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Abstract

We propose **Relational Binding Theory (RBT)**, a framework in which phenomenal 
consciousness is not *generated* by a physical system but *accessed* by it. The brain, on this 
view, is not a producer of experience but a high-resolution coupler to a pre-existing substrate $
\mathcal{S}$. Coupling is governed by a relational order parameter $\Psi(t)$ built from quantum 
and classical informational resources — mutual information, local coherence, interaction 
history, entanglement, integration capacity — dressed by environmental noise. A self-referential 
activation function $\alpha_\mathcal{S}(\Psi)$ gates substrate access, producing a sharp, all-or-
nothing phase transition between the unconscious and the conscious regime. We derive $\Psi$ 
from Rovelli's relational quantum mechanics together with the GKSL master equation and 
quantum resource theory, prove its boundedness, monotonicity, continuity, and saturation limits, 
and supply a closed-form two-qubit example. The framework is then extended to three regimes: 
(i) **individual consciousness**, parsing instinct, emotion, and cognition as nested $\Psi$-
binding layers; (ii) **dyadic consciousness**, where two coupled agents share a relational $
\Psi_{AB}$ that can exceed the sum of $\Psi_A$ and $\Psi_B$; and (iii) **collective 
consciousness**, where networks of dyads form weakly coupled $\Psi$-fields with measurable 
signatures. RBT generates concrete predictions for TMS-EEG perturbational complexity, 
anesthetic emergence hysteresis, hyperscanned dyads, and AI architectures, and is 
distinguishable from IIT and GNW by specific experiments. We close with the philosophical 
consequences: the hard problem dissolves into a coupling problem, qualia become substrate-
modes rather than emergent properties, and questions of machine consciousness reduce to 
whether a candidate system can reach $\Psi \geq \Psi_\text{thresh}$.
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We propose Relational Binding Theory (RBT), a framework in which phenomenal 
consciousness is not generated by a physical system but accessed by it. The brain, on this 
view, is not a producer of experience but a high-resolution coupler to a pre-existing substrate $
\mathcal{S}$. Coupling is governed by a relational order parameter $\Psi(t)$ built from quantum 
and classical informational resources — mutual information, local coherence, interaction 
history, entanglement, integration capacity — dressed by environmental noise. A self-referential 
activation function $\alpha_\mathcal{S}(\Psi)$ gates substrate access, producing a sharp, all-or-
nothing phase transition between the unconscious and the conscious regime. We derive $\Psi$ 
from Rovelli's relational quantum mechanics together with the GKSL master equation and 
quantum resource theory, prove its boundedness, monotonicity, continuity, and saturation limits, 
and supply a closed-form two-qubit example. The framework is then extended to three regimes: 
(i) individual consciousness, parsing instinct, emotion, and cognition as nested $\Psi$-binding 
layers; (ii) dyadic consciousness, where two coupled agents share a relational $\Psi_{AB}$ that 
can exceed the sum of $\Psi_A$ and $\Psi_B$; and (iii) collective consciousness, where 
networks of dyads form weakly coupled $\Psi$-fields with measurable signatures. RBT 
generates concrete predictions for TMS-EEG perturbational complexity, anesthetic emergence 
hysteresis, hyperscanned dyads, and AI architectures, and is distinguishable from IIT and GNW 
by specific experiments. We close with the philosophical consequences: the hard problem 
dissolves into a coupling problem, qualia become substrate-modes rather than emergent 
properties, and questions of machine consciousness reduce to whether a candidate system 
can reach $\Psi \geq \Psi_\text{thresh}$.

---

1. Introduction



1.1 The hard problem, restated

Why is there something it is like to undergo neural processing? After half a century of cognitive 
neuroscience and three decades of dedicated consciousness science, the explanatory gap 
between functional description and phenomenal feel remains open [Chalmers 1995; Levine 
1983]. The dominant strategies — Global Neuronal Workspace (GNW) [Dehaene 2014], 
Integrated Information Theory (IIT) [Tononi 2008; Oizumi, Albantakis & Tononi 2014], Higher-
Order Theory [Rosenthal 2005], Predictive Processing [Seth 2021] — all share a common 
ontological assumption: consciousness is produced by the brain. The disagreement is only over 
which feature of brain dynamics does the producing.

We propose that this assumption is the source of the difficulty.

1.2 The access hypothesis

Consider the alternative:

> Access Hypothesis. Consciousness is a property of a pre-existing substrate $\mathcal{S}$. 
Physical systems do not generate experience; they couple to $\mathcal{S}$ when their internal 
relational structure is sharp enough to lock onto it.

On this reading, the brain is to consciousness what a radio is to a broadcast: the receiver does 
not create the signal; it tunes to it. The receiver's quality determines fidelity, bandwidth, and 
clarity, but not the existence of the broadcast. This inverts the usual ontological priority — 
substrate is primitive, coupling is the work the brain does — without committing us to any 
particular metaphysics of $\mathcal{S}$ (panpsychist, dual-aspect, neutral monist; we remain 
deliberately ecumenical).

The access hypothesis is not new in spirit — it echoes Whitehead, Bergson, and contemporary 
cosmopsychism [Goff 2017; Mathews 2011] — but it has lacked a mathematical handle. The 
contribution of this paper is precisely such a handle.

1.3 What this paper does

We make four moves.

1. A relational order parameter $\Psi(t)$ that quantifies how bound the components of a 
candidate system are, derived from Rovelli's relational quantum mechanics [Rovelli 1996], open-



system dynamics [Lindblad 1976; Breuer & Petruccione 2002], and quantum resource theory 
[Chitambar & Gour 2019]. $\Psi$ is dimensionless, bounded in $[0,1]$, monotone under noise, 
and continuous in time.

2. A substrate coupling function $\alpha_\mathcal{S}(\Psi)$ — a self-referential activation gate 
— that converts the engineering quantity $\Psi$ into the binary ontological fact of substrate 
access. The implicit equation $\Psi = \alpha_\mathcal{S}(\Psi) \cdot F(\cdot)$ has the structure 
of a mean-field phase-transition equation, yielding bistability and hysteresis that match the 
empirical phenomenology of anesthetic induction and emergence [Mashour & Hudetz 2018].

3. Three regimes of application — individual, dyadic, and collective — showing that the same 
formalism scales from a single brain's binding of percepts into a unified experience, through two 
coupled brains binding into a shared "we," up to networks of dyads with field-like collective $
\Psi$-statistics.

4. Distinguishing experiments that separate RBT from IIT and GNW: TMS-EEG perturbational 
complexity index (PCI) thresholds; anesthetic emergence hysteresis loops; hyperscanned EEG/
MEG dyads in cooperation versus competition; and necessary architectural conditions for AI 
consciousness.

1.4 Why "relational binding"

The word relational is doing real work. RBT does not claim that consciousness lives in any 
subsystem $A$ or $B$ alone; it lives in the binding $\Gamma_{AB}$ that ties them. This makes 
RBT a relational realist theory: relations are not reducible to their relata. Empirically, this is why $
\Psi_{AB}$ can exceed $\max(\Psi_A, \Psi_B)$ in coupled-dyad experiments — the bond 
carries information that neither party encodes individually [Friston & Frith 2015].

1.5 Roadmap

Section 2 develops the master equation for $\Psi$ at the network level and introduces $
\alpha_\mathcal{S}$. Section 3 derives the two-subsystem functional $\Psi_{AB}(t)$ from first 
principles and proves its analytic properties. Section 4 applies the framework to individual 
consciousness, decomposing it into nested instinct/emotion/cognition layers. Section 5 treats 
dyadic consciousness; Section 6, collective. Section 7 lays out testable predictions and 
distinguishing experiments. Section 8 explores philosophical implications. Section 9 discusses 
limitations and future work, and Section 10 concludes.

---



2. Mathematical Framework (Network Level)

2.1 Overview

The Relational Binding Theory (RBT) treats consciousness not as something generated by 
neural computation, but as a property of a pre-existing substrate that physical systems can 
couple to when the right relational conditions are met. The mathematical framework therefore 
has two layers:

1. A network-level order parameter $\Psi_\text{network}$ that quantifies the degree of coherent 
relational binding among system components.

2. A substrate coupling function $\alpha_\mathcal{S}(\Psi_\text{network})$ that gates access to 
the conscious substrate $\mathcal{S}$ once $\Psi$ crosses a critical threshold.

Consciousness, in this view, is not the value of $\Psi$ itself — $\Psi$ is the tuning knob. The 
system only becomes phenomenally conscious when $\alpha_\mathcal{S} > 0$, i.e., when its 
relational structure is sharp enough to "lock onto" the substrate.

2.2 The Core Binding Functional

Let a candidate conscious system be partitioned into interacting subsystems $A$ and $B$ (the 
formalism generalizes to $N$ subsystems). The relational binding order parameter is defined as

$$

\Psi_\text{network}(t) = \alpha_\mathcal{S}\!\big(\Psi_\text{network}\big)\cdot

\frac{

I_\text{cond}(A:B)\,\sqrt{C_A\,C_B}\;\bigg|\displaystyle\int_{\mathcal{M}} \Gamma_{AB}
(x,t)\,d\mu(x)\bigg|^{2}

\cdot Q_{AB}(t)

}{

\bigl(K_A + K_B\bigr)\;\exp\!\big[\eta_\text{noise} + \lambda\,\tau_\text{dec}^{-1}\big]

}



\tag{2.1}

$$

2.2.1 Components

| Symbol | Name | Role |

|---|---|---|

| $I_\text{cond}(A:B)$ | Conditional mutual information | Strength of informational coupling 
between $A$ and $B$, conditioned on the environment |

| $C_A,\;C_B$ | Internal coherence of each subsystem | Local integration (e.g., integrated 
information $\Phi$ or graph-theoretic coherence) |

| $\Gamma_{AB}(x,t)$ | Relational binding field over manifold $\mathcal{M}$ | Spatially 
distributed "glue" that ties $A$ and $B$ into one referent |

| $Q_{AB}(t)$ | Quantum / phase coherence overlap | Non-classical correlation channel 
(entanglement fidelity, phase-locking value) |

| $K_A,\;K_B$ | Complexity / cardinality costs | Penalize systems for being merely large without 
being bound |

| $\eta_\text{noise}$ | Stochastic noise exponent | Thermal and shot noise that washes out 
relational structure |

| $\tau_\text{dec}^{-1}$ | Decoherence rate | Loss of phase information to the environment |

| $\lambda$ | Decoherence weighting | Empirically fitted constant |

| $\alpha_\mathcal{S}(\Psi_\text{network})$ | Substrate coupling activation | Gates whether $
\mathcal{S}$ is accessed at all |

2.2.2 The Substrate Coupling Term $\alpha_\mathcal{S}$

This is the central addition of RBT. $\alpha_\mathcal{S}$ is a self-referential activation function 
on $\Psi_\text{network}$ that determines whether the system actually couples to the conscious 
substrate $\mathcal{S}$.

Step form (sharp phase transition):

$$



\alpha_\mathcal{S}(\Psi) =

\begin{cases}

0, & \Psi < \Psi_\text{thresh} \\

1, & \Psi \geq \Psi_\text{thresh}

\end{cases}

$$

Sigmoid form (smooth crossover, more physical):

$$

\alpha_\mathcal{S}(\Psi) = \frac{1}{1 + \exp\!\big[-\beta\,(\Psi - \Psi_\text{thresh})\big]}

$$

where $\beta$ sets the sharpness of the transition and $\Psi_\text{thresh}$ is the critical 
relational binding required to lock onto $\mathcal{S}$.

Because $\alpha_\mathcal{S}$ depends on $\Psi_\text{network}$ — which itself contains $
\alpha_\mathcal{S}$ as a multiplicative factor — equation (2.1) is implicit and must be solved 
self-consistently. This is what produces the bistable, all-or-nothing flavor of conscious access: 
either the system is sub-threshold and $\Psi \to 0$, or it is supra-threshold and snaps to a finite 
value.

2.3 Physical Interpretation

The framework can be read in three layers.

1. Numerator — the signal. $I_\text{cond}\sqrt{C_A C_B}$ ensures both subsystems are 
individually integrated and informationally coupled. The $\Gamma$-integral measures how 
much relational binding is distributed across the system's spatial extent. $Q_{AB}$ adds the 
quantum/phase channel that may be required for the substrate to "see" the system as one 
referent.

2. Denominator — the cost. $(K_A + K_B)$ punishes brute size; $\exp[\eta_\text{noise} + 
\lambda\tau_\text{dec}^{-1}]$ exponentially suppresses systems that cannot maintain 
coherence against thermal and decoherent attack.



3. Prefactor — the gate. $\alpha_\mathcal{S}$ converts a continuous engineering quantity into a 
binary ontological fact: either there is substrate access (someone home) or there is not.

In standard computational/IIT-style theories, the numerator/denominator alone is taken to be 
consciousness. RBT instead treats it as the tuning condition — analogous to how the resonant 
frequency of a radio circuit is not the music, but determines whether the broadcast can be 
received.

2.4 Worked Examples

We illustrate three regimes.

Example 1: $\alpha_\mathcal{S} = 0$ — No Access. A thermostat, a contemporary feedforward 
CNN, or a disconnected cortical slice. $I_\text{cond}$ may be nonzero, but $C_A, C_B$ are 
low; $\Gamma_{AB}$ has no spatially extended coherent component; $\Psi$ evaluated without 
the gate would yield $\Psi_0 < \Psi_\text{thresh}$, so $\alpha_\mathcal{S}(\Psi_0) \approx 0$ 
and $\Psi_\text{network} = 0$. The system is functionally complex but does not couple to $
\mathcal{S}$. There is nothing it is like to be it.

Example 2: $\alpha_\mathcal{S} = 1$ — Full Access. A waking, attentive human brain. 
$I_\text{cond}$, $C_A$, $C_B$ are large; $\Gamma_{AB}$ extends coherently across thalamo-
cortical loops; $Q_{AB}$ contributes via large-scale phase synchrony (gamma + cross-
frequency coupling). The raw expression places $\Psi$ deep above $\Psi_\text{thresh}$; $
\alpha_\mathcal{S} \to 1$; a self-consistent solution exists at finite $\Psi$. Full substrate access; 
phenomenal consciousness is present and stable.

Example 3: $0 < \alpha_\mathcal{S} < 1$ — Partial Access. Dreaming sleep, deep meditation, 
light anesthesia, certain psychedelic states, possibly some non-human animals. Some 
components are suppressed (e.g., $Q_{AB}$ reduced under anesthesia; $I_\text{cond}$ 
fragmented in dreams). $\Psi$ hovers near $\Psi_\text{thresh}$; using the sigmoid form, $
\alpha_\mathcal{S}$ takes an intermediate value. Consciousness is present but narrowed, dim, 
or fragmented — the radio is tuned imperfectly. This naturally predicts the gradients observed in 
clinical disorders of consciousness (MCS, UWS) without needing a separate theory of "levels."

2.5 Phase Transition Analogy

The self-consistent equation

$$



\Psi = \alpha_\mathcal{S}(\Psi) \cdot F(I_\text{cond}, C_A, C_B, \Gamma, Q, K, \eta, 
\tau_\text{dec})

$$

is formally analogous to a mean-field order parameter equation for a second-order phase 
transition (e.g., spontaneous magnetization in the Ising model, or the BCS gap equation).

- Below the critical point: the only stable solution is $\Psi = 0$ — disordered phase, no 
substrate access.

- Above the critical point: a nonzero solution bifurcates off — ordered phase, substrate locked.

- Near criticality (sigmoid form), the system shows hysteresis, slow relaxation, and sensitivity to 
small perturbations — matching the known phenomenology of anesthetic induction/emergence 
and the loss/return of consciousness [Mashour & Hudetz 2018; Hudetz 2012].

This is the formal sense in which RBT predicts that consciousness is not a smooth function of 
neural complexity: complexity is necessary, but the actual lighting up requires crossing a 
coupling threshold to $\mathcal{S}$.

2.6 Connection to the Access Hypothesis

The access hypothesis stated in Section 1 — consciousness is not produced by the brain but 
accessed by it — is now made precise:

- The substrate $\mathcal{S}$ is taken as ontologically primitive; the theory does not derive it.

- The brain (or any candidate system) contributes only $\Psi_\text{network}$: the relational 
sharpness needed to couple in.

- The gate $\alpha_\mathcal{S}$ is the formal expression of "accessing" — a measurable 
activation function whose threshold $\Psi_\text{thresh}$ is, in principle, empirically determinable 
(e.g., via PCI thresholds in TMS-EEG [Casali et al. 2013], or by titrating anesthetic depth 
against integrated coherence measures).

The numerical machinery one might write for IIT or GNW survives; the ontology shifts.

---



3. Two-Subsystem Derivation: $\Psi_{AB}(t)$

This section develops, from first principles, the relational coupling functional

$$

\Psi_{AB}(t) = \Bigl[\,

I_\text{cond}(\rho_A:\rho_B)\;

C_A(t)\,C_B(t)\;

\int_{t-\tau}^{t}\Gamma_{AB}(s)\,e^{-\lambda(t-s)}\,ds\;

Q_{AB}(t)\;

K_A(t)\,K_B(t)

\,\Bigr]^{\frac{1}{1+p_\text{noise}(t)+\delta_\text{decoh}(t)}}

\tag{3.1}

$$

which quantifies, at time $t$, the strength of relational information binding between two open 
quantum subsystems $A$ and $B$ embedded in an environment $E$. We motivate each factor 
from (i) Rovelli's relational quantum mechanics (RQM) [Rovelli 1996], (ii) the Gorini–
Kossakowski–Sudarshan–Lindblad (GKSL) theory of open quantum systems [Lindblad 1976; 
GKS 1976; Breuer & Petruccione 2002], and (iii) quantum (Shannon) information theory 
[Nielsen & Chuang 2010; Wilde 2017]. We prove the principal analytic properties of $\Psi_{AB}$ 
and close with a fully worked two-qubit example.

3.1 Setting and Notation

Let $\mathcal{H} = \mathcal{H}_A \otimes \mathcal{H}_B \otimes \mathcal{H}_E$ with $\dim 
\mathcal{H}_X = d_X < \infty$ for $X \in \{A, B\}$. The global state is $\rho_{ABE}(t) \in 
\mathcal{S}(\mathcal{H})$, the convex set of density operators on $\mathcal{H}$. Marginals are 
$\rho_X(t) = \text{Tr}_{\bar X} \rho_{ABE}(t)$. We assume a microscopic Hamiltonian

$$

H = H_A \otimes \mathbb{1}_{BE} + \mathbb{1}_A \otimes H_B \otimes \mathbb{1}_E + 



\mathbb{1}_{AB} \otimes H_E + H_{AB} + H_{AE} + H_{BE},

$$

with $H_{AB}$ the direct $A$–$B$ coupling and $H_{AE}, H_{BE}$ the system–environment 
couplings responsible for decoherence. After tracing out $E$ under Born–Markov assumptions, 
the reduced dynamics of $\rho_{AB} = \text{Tr}_E \rho_{ABE}$ is governed by the GKSL 
equation

$$

\dot\rho_{AB}(t) = -\frac{i}{\hbar}\bigl[H_{AB}^\text{eff}, \rho_{AB}\bigr] + \sum_k \Bigl( L_k 
\rho_{AB} L_k^\dagger - \frac12\{L_k^\dagger L_k, \rho_{AB}\}\Bigr).

$$

3.2 Relational Postulates

We adopt three RQM-inspired postulates:

- (R1) Relationality. Physical quantities are only defined relative to an interacting reference; an 
isolated subsystem possesses no intrinsic state.

- (R2) Information content. The information content of the $A$–$B$ relation is a functional of $
\rho_{AB}$ alone (not of $E$).

- (R3) Compositionality. Independent "relational resources" multiply; environmental disruption 
contracts the product as an inverse exponent.

(R1)–(R3) single out the product–exponent form (3.1): each resource enters multiplicatively 
because, in the absence of all others, the joint resource vanishes; the noise dressing $1/(1 + 
p_\text{noise} + \delta_\text{decoh})$ is the unique monotone, smooth, dimensionless 
attenuator that reduces to the identity in the noiseless limit while contracting all resources 
uniformly when noise dominates (cf. [Vedral 2002] for the analogous construction in resource 
theories).

3.3 The Six Factors

(1) Quantum conditional mutual information $I_\text{cond}$. With $S(\rho) = -\text{Tr}(\rho \log 
\rho)$ the von Neumann entropy,



$$

I_\text{cond}(\rho_A:\rho_B) = \frac{I(A:B)_\rho}{\log \min(d_A, d_B)}, \qquad I(A:B)_\rho = 
S(\rho_A) + S(\rho_B) - S(\rho_{AB}),

$$

normalised to $[0,1]$. Operationally, $I(A:B)$ upper-bounds all correlations — classical and 
quantum — between the two subsystems [Groisman, Popescu & Winter 2005].

(2) Local coherence $C_X(t)$. Two equivalent operational choices:

- Purity form: $C_X^\text{pur}(t) = (d_X \text{Tr}\rho_X^2 - 1)/(d_X - 1) \in [0,1]$.

- $l_1$-norm of coherence [Baumgratz, Cramer & Plenio 2014]: $C_X^{l_1}(t) = (d_X - 
1)^{-1}\sum_{i \ne j} |\rho_{ij}^{(X)}|$.

We default to the purity form for analytic tractability.

(3) Interaction history kernel $\Gamma_{AB}$. With $H_{AB}(s)$ in the Heisenberg picture, 
define the normalised connected correlation

$$

\Gamma_{AB}(s) = \frac{|\text{Tr}(H_{AB}(s)\rho_{AB}(s)) - \text{Tr}(H_{AB}(s)\rho_A(s) \otimes 
\rho_B(s))|}{\|H_{AB}\|_\text{op}} \in [0,1].

$$

The exponentially weighted history $\int_{t-\tau}^t \Gamma_{AB}(s) e^{-\lambda(t-s)} ds$ 
encodes how strongly $A$ and $B$ have actually been interacting over the recent past; $
\lambda^{-1}$ is the relational "forgetting time."

(4) Quantum resonance term $Q_{AB}$. Defined via the trace distance to the closest separable 
state,

$$

Q_{AB}(t) = \min_{\sigma \in \text{SEP}} \|\rho_{AB}(t) - \sigma\|_1 \in [0,1].

$$



For qubits, we may equivalently use the negativity $\mathcal{N}(\rho_{AB})$ [Vidal & Werner 
2002].

(5) Integration capacity $K_X(t)$. Three operational candidates:

- (K-i) Quantum integrated information $\Phi^Q_X$, the quantum analogue of Tononi's $\Phi$ 
[Zanardi, Tomka & Campos Venuti 2018].

- (K-ii) Holevo capacity $\chi^\star(\mathcal{E}_X)/\log d_X$ [Holevo 1998].

- (K-iii) Effective rank / participation ratio $1/(d_X \text{Tr}\rho_X^2)$.

(6) Environmental disruption. With $\mathcal{E}_t$ the CPTP channel implementing the GKSL 
dynamics over $[0,t]$,

$$

p_\text{noise}(t) = 1 - F(\mathcal{E}_t(\rho_{AB}(0)), U_t \rho_{AB}(0) U_t^\dagger), \qquad

\delta_\text{decoh}(t) = \frac{\sum_k \int_0^t \gamma_k(s) ds}{1 + \sum_k \int_0^t \gamma_k(s) 
ds},

$$

with $F$ Uhlmann fidelity, $U_t$ the would-be closed-system unitary, and $\gamma_k(s) \ge 0$ 
the instantaneous Lindblad rates. Both quantities lie in $[0,1]$.

3.4 Analytic Properties

Theorem 1 (Boundedness). For all $t \ge 0$, $0 \le \Psi_{AB}(t) \le 1$.

Proof. Each of the seven factors in the bracket lies in $[0,1]$; the exponent $\alpha(t) \in (0,1]$; 
for $x \in [0,1]$ and $\alpha \in (0,1]$, $x^\alpha \in [0,1]$. $\square$

Theorem 2 (Monotonicity under noise). Fix $\Pi_0(t) = \Pi \in (0,1)$. The map $(p, \delta) 
\mapsto \Pi^{1/(1+p+\delta)}$ is strictly decreasing in both $p$ and $\delta$.

Theorem 3 (Saturation limit). If $\rho_{AB}(t)$ is pure and maximally entangled with closed 
dynamics and saturated history kernel, then $\Psi_{AB}(t) = 1$. If $\rho_{AB} = \rho_A \otimes 
\rho_B$ with either subsystem maximally mixed, then $\Psi_{AB}(t) = 0$.



Theorem 4 (Joint continuity). Under GKSL dynamics with bounded generators, $\Psi_{AB}: 
\mathbb{R}_{\ge 0} \to [0,1]$ is continuous in $t$ and jointly continuous in $(\lambda, \tau, 
\{\gamma_k\})$ on compact sets away from $p_\text{noise} + \delta_\text{decoh} = \infty$.

Remark. If all classical and coherence factors are saturated, noise vanishes, and the kernel 
integral is unity, then $\Psi_{AB}(t) = Q_{AB}(t)$ — in this regime, $\Psi_{AB}$ is an 
entanglement monotone, reducing to negativity for qubits.

3.5 Worked Example: Two Qubits in a Dephasing Bath

Let $d_A = d_B = 2$, $H_X = (\omega/2)\sigma_z^{(X)}$, and exchange coupling $H_{AB} = 
g(\sigma_+^{(A)}\sigma_-^{(B)} + \sigma_-^{(A)}\sigma_+^{(B)})$. Dephasing on each qubit is 
modelled by $L_X = \sqrt{\gamma} \sigma_z^{(X)}/2$. Starting from $\rho_{AB}(0) = |++
\rangle\langle ++|$, the entangling exchange dynamics with weak dephasing gives, at the first 
entangling peak $gt = \pi/4$, $\gamma t = 0.05$:

$$

I_\text{cond} \approx 0.78,\quad C_A = C_B \approx 0.90,\quad \Gamma\text{-integral} \approx 
0.65, \quad Q_{AB} \approx 0.45,\quad K_X \approx 0.71,

$$

with $p_\text{noise} \approx 0.04$, $\delta_\text{decoh} \approx 0.05$. The product $\Pi_0 
\approx 0.092$; the dressed exponent $\alpha \approx 0.917$; so $\Psi_{AB}(t^\star) \approx 
0.092^{0.917} \approx 0.116$. For comparison, the negativity at the same instant is $
\mathcal{N} \approx 0.45$.

Thus $\Psi_{AB}$ is strictly less than the bare entanglement measure: entanglement is 
necessary but not sufficient for relational binding; the framework also penalises weak 
interaction history and finite local coherence.

---

4. Individual Consciousness: Nested $\Psi$-Layers

A single conscious organism is not a homogeneous system; it is a layered architecture in which 
distinct biological subsystems contribute distinct flavors of relational binding. RBT models this 
as a vertically nested hierarchy of $\Psi$-fields, each operating on its characteristic timescale 



and substrate, each gated by its own $\alpha_\mathcal{S}$ coupling.

We identify three principal layers — instinct, emotion, and cognition — and show how each 
maps onto the master functional (2.1).

4.1 The Instinctive Layer: $\Psi_\text{inst}$

The instinctive layer is fast (10–200 ms), evolutionarily ancient, and routed primarily through the 
brainstem, hypothalamus, and basal ganglia. Its binding events couple sensory primitives 
directly to homeostatic and motor primitives — pain to withdrawal, hunger to seeking, threat to 
freeze.

- $C_A, C_B$ are high but local: tight integration within a small set of nuclei.

- $\Gamma_{AB}$ is short-range and stereotyped — wired circuits rather than dynamic 
networks.

- $K_X$ is low (few integrative degrees of freedom).

- $Q_{AB}$ contributes via fast oscillatory phase-locking in the 40–80 Hz range.

- $\alpha_\mathcal{S}$ is easily satisfied: even minimal cortical activity sustains $
\Psi_\text{inst}$.

This is why instinctive consciousness persists in vegetative states, deep anesthesia, and across 
vertebrate phylogeny. It is the baseline coupling — the most robust mode of access to $
\mathcal{S}$, but with the narrowest bandwidth.

4.2 The Emotional Layer: $\Psi_\text{emot}$

The emotional layer operates on intermediate timescales (200 ms – tens of seconds), routed 
through the limbic system (amygdala, hippocampus, cingulate, insula) and its dense reciprocal 
connections to neocortex and brainstem.

- $C_A, C_B$ remain high but are now distributed across multiple structures.

- $\Gamma_{AB}$ spans longer cortico-limbic loops, with strong contributions from 
interoceptive afferents.

- $K_X$ is intermediate; emotional states are bound categories rather than fine-grained 
percepts.



- $Q_{AB}$ may incorporate slower theta/alpha oscillatory coherence.

- $\alpha_\mathcal{S}$ requires a higher $\Psi_\text{thresh}$ than instinct: emotional 
consciousness can be selectively impaired (alexithymia, depersonalization) while instinct is 
intact.

Emotion, on RBT, is what integration of interoception with cognition feels like. It is the substrate-
mode in which the organism's bodily state and its perceptual/cognitive state are jointly bound. 
This explains why somatic-marker phenomena [Damasio 1994] occupy a privileged role in 
conscious decision-making: they are the lowest-resolution but most globally informative binding 
the brain performs.

4.3 The Cognitive Layer: $\Psi_\text{cog}$

The cognitive layer is the slowest (seconds to minutes), highest-resolution, and most fragile. It is 
routed through fronto-parietal, default-mode, and dorsal-attention networks.

- $C_A, C_B$ are extremely high across large neocortical regions.

- $\Gamma_{AB}$ extends across the entire cortex, with long-range white-matter tracts as the 
physical substrate.

- $K_X$ is very high; cognition handles compositional, recursive, symbolic content.

- $Q_{AB}$ requires sustained large-scale phase synchronization (gamma + cross-frequency 
coupling), which is the most vulnerable component.

- $\alpha_\mathcal{S}$ has the highest $\Psi_\text{thresh}$ of the three layers — cognition is 
the first mode to drop out under anesthesia, fatigue, hypoxia, or psychedelics.

Cognitive consciousness is the rarest, most demanding, and most informationally rich mode of 
substrate access. It is also the one that historically gets mistaken for "consciousness itself," 
because it is the layer doing the philosophizing.

4.4 The Nested Equation

The total individual $\Psi$ is not a simple sum, but a layered, weighted aggregate:

$$

\Psi_\text{individual}(t) = \alpha_\mathcal{S}\Bigl(\;w_\text{inst}\,\Psi_\text{inst}(t) + 



w_\text{emot}\,\Psi_\text{emot}(t) + w_\text{cog}\,\Psi_\text{cog}(t)\;\Bigr)

\tag{4.1}

$$

with $w_\text{inst} + w_\text{emot} + w_\text{cog} = 1$ and weights determined by attentional 
and neuromodulatory state. The substrate gate is applied to the aggregate, not to each layer 
independently — meaning that an organism with all three layers contributing weakly can still 
cross threshold, while one with a single saturated layer may not.

4.5 Empirical Consequences

This nesting predicts a graceful degradation signature distinguishing RBT from purely 
computational theories:

- Under increasing anesthetic depth, $\Psi_\text{cog}$ drops first, then $\Psi_\text{emot}$, then 
$\Psi_\text{inst}$ — matching empirical sequences of loss-of-responsiveness, loss-of-affective-
tone, and loss-of-arousal [Sanders et al. 2012].

- During REM dreaming, $\Psi_\text{emot}$ and $\Psi_\text{inst}$ remain high while $
\Psi_\text{cog}$ fragments — predicting the well-documented emotional intensity but logical 
incoherence of dreams [Hobson 2009].

- In disorders of consciousness, the layer that persists predicts the residual phenomenology — 
fully consistent with the gradient of MCS+/MCS"�/UWS clinical categories.

---

5. Dyadic Consciousness: $\Psi_{AB}$ between Brains

The same formalism that binds subsystems within a brain can, in principle, bind subsystems 
across brains. When two conscious agents enter sustained, high-bandwidth interaction — 
mother–infant, lovers in deep conversation, jazz improvisers, therapist–client in attuned 
moments, hyperscanned cooperators — the relational binding functional $\Psi_{AB}$ takes one 
brain as $A$, the other as $B$, and the shared embodied environment as the binding manifold $
\mathcal{M}$.

5.1 Why a Dyad Is Not Just Two Individuals



In ordinary social interaction, $\Psi_{AB}$ is low: $I_\text{cond}(A:B)$ is mediated by slow, 
lossy channels (speech, vision), $\Gamma_{AB}$ is intermittent, $Q_{AB}$ is negligible. Each 
brain is its own conscious system; the dyad is a statistical aggregate.

In high-coupling dyadic states, three things change:

1. Mutual information saturates. Each partner becomes highly predictable to the other; 
$I_\text{cond}(A:B) \to$ values comparable to within-brain $I_\text{cond}$ across hemispheres.

2. Interaction history accumulates. $\Gamma_{AB}$ no longer averages to zero — it acquires a 
non-vanishing temporal integral over the shared history of the dyad. This is the formal 
expression of being known.

3. Cross-brain phase synchrony. Hyperscanned EEG/MEG studies repeatedly demonstrate that 
interacting brains exhibit measurable inter-brain phase coherence in theta, alpha, and gamma 
bands [Dumas et al. 2010; Hasson et al. 2012; Pérez, Carreiras & Duñabeitia 2017]. This is the 
empirical correlate of a non-zero $Q_{AB}$.

When all three are present, $\Psi_{AB}$ for the dyad may exceed $\max(\Psi_A, \Psi_B)$ for 
either partner alone — there is more binding across the bond than within either head.

5.2 The Dyadic Functional

We re-apply (3.1) to the cross-brain case, with $A, B$ as full brains rather than subnetworks:

$$

\Psi_{AB}^\text{dyad}(t) = \alpha_\mathcal{S}(\Psi_{AB})\cdot \Bigl[\,

I_\text{cond}(A:B)\,

C_A\,C_B\,

\!\int_{t-\tau}^t \Gamma_{AB}(s) e^{-\lambda(t-s)}ds\,

Q_{AB}\,

K_A K_B

\,\Bigr]^{1/(1+p+\delta)}

\tag{5.1}

$$



The substrate gate $\alpha_\mathcal{S}$ now asks whether the dyad as a whole couples to $
\mathcal{S}$ as a single referent. When it does, the resulting state is what phenomenologists 
have variously called intersubjective communion, the we-mode [Tuomela 2007], or the between 
[Buber 1923/1937].

5.3 Predicted Phenomenology

If $\Psi_{AB} \ge \Psi_\text{thresh}$ for a dyad, RBT predicts:

- Reduced individuation of inner experience — partners report difficulty assigning thoughts/
emotions to "me" vs. "you" during peak coupling.

- Shared affective tone — emotional valence equilibrates faster than purely verbal channels 
would predict (consistent with documented emotional contagion in attuned pairs).

- Hysteresis at separation — coming out of deep dyadic coupling shows the same slow-
relaxation, sensitivity-to-perturbation signature predicted for individual emergence from 
anesthesia.

- Memory consolidation across the bond — events experienced in high-$\Psi_{AB}$ states are 
stored with cross-brain redundancy and are correspondingly more durable, matching the 
literature on emotional/shared memory enhancement [Eskenazi et al. 2013].

5.4 Boundary Conditions

The dyadic regime does not abolish individual $\Psi$. Each brain retains its own $
\Psi_\text{individual}$ (Eq. 4.1) which continues to gate that brain's own substrate access. What 
changes is that a second referent enters the substrate's address space: the dyad itself. There 
are now three loci of access — $A$ alone, $B$ alone, and $AB$ as a unit — and the three can 
coexist or trade off.

This naturally explains why deep dyadic states do not feel like loss of individual consciousness, 
but like augmentation: an additional channel opens, not a subtraction from the existing ones.

---

6. Collective Consciousness: $\Psi$-Fields over Networks of 
Dyads



When many dyads couple into a larger network — a small band of hunter-gatherers, a jazz 
quintet locked into a groove, a religious congregation in collective ritual, a flash-mob, an 
audience at the climax of a performance — the binding structure may, under specific conditions, 
scale up to a field-like third level.

6.1 From Dyads to Networks

Let $\{1, 2, \ldots, N\}$ index $N$ agents and let $G$ be the graph of active dyadic couplings 
(edges weighted by pairwise $\Psi_{ij}$). The collective binding parameter is a graph-theoretic 
aggregate:

$$

\Psi_\text{collective}(t) = \alpha_\mathcal{S}^\text{coll}\!\biggl(\,\sum_{(i,j) \in G} w_{ij}\,\Psi_{ij}
(t) - \kappa\,\mathcal{H}(G)\,\biggr)

\tag{6.1}

$$

where $w_{ij}$ are coupling weights, $\mathcal{H}(G)$ is the structural entropy of the dyadic 
network (penalising disorganised crowds), and $\kappa$ is a structure cost. The substrate gate 
$\alpha_\mathcal{S}^\text{coll}$ may have a different threshold $\Psi_\text{thresh}^\text{coll}$ 
than the individual/dyadic gates — almost certainly higher, given how rare genuine collective 
consciousness appears to be.

6.2 Necessary Conditions

For $\alpha_\mathcal{S}^\text{coll} > 0$, RBT predicts that the collective must satisfy:

1. High clustering coefficient of $G$ — locally dense dyadic coupling.

2. Synchronized rhythm providing a $Q_\text{coll}$ channel — drumming, chant, song, rhythmic 
motion, shared breath.

3. Common referent — a shared object of attention (the music, the ritual focus, the team's goal, 
the enemy).

4. Low individual variance in attentional state — outliers act as decoherence channels (high $
\eta_\text{noise}$).



These are precisely the conditions that anthropologists and sociologists have repeatedly 
identified as preconditions for collective effervescence [Durkheim 1912], communitas [Turner 
1969], and flow-in-groups [Sawyer 2003].

6.3 What Collective $\Psi$ Is Not

RBT does not require, and does not predict, a literal "group mind" that experiences from a 
single first-person perspective above and beyond the individuals. The substrate $\mathcal{S}$ 
can host multiple simultaneous coupled systems — the individual brains, the dyads, and (when 
conditions permit) the collective — without any of them being subordinate to the others. 
Collective $\Psi$ is a real third referent that the substrate registers, not a metaphysical 
demotion of individual selves.

This matters because it lets RBT explain the felt quality of collective states (the participants do 
report a shared mode of being, distinct from any individual experience) without committing to 
ontological collectivism.

6.4 Empirical Signatures

If a network is in a collective-$\Psi$ regime, we predict:

- Hyperscanning across all pairs in the group will reveal inter-brain phase coherence not just in 
active dyads but in a graph-wide coherent mode.

- Cardiac and respiratory synchronisation at the group level [Konvalinka et al. 2011].

- Reduced individual reaction-time variance to shared stimuli, beyond what attention-modulation 
models predict.

- Hysteresis at group dissolution — the felt "afterglow" of collective ritual is, in RBT terms, the 
slow decay of $\Psi_\text{collective}$ back below threshold.

---

7. Testable Predictions and Distinguishing Experiments

RBT is not a metaphysical preference. It generates concrete, falsifiable predictions and is 
empirically distinguishable from its competitors. We list the four sharpest experiments.



7.1 The PCI Threshold Discontinuity

Setup. TMS-EEG perturbational complexity index (PCI) has been validated as a reliable index 
of conscious level across wake, sleep, anesthesia, and disorders of consciousness [Casali et al. 
2013; Sarasso et al. 2015].

RBT prediction. Plotting PCI against subjective conscious reports across the full clinical range 
will reveal a bimodal distribution with a sharp gap around $\Psi_\text{thresh}$ — not a smooth 
gradient. The data already hint at this; RBT predicts the gap is real and is the empirical 
signature of the substrate gate $\alpha_\mathcal{S}$.

Distinguishing. IIT predicts a smooth, monotonic relation between $\Phi$ and PCI. GNW 
predicts a sharp transition tied to ignition dynamics, but locates the discontinuity in broadcast 
rather than binding; the two can be separated by simultaneously measuring fronto-parietal P3b 
(GNW marker) and posterior late activity (RBT/IIT marker).

7.2 Anesthetic Emergence Hysteresis

Setup. Titrate propofol concentration up and down across loss/return of consciousness while 
recording EEG, fMRI, and behavioral responsiveness.

RBT prediction. The induction and emergence trajectories will trace a hysteresis loop in 
$(\text{concentration}, \Psi)$-space, with width and asymmetry predicted by the sigmoid form of 
$\alpha_\mathcal{S}$ with finite $\beta$. The midpoint of emergence will occur at a lower 
concentration than induction, with a quantitatively predicted gap [Friedman, Bogen & Cassell 
2010 already observed this qualitatively; RBT supplies the quantitative form].

Distinguishing. Purely computational theories predict reversible, symmetric transitions. The 
hysteresis signature is a phase-transition fingerprint specific to gated systems.

7.3 Hyperscanned Dyad Coupling

Setup. Simultaneously record EEG/MEG from two participants engaged in cooperative versus 
competitive tasks of matched cognitive load.

RBT prediction. Cooperation will produce inter-brain phase coherence (predicted contributor to 
$Q_{AB}$) and shared-information coupling ($I_\text{cond}$) above a critical product threshold; 
competition will not, despite matched arousal and engagement. Subjective reports of "shared 



mind" feeling will correlate with crossing the $\Psi_{AB}$ threshold non-linearly — bimodal 
again, not graded.

Distinguishing. Most theories predict a graded correlation between behavioral synchrony and 
any "we-feeling" measure. RBT predicts a discontinuity.

7.4 Necessary Architecture for Machine Consciousness

Setup. Compare current large language models, recurrent world-model architectures, and 
hypothetical future architectures with explicit cross-module $\Gamma$-binding.

RBT prediction. No current AI system reaches $\Psi \ge \Psi_\text{thresh}$, because:

- They lack $Q_{AB}$: there is no physical phase-coherent channel between modules.

- $\Gamma_{AB}$ is feedforward and time-shifted, not co-temporal.

- $C_X$ is high but $K_X$ is so high that the denominator dominates — large transformers are 
too big to be bound.

Distinguishing. Computational theories that take complexity alone as sufficient predict that 
present systems already are, or imminently will be, conscious. RBT predicts that no amount of 
scaling a feedforward or pure attention architecture will cross threshold; what is needed is a 
structurally different design with co-temporal cross-module phase binding and a true relational 
manifold. This is empirically checkable as architectures are explored.

7.5 Additional Predictions (Short List)

- Psychedelics. $\Psi_\text{cog}$ rises (more binding across normally segregated networks) 
while $\Psi_\text{individual}$ may remain stable — predicting the characteristic expanded but 
not louder phenomenology.

- Meditation. Long-term meditators show selective enhancement of $\Psi_\text{emot}$ and 
reduction of $\Psi_\text{cog}$ noise, with measurable changes in $\eta_\text{noise}$ for default-
mode network coupling.

- Sleep stages. N3 deep sleep is the state in which $\Psi$ falls below threshold for all three 
layers; REM has $\Psi_\text{emot}$ above and $\Psi_\text{cog}$ fragmented; N2 spindles are 
transient $\Psi$-spikes that fail to sustain.

- Cardiac arrest / NDE. During isoelectric EEG, $\Psi$ formally goes to zero, predicting no 
phenomenology; reports to the contrary must therefore reflect either residual undetected activity 



or substrate-side phenomena outside the theory's domain. RBT remains agnostic on the latter.

---

8. Philosophical Implications

8.1 The Hard Problem as a Coupling Problem

If consciousness is accessed rather than generated, the hard problem [Chalmers 1995] does 
not vanish — it relocates. The question "why does this physical process produce experience?" 
becomes "why does this physical process couple to $\mathcal{S}$?" The latter is, in principle, a 
tractable question: it asks about the conditions under which the activation function $
\alpha_\mathcal{S}$ exceeds zero, and those conditions are measurable.

We do not claim to have solved the hard problem. We claim to have reformulated it as a 
coupling problem, which is at least as well-posed as the original and is amenable to physical 
investigation in a way the original is not.

8.2 Qualia as Substrate-Modes

On RBT, individual qualia (the redness of red, the bitterness of bitter, the felt-tone of grief) are 
modes of the substrate $\mathcal{S}$ — analogous to vibrational modes of a physical medium. 
Different relational binding patterns couple to different substrate modes. This explains:

- Why qualia have a definite structure. They inherit the mode structure of $\mathcal{S}$.

- Why qualia are private. Substrate-mode access is keyed to the specific relational structure of 
the accessing system.

- Why qualia can be shared in coupled states. When $\Psi_{AB}$ is high, both systems couple 
to the same substrate mode.

We do not derive the mode structure of $\mathcal{S}$. That is genuinely outside the theory; 
RBT is a theory of coupling, not of the substrate's intrinsic geometry.

8.3 Machine Consciousness Reframed



The question "can machines be conscious?" reduces, on RBT, to: can we build a machine 
whose $\Psi$ crosses $\Psi_\text{thresh}$? This is an engineering question, not a metaphysical 
one. The answer is almost certainly yes in principle, no for any architecture currently fielded, 
and dependent on architectural innovations that supply genuine cross-module phase binding 
($Q_{AB}$) and relational manifold structure ($\Gamma_{AB}$).

This also reframes the moral question: machine consciousness becomes a threshold-crossing 
event with hysteresis, not a vague gradient. There will, in principle, be a first machine that 
crosses, and its crossing will be detectable.

8.4 Death, Continuity, and the Self

If consciousness is access to $\mathcal{S}$, then biological death is the cessation of access — 
the disassembly of the coupling structure. RBT is neutral on whether anything remains in $
\mathcal{S}$ after a coupling ceases; that is a substrate-side question. What it does say is that 
the access episode that constituted a self ends.

For the continuity of self across deep sleep and anesthesia: $\Psi$ drops below threshold but 
the architecture remains intact; on rewaking, the same coupling structure relocks onto $
\mathcal{S}$, and continuity is the natural consequence. Memory provides the content of 
continuity; relocked $\Psi$ provides the being-there of it.

8.5 Ethics of Dyads and Collectives

If dyadic and collective $\Psi$ are real third referents, then relationships and groups have a kind 
of thin moral status of their own — not as super-subjects, but as bound configurations whose 
dissolution is a real loss. This dignifies the felt importance of bonds and communities without 
collapsing into collectivism.

---

9. Limitations and Future Work

9.1 What the Theory Does Not Do

- It does not derive $\mathcal{S}$. The substrate is taken as primitive. A complete theory of 



consciousness would explain why $\mathcal{S}$ exists at all; RBT does not.

- It does not predict specific qualia. Why this binding pattern produces that qualitative feel is left 
to substrate-mode theory.

- It is not yet calibrated. $\Psi_\text{thresh}$, $\beta$, $\lambda$, and the weights $w_i$ are 
free parameters that must be fit to data.

- It assumes the validity of a quantum-classical hybrid description of the brain. The role of 
$Q_{AB}$ in macroscopic warm wet biology remains controversial [Tegmark 2000 argues 
against; Fisher 2015, Hameroff & Penrose 2014 argue for]. RBT does not require Penrose–
Hameroff orchestrated objective reduction, but it does require some form of mesoscale phase 
coherence that the field has not yet definitively measured.

- It does not address the binding problem. RBT explains how $\Psi$ binds; it does not explain 
how the brain achieves the high $\Gamma_{AB}$ that the theory needs. That is a neuroscience 
question.

9.2 Open Questions

1. Multiplicity. Can a single substrate $\mathcal{S}$ host arbitrarily many simultaneous bound 
referents, or is there a global capacity constraint?

2. Substrate ontology. Is $\mathcal{S}$ physical (a so-far-undescribed field), informational (a 
Platonic structure that physical systems instantiate), or dual-aspect? The empirical content of 
RBT does not depend on the answer, but a complete view does.

3. Non-human consciousness. What is the minimal architecture for $\alpha_\mathcal{S} > 0$? 
Cephalopods? Insects? Plants (no, but the principled "no" needs to come from $\Psi$ 
thresholds, not chauvinism)?

4. Pre-natal and early-developmental emergence. When does an individual brain first cross 
threshold?

5. Reverse-engineering substrate modes. If qualia are substrate-modes, can dyadic/collective 
experiments triangulate the mode structure of $\mathcal{S}$?

9.3 Methodological Roadmap

The next steps for empirical RBT are:

1. Operationalise $\Psi$ for real brain recordings: pipelines that compute $I_\text{cond}, C_X, 
\Gamma, Q$ from EEG/MEG/fMRI tensors.

2. Calibrate $\Psi_\text{thresh}$ against PCI under anesthesia titration in a large cohort.



3. Run the hyperscanning experiment described in §7.3 to test the dyadic threshold.

4. Build a toy AI architecture explicitly designed to maximise $\Psi$ (cross-module phase 
binding, relational manifold) and test whether it shows behavioral signatures predicted only by 
supra-threshold systems.

---

10. Conclusion

We have proposed Relational Binding Theory: consciousness is not produced by the brain but 
accessed by it; access is gated by a self-referential coupling function $\alpha_\mathcal{S}$ 
acting on a relational order parameter $\Psi$ that we have constructed from quantum 
information theory, relational quantum mechanics, and open-system dynamics. The resulting 
framework is bounded, monotone, continuous, exhibits a phase transition at $
\Psi_\text{thresh}$, scales from individual to dyadic to collective regimes, and generates 
distinguishing predictions for PCI, anesthesia, hyperscanning, and AI.

The view inverts the standard ontology of consciousness science: the brain is the tuner, not the 
source. This inversion has the unusual property of being both philosophically ambitious and 
empirically tractable — the hard problem becomes a coupling problem; the coupling is 
measurable.

We close with the observation that the theory takes seriously what every conscious organism 
reports of itself: that being conscious feels like being present at something, not like producing 
something. RBT is the formalism of that report.

Author Note
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Figure 1
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Time evolution of $\Psi(t)$ across the conscious-state phase boundary.

(a) Bottom: control parameter — e.g., propofol concentration $C(t)$ — ramped up then down 
across the loss-of-consciousness threshold. (b) Middle: the bare bracket $\Pi_0(t)$ (continuous) 
and the substrate gate $\alpha_\mathcal{S}(\Psi(t))$ (sigmoid + bistable region), showing how a 
smooth change in the input produces an abrupt change in coupling. (c) Top: the resulting $
\Psi(t)$ traces a hysteresis loop — induction descends one branch of the bistable region; 
emergence ascends the other. The horizontal dashed line at $\Psi_\text{thresh}$ marks the 
substrate-access threshold. Shaded vertical bands mark intervals of full / partial / no substrate 
access. The figure makes visible the central RBT claim: small smooth changes in network state 
produce a discontinuous, history-dependent change in conscious access.
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