. Identify Om (metastable minimum) and & (barrier/top or
separatrix) in the experi-mentally relevant range around &
=2m/3.

3. Compute AU =U (&) — U () and curvatures U rr(0m),
U ().

4. Estimate D from noise spectroscopy (thermal: k,T ; quan-
tum: infer from impreci-sion/backaction or effective tem-
perature).

5. Estimate mobility p from linear response near Om (e.g. re-
laxation time trelax [pU (G )]—1).

6. Insert into Eq. (60) to obtain t£ with uncertainty propaga-
tion.

Near-Critical Prediction (Universal Scaling).For the normal

form Eq. (59) (noise-free), the deterministic collapse time from

x(0) = xo to the separatrix scales as:
J

Tdet ~

dx 1

ale - x2) ~ a\/E (critical slowing down).

(65)
With noise, MFPT exhibits the standard crossover from algebra-
ic (near-critical drift-dominated) to exponential (barrier-domi-
nated) regimes, providing an experimentally testable signature.

Born Rule from Basin Measures: Context-General Unique-Ness
Set-Up: Contexts, Flows, Basins. Let be the space of micro-
scopic states x (hidden microgeometry / fine-grained degrees of
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freedom). A measurement context C (choice of apparatus set-
ting, basis/POVM, coupling schedule) induces a deterministic
(or effectively deterministic) flow ®¢: M — M with absorbing
outcome attractors {A%}. Define the
basin of attraction:

BS={xEM: !iﬂl\ DF(x) € A

(66)
Given a preparation y (pure state for simplicity), let py(x) be
the induced distribution on M. The basin-measure probability is:
J
P(i|C¢)=

. pu(x) du(x),
Bi

(67)
with du a reference measure on M (e.g. Liouville/Haar-induced).
Assumptions Required for a Uniqueness Theorem. To  turn
Eq. (67) into the unique

Born rule across all contexts, we require:

(A1) Equivariance / Unitary Covariance: For any unitary U
on the system Hilbert space, there exists a corresponding sym-
metry map on such that pUy = py 1

and basin assignments transform accordingly under the induced
context change.

(A2) Projector Noncontextuality at the Probability Level: If
two contexts C and Cr contain the same projector IT as an out-
come event (possibly embedded in different complete measure-
ments), then

PI[C, y)=P L[ Cr, y) =P 1] y). (68)
This is the minimal form of context independence needed to de-
fine a frame function.

(A3) Finite Additivity on Orthogonal Decompositions: For
any set of mutually or-thogonal projectors {I1k} with £k [Tk =1,
YP{Ik |y)=1, PXTIIk | y! =X P (IIk | y). (69)

(A4) Continuity / Regularity: P (I y) varies continuously with
y and IT (excluding measure-zero pathological basin boundar-
ies).

Theorem (Born Rule as the Unique Basin-Measure Frame
Function)

Theorem 1: (Uniqueness of Born rule from basin measures). As-
sume (A1)—(A4) and dim 3. Then there exists a unique density
operator py = v y such that, for all projectors I1,

PAI | y) = Tr(p IT) = (y[IT |y) . (70)
Moreover, for a general POVM Ei realized by a context C, the
outcome probabilities satisfy

P(i| C, y) = Tr(pyEi). (71)
Proof Sketch (How Basin Measures Enforce the Gleason Form):
Under (A2)—(A3), P (I ) defines a normalized, finitely ad-
ditive measure on the lattice of projectors (a frame function).
By Gleason-type arguments (with (A4) ensuring regularity), any
such measure in dim 3 must be representable as Tr(p IT)
for some positive trace-one operator p. Assumption (Al) plus
purity of preparation fixes p =y y (unitary covariance selects the
rank-1 form for pure states). Finally, Naimark dilation extends
the result from projectors to POVM elements, giving Eq. (71).
The basin-measure mechanism enters by providing a concrete
microscopic origin of P via Eq. (67), while (A1)—(A4) constrain
that origin to the unique quadratic rule [11-14].

What Remains to be Proven Inside the Present Model (Mod-
el-Internal Closure): To make the theorem fully internal (not
merely an imported uniqueness result), the framework must ex-
plicitly derive (A1)—(A4) from:

A
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* the geometric closure condition R/r = m and the induced
symmetry group on M,

* the dynamical universality near 6c = 2n/3 (which controls
basin boundary regular-ity),

* and an explicit construction of py(x) (e.g. as the pushfor-
ward of the Haar measure on the unitary orbit of v onto M).

Minimal Checklist for a Strict, Context-General Completion: A

fully strict com-pletion can be organized as:

1. Construct and dp explicitly from the toroidal microgeom-
etry, and prove invari-ance under the induced symmetry
group (derives (Ar)).

2. Prove that outcome events correspond to projectors (or
POVM elements) via the apparatus coupling model, and
that basin assignment depends only on the associated event
operator (derives (Az)).

3. Prove coarse-graining additivity of basin measures under
orthogonal sums (derives (As)).

4. Prove that basin boundaries are dp-null (or sufficiently reg-
ular) for generic contexts (derives (Aa4)).

Epilogue: © as Our Cosmic Address (A Reflection)

We inhabit a universe in which the ratio of a circle’s circumfer-
ence to its diameter is m. In ordinary mathematics this sounds
tautological—a definition, a bookkeeping convenience, a sym-
bol that appears whenever circles appear. Yet within the present
framework it is natural to ask a different question: what if @ is
not only a constant we use, but also a signature of the particular
kind of reality we inhabit? The toroidal model developed in this
work rests on a single geometgc closure postulate:

2R = 2, equivalently - =n
" (72)
This ratio is not introduced as a fit parameter. It is the unique di-
mensionless quantity produced by a self-similarity requirement
linking two non-contractible cycles of the torus: the “global”
cycle characterized by R and the “local” cycle characterized by
r. If one allows, even in imagination, a landscape of admissi-
ble geometries—a multiverse of closure ratios—then different
values of R/r would generically generate different dynamical

thresholds: different critical angles for instability, different resid-

ual fractions of irreducible uncertainty, and different conditions
under which a pattern can remain unified and self-referential.

From that perspective, n can be read as a kind of cosmic address.
Each time © appears in our equations, we are not merely invok-
ing the geometry of circles; we are quietly restating the closure
condition that, in this theory, pins down the form of collapse and
the boundary of experience. It is as if the symbol m says: this
is the world in which the global and local cycles harmonize in
precisely this way—the world in which a universal critical point
emerges at ¢c 27/3, in which the stability complement takes the
form C2 = (n 1)/n, and in which an irreducible residue of 1/x
remains even in strongly stabilized regimes.

One may even poetically imagine the moment of collapse as a
brief brush with alter-natives. As a system approaches the crit-
ical band and passes through ¢c, it traverses a region of height-
ened susceptibility: a place where tiny differences in phase and
context can redirect the trajectory toward different stabilized
outcomes. If one likes to think in multiversal metaphors, this
is the instant at which the system “feels” the nearby space of
possibilities before settling into the particular basin that is real-
ized here. Each mea-surement, each stabilized perception, each
coherent conscious episode would then be a reaffirmation of our
location—a whisper of the same constant: m, again and again.

None of this is offered as a theorem. It is not the kind of state-
ment one proves by algebra. It is an interpretive reflection—a
way of seeing how a familiar constant, usually treated as a neu-
tral artifact of Euclidean geometry, might also be understood as
a marker of the deeper closure that structures this model. If the
core claims of the theory are borne out empirically, then & would
not merely be a number we discovered; it would be a number
that, in a very literal sense, describes us: the physics we observe,
the transitions we call collapse, and the integrity threshold be-
yond which experience becomes unified.

In that light, m is more than a digit string. It is a coordinate. It
is our address. And when we write it, we sign our name in the
language of reality [15, 16].
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