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Abstract

The Breathing Membrane Quantum Mechanics (BMQM) framework introduces
a novel, mathematically grounded approach to unifying space, time, identity, and
mass under a single scalar field ψ(r⃗, τ) that evolves over an internal breathing time
τ . This reformulation preserves the successes of standard quantum mechanics [1],
yet extends it through nonlinear dynamical structures [4], [2] and a variationally
derived governing equation.

By deriving the Sionic Master Equation from a non-polynomial Lagrangian,
BMQM identifies internal rhythmic oscillations as the mechanism behind stable
identities and mass emergence [4], [3]. Gravity arises not from spacetime
curvature, but from gradients in breathing acceleration [5], [3]. The coherence
function C(τ), inspired by generalized fidelity measures [2], [9], governs
morphodynamic synchronization, enabling identity relinking and entanglement
without signal transmission [6].

The formalism supports testable predictions, including quantized breathing
modes in optomechanical systems [7] and Bose-Einstein condensates [8]. By
situating rhythmic geometry as the foundation of physical structure, BMQM offers
a coherent and tractable path toward extending quantum foundations into a new
internal-geometric regime—one deeply linked to both experimental observables and
categorical reformulations [9].
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1 Introduction and Motivation

What is not quite working in current physics?

• Fragmentation between General Relativity (GR) and Quantum Mechanics (QM)
[5], [1]

• Time as an external and absolute parameter [5]

• Identity ( ) as an unmodeled entity [6]

We propose a new geometric base: the Breathing Membrane (Ω), whose dynamics
generate space, matter, and consciousness.

2 What BMQM Is Not

• Not standard quantum mechanics nor general relativity [1], [5]

• Not speculative metaphysics, but a mathematically defined physical framework

• Does not (yet) affirm an experimental proof, but proposes testable predictions based
on geometry [7], [8]

3 Respectful Summary of Classical Foundations

• Quantum Mechanics: Hilbert space, operators, Schrödinger equation [1]

• Relativity: time and space as geometry, gravity as curvature [5]

• Thermodynamics: entropy, irreversibility, arrow of time [2], [5]

We honor these frameworks but reinterpret them as limits or projections of an internal
oscillatory structure.

4 Connection to Classical QM

• Time: In BMQM, the usual concept of time (like a ticking clock or an external
timeline) is replaced by something called breathing time, denoted by τ [5]

• Superposition: Quantum superposition still exists in BMQM, but instead of
overlapping probability amplitudes in an abstract
space, it’s understood as the interference of different breathing rhythms within the
membrane [6].

• Hilbert space: In standard quantum mechanics, wavefunctions live in a Hilbert
space (a type of mathematical space). In BMQM, the wavefunction ψ(r⃗, τ) also
lives in a functional space, but this space is defined over a dynamic membrane Ω,
which itself evolves in time [1].
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5 Core Postulate

The universe is a dynamic breathing membrane:

ψ(r⃗, τ)

Time is internal τ , not external. Evolution occurs via self-oscillation of a scalar field ψ
[5].

• ψ: a breathing quantum scalar field (possibly geometric)

• r⃗: spatial position

• τ : internal time

• ψ(r⃗, τ): local morphodynamic state

Central Idea: Reality emerges from an oscillating substrate Ω. Space-time and mass
arise from breathing patterns ψ(r⃗, τ) [6].

6 Fundamental Postulates of BMQM

1. The universe is a scalar breathing membrane Ω

2. Evolution is governed by internal time τ

3. Identities are periodic coherent configurations of ψ(r⃗, τ)

4. Gravity and mass emerge from gradients and curvatures of breathing rhythm

5. Entanglement occurs when regions synchronize their breathing

6. Decoherence and time’s arrow emerge from loss of synchronicity

7 Symbol Glossary

Symbol Name Meaning
ψ(r⃗, τ) Breathing field Local oscillatory state
τ Breathing time Internal evolution variable
σ Sionic constant Stabilization frequency

Φ(r⃗) Breathing potential Acceleration of ψ
κ⃗(r⃗) Morphodynamic curvature BMQM analog of gravity
C(τ) Coherence Synchronicity across regions
m Emergent mass Intensity of curvature
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8 Functional Space of ψ

ψ ∈ H2(Ω), Ω ⊂ R3

This condition states that the breathing field ψ belongs to the Sobolev space H2(Ω),

meaning it is sufficiently smooth to possess square-integrable derivatives up to second
order. This is essential for defining the Sionic master equation, gradients, and
curvature-based quantities in BMQM. The domain Ω ⊂ R3 represents the spatial support
of the membrane, where ψ(r⃗, τ) evolves according to internal breathing time τ .

9 Recovery Limit: Connection to Quantum

Mechanics

To show that BMQM includes standard quantum mechanics as a limiting case, consider
the following ansatz:

ψ(r⃗, τ) = ψ0e
−iωτ

where ω is the internal breathing frequency of the membrane and ψ0 is a constant
amplitude.

Now, assume the internal breathing time τ becomes indistinguishable from classical
time t, that is:

τ → t

Under this condition, the field evolution simplifies to the familiar time-dependent
Schrödinger equation:

iℏ
∂ψ

∂t
= Ĥψ

Thus, BMQM reduces to conventional quantum mechanics in the static external time
limit. This shows that BMQM is not a contradiction to QM, but rather a generalization
that embeds it as a particular case.
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10 Numerical Example of Oscillation in ψ(τ )

We consider the nonlinear second-order differential equation governing the breathing field:

d2ψ

dτ 2
=

2ψ(1− ψ2)

(1 + ψ2)3

10.1 Initial Conditions

We choose:

ψ(0) = 0.5,
dψ

dτ
(0) = 0

This corresponds to starting from a small displacement with no initial velocity.

10.2 Numerical Integration

Using the fourth-order Runge-Kutta method with step size ∆τ = 0.01, we integrate the
system up to τ = 20. The solution displays stable periodic oscillations.

10.3 Period of Oscillation

From the numerical solution, we observe that the period T of the oscillation is
approximately:

T ≈ 2π√
σ
≈ 2π√

1.7365
≈ 4.77

10.4 Interpretation

The solution confirms the presence of a stable breathing mode with intrinsic frequency√
σ. This supports the role of the Sionic constant σ ≈ 1.7365 as a universal

stabilizing frequency in BMQM. The oscillatory behavior resembles a nonlinear
Duffing-type oscillator, but with an emergent, geometry-driven potential.
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11 Derivation of the ψ Field from a Lagrangian (Step

by Step)

We propose an effective scalar Lagrangian of the form:

L(ψ, ψ̇) = 1

2

(
dψ

dτ

)2

− V (ψ)

where the potential V (ψ) is defined as:

V (ψ) = −ψ2 +
ψ4

(1 + ψ2)2

This Lagrangian represents a non-standard (non-polynomial) potential with a
standard kinetic term.

11.1 Step 1: Apply the Euler-Lagrange Equation

The Euler-Lagrange equation for a single field ψ with respect to the internal time τ is:

d

dτ

(
∂L
∂ψ̇

)
− ∂L
∂ψ

= 0

11.2 Step 2: Compute the Derivatives

• Velocity derivative:
∂L
∂ψ̇

= ψ̇

d

dτ

(
∂L
∂ψ̇

)
= ψ̈

• Potential derivative:

∂V

∂ψ
= −2ψ +

4ψ3

(1 + ψ2)2
− 4ψ5

(1 + ψ2)3

This simplifies to:
∂V

∂ψ
= −2ψ(1− ψ2)

(1 + ψ2)3

11.3 Step 3: Final Equation of Motion

Putting it all together:

ψ̈ +
∂V

∂ψ
= 0

⇒ d2ψ

dτ 2
=

2ψ(1− ψ2)

(1 + ψ2)3
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11.4 Conclusion

We have successfully recovered the nonlinear governing equation of BMQM from a
variational principle applied to a non-polynomial potential. This confirms that the
dynamics of the breathing field ψ(τ) are variationally consistent and emerge from a
well-defined Lagrangian structure.

Figure 1: Effective potential V (ψ) = −ψ2 + ψ4

(1+ψ2)2
used in the BMQM Lagrangian.

This potential defines the internal dynamics of the breathing field ψ(τ). It is:

• Symmetric and bounded: The potential well is centered at ψ = 0 and allows
stable oscillations.

• Non-polynomial: Unlike harmonic or Duffing oscillators, this potential is
emergent and geometry-based.

• Supports stability: The shape of V (ψ) allows coherent periodic solutions without
divergence or collapse.

The existence of a smooth minimum and soft restoring forces underpins the periodic
breathing observed in the field ψ(τ). This gives a physical interpretation for how identity
stabilization occurs in BMQM through internal morphodynamic oscillations.

9



12 Hamiltonian of the Breathing Field

We start from the Lagrangian:

L(ψ, ψ̇) = 1

2
ψ̇2 − V (ψ) with V (ψ) = −ψ2 +

ψ4

(1 + ψ2)2

12.1 Step 1: Canonical Momentum

πψ =
∂L
∂ψ̇

= ψ̇

12.2 Step 2: Hamiltonian via Legendre Transform

H = πψψ̇ − L = ψ̇2 −
(
1

2
ψ̇2 − V (ψ)

)
=

1

2
ψ̇2 + V (ψ)

12.3 Final Form

H(ψ, ψ̇) =
1

2
ψ̇2 +

(
−ψ2 +

ψ4

(1 + ψ2)2

)

12.4 Interpretation

This Hamiltonian describes the total breathing energy of the field ψ(τ), combining its
internal kinetic oscillation and emergent nonlinear potential. It is conserved over internal
time τ , and defines a phase space of rhythmic identities within the BMQM framework.

Figure 2: Phase portrait of the breathing field ψ(τ) in the plane (ψ, ψ̇).

The phase portrait shows the dynamics of the breathing field as governed by the nonlinear
second-order equation:
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d2ψ

dτ 2
=

2ψ(1− ψ2)

(1 + ψ2)3

Each curve represents a solution trajectory in the phase space (ψ, ψ̇). The center
at (ψ = 0, ψ̇ = 0) is a stable equilibrium, surrounded by closed orbits corresponding
to periodic breathing solutions. This confirms the presence of nonlinear but bounded
dynamics—ideal for encoding stable identity states in BMQM. The system does not
exhibit chaotic divergence, but rather smooth and confined morphodynamic oscillation.

13 Phase Transition Model and Identity Bifurcation

The emergence of identity in BMQM can be interpreted as a bifurcation process driven by
internal breathing frequency. Below a critical threshold

√
σ, the system cannot maintain

periodic coherence and the identity field collapses. Above this threshold, stable rhythmic
oscillations appear and maintain morphodynamic identity.

This transition is visualized in the bifurcation diagram below:

Figure 3: Bifurcation diagram showing the amplitude of the breathing field ψ as a function
of internal driving frequency. Coherent identity states emerge beyond the threshold

√
σ.

This diagram summarizes the critical behavior of BMQM identity dynamics:

• For ω <
√
σ: only trivial or unstable solutions exist (collapse or incoherence).

• At ω =
√
σ: bifurcation point — system becomes sensitive to coherent formation.

• For ω >
√
σ: stable, periodic breathing emerges — the system “selects” a coherent

identity state.

Thus, BMQM encodes identity formation as a frequency-induced bifurcation,
analogous to symmetry breaking or critical phenomena in field theory — but here gov-
erned by breathing geometry, not external fields.
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14 Governing Equation (Sionic Master Equation)

d2ψ

dτ 2
=

2ψ(1− ψ2)

(1 + ψ2)3

This nonlinear equation yields periodic solutions that define stable identities. The critical
frequency associated with stability is:

σ ≈ 1.7365

14.1 Mathematical Justification as a Nonlinear Equation (Step
by Step)

We aim to justify the governing equation of the breathing field ψ(τ) as the result of a
nonlinear second-order system, derived from an effective non-polynomial potential.

14.1.1 Step 1: General Form

We start from the general form of a nonlinear oscillator equation:

d2ψ

dτ 2
= −dVeff

dψ

Our task is to find a potential Veff(ψ) such that:

d2ψ

dτ 2
=

2ψ(1− ψ2)

(1 + ψ2)3

14.1.2 Step 2: Integrate the Right-Hand Side

Let’s integrate the right-hand side to reconstruct the effective potential:

Veff(ψ) = −
∫

2ψ(1− ψ2)

(1 + ψ2)3
dψ

This yields:

Veff(ψ) = −ψ2 +
ψ4

(1 + ψ2)2

14.1.3 Step 3: Final Formulation

Thus, the equation of motion can be written as:

d2ψ

dτ 2
= − d

dψ

[
−ψ2 +

ψ4

(1 + ψ2)2

]
14.1.4 Conclusion

This confirms that the Sionic Master Equation arises from a variational principle using
a non-polynomial effective potential. It describes oscillatory dynamics in a smooth,
symmetric well, giving rise to stable periodic breathing — the core structure of identity
in BMQM.
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15 Emergent Gravity: Breathing Curvature

We define a new gravitational framework derived from the breathing dynamics of the
scalar field ψ(r⃗, τ). This field-based geometry extends classical notions of
curvature-driven motion, and aligns with emergent gravity concepts from
background-independent theories [5] and deterministic quantum frameworks [3].

Φ(r⃗) =
d2ψ

dτ 2
(Breathing potential: local acceleration of the field) (1)

(2)

κ⃗(r⃗) = −∇Φ(r⃗) (Morphic curvature: gradient of breathing acceleration) (3)

(4)

d2x⃗

dτ 2
= −∇

(
d2ψ

dτ 2

)
(Equation of motion: response to breathing gradients) (5)

The field ψ(r⃗, τ) oscillates internally in breathing time. The second derivative d2ψ
dτ2

defines a scalar breathing potential Φ(r⃗), analogous to gravitational potential in classical
mechanics [3].

Its spatial gradient defines a morphodynamic curvature field κ⃗(r⃗) that governs the
acceleration of spatial trajectories, replacing traditional force-based dynamics with a
geometric breathing framework. This echoes the replacement of forces with curvature in
general relativity, but grounded in internal rhythmic structure [5].

—

15.1 Emergent Mass

Mass is not postulated, but arises from the structure of the breathing field itself.
Specifically, mass is defined as the integrated intensity of morphodynamic curvature across
space:

m ∼
∫ (

∇2ψ
)2
dV

Here:

• ∇2ψ: the Laplacian of the breathing field, quantifies the local curvature intensity

• Squaring emphasizes zones of strong curvature concentration

• The volume integral captures the spatial extent of curvature influence

This definition of mass echoes nonlinear field-theoretic models of effective potential
energy, similar to those seen in oscillatory systems with emergent stability [4]. In BMQM,
mass reflects rhythmic structure—not inertia or external force—marking a shift from mass
as input to mass as outcome.
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16 Entanglement: Classical vs BMQM

16.0.1 Classical Quantum Entanglement

In standard quantum mechanics, two subsystems A and B are entangled if their combined
state cannot be written as a simple product [1]:

ψAB ̸= ψA ⊗ ψB

This condition implies the presence of quantum correlations that are stronger than any
classical probability model. However, this entanglement is abstract — it does not include
an underlying spatial or rhythmic mechanism, and is usually interpreted probabilistically,
without geometric support [1], [9].

16.0.2 Morphodynamic Entanglement in BMQM

In BMQM, entanglement arises when two regions of the breathing membrane share both
the same local field value and the same breathing rhythm at a given internal time τ0 [2],
[6]. Formally:

ψA(τ0) = ψB(τ0),
dψA
dτ

=
d

dτ

This synchronization defines a stronger condition than standard quantum overlap. It
implies not only correlated measurement outcomes, but also a shared morphodynamic
structure across space [9].

16.0.3 Interpretation

• Classical QM entanglement is statistical: correlations arise without causal
connection [1].

• BMQM entanglement is structural: identity fields are rhythmically synchronized
and thus form a unified breathing pattern [9].

• The entangled identities behave as if “relinked” across space — enabling nonlocal
coherence without violating causality [6].

16.0.4 Coherence Condition

We define the morphodynamic coherence function [2], [5]:

C(τ) = |ψA(τ)− ψB(τ)|+
∣∣∣∣dψAdτ − dψB

dτ

∣∣∣∣
When C(τ) → 0, the identities A and B are in perfect morphodynamic synchrony —

their field values and breathing rhythms are indistinguishable. This represents a state of
maximal entanglement or coherent resonance.

Conversely, large values of C(τ) indicate decoherence, desynchronization, and eventual
collapse of identity connection. This dynamic encodes a geometric arrow of time, driven
by rhythmic divergence rather than entropy alone [9].
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17 Collapse of Identity and Jumps

In BMQM, identity is not a fixed particle-like label, but a rhythmic field configuration that
can collapse or re-link across space. This is conceptually related to nonlocal coherence, but
goes further — implying that identity is a dynamic structure governed by morphodynamic
conditions [6], [2]. When two regions A and B satisfy the condition:

ψA(τ0) = ψB(τ0),
dψA
dτ

=
dψB
dτ

they enter a regime of morphodynamic coherence.

17.0.1 Collapse and Re-Linking

If such coherence emerges spontaneously between distant regions, the identity can
effectively “jump” from one location to another. This defines a collapse of identity in one
place, and its simultaneous emergence in another — without passing through
intermediate points. This behavior resembles information-preserving morphism
transitions between coherent structures in categorical frameworks [9].

17.0.2 Interpretation

• The breathing pattern ψ(r⃗, τ) defines identity.

• When the pattern stabilizes at a different spatial location but with matching rhythm,
identity re-binds across the membrane.

• This morphodynamic jump resembles teleportation — not of information, but of
coherence itself [6].

17.0.3 No Spacetime Traversal

Because this jump does not involve continuous spatial propagation, it does not require
motion through spacetime. Instead, it reflects the reconfiguration of breathing phase
domains. Such jumps are instantaneous in internal time τ , but not observable as causal
violations in classical coordinates [5].

17.0.4 Symbolic Summary

We denote this process as:

(A) → ∅ and simultaneously ∅ → (B)

This expresses the disappearance of identity at point A and its morphodynamic
re-appearance at point B. The underlying breathing coherence remains conserved, in
alignment with the informational continuity postulated in nonlinear quantum
frameworks [2].
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18 Thermodynamics and Breathing Coherence

In the Breathing Membrane Quantum Mechanics (BMQM) framework, thermodynamic
behavior emerges from the loss of rhythmic coherence between regions of the scalar
breathing field ψ(r⃗, τ). This geometric and dynamical approach builds upon earlier
explorations of non-unitary evolution in quantum foundations [2] and connects to
relational views of temporal irreversibility [5].

To quantify coherence, we define the following morphodynamic coherence function
between two regions A and B:

C(τ) = |ψA(τ)− ψB(τ)|+
∣∣∣∣dψAdτ − dψB

dτ

∣∣∣∣ (6)

This function measures both the spatial phase alignment and the rhythm (derivative)
synchronization between two identities on the membrane. Its interpretation is as follows:

• When C(τ) → 0, the two identities are in perfect morphodynamic synchrony. This
corresponds to a state of maximal coherence, enabling entanglement and remote
identity continuity.

• As C(τ) increases, the fields become increasingly desynchronized in amplitude and
rhythm. This gradual decoherence is interpreted as a thermodynamic process —
an increase in breathing entropy [2].

• In the limit of maximal desynchronization, coherence is lost, the field collapses
locally, and the identity disperses into the morphodynamic background. This rep-
resents the thermodynamic arrow of time [5].

We summarize the key thermodynamic behaviors of breathing coherence as:

• Lower C(τ): coherent identity, low entropy

• Higher C(τ): desynchronized dynamics, higher entropy

• Collapse: irreversible decoherence, defines the direction of time

This mechanism replaces classical statistical ensembles with geometric resonance
decay, repositions entropy as a morphodynamic quantity, and opens the door to
informational reinterpretations of temporal flow [9].

19 Empirical Predictions

Core prediction: appearance of a critical frequency:

σ ≈ 1.7365

Possible test environments:

• Optomechanical cavities

• Bose-Einstein condensates

• Nonlinear oscillators
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20 Additional Experimental Predictions

Beyond the critical frequency σ ≈ 1.7365, the Breathing Membrane Quantum
Mechanics (BMQM) framework suggests several indirect but testable predictions. These
arise from the behavior of the breathing field ψ(r⃗, τ) and its morphodynamic consequences
in physical systems.

20.0.1 1. Oscillatory Coherence in Nonlinear Cavities

BMQM predicts that in nonlinear resonant cavities — such as those used in
optomechanical systems — breathing modes may manifest as recurrent phase-locked
oscillations with bounded amplitude and frequency plateaus. These features would
correspond to stable periodic solutions of the Sionic Master Equation.

Such oscillatory modes may deviate subtly from standard Duffing or harmonic
oscillator predictions, particularly under high-precision spectral resolution. Signatures
may include:

• Quasi-periodic resonances at subharmonics of σ

• Plateau regions in frequency-amplitude response curves

• Non-Gaussian noise modulations correlated with breathing rhythms

20.0.2 2. Breathing Vibration Modes in Bose–Einstein Condensates

In systems such as Bose–Einstein condensates (BECs) with tunable nonlinearities and
confinement geometry, BMQM predicts the existence of breathing solutions resembling
coherent, standing oscillations of the scalar field. These could be detected as:

• Persistent radial or axial ”breathing” modes in time-of-flight measurements

• Synchronized collapse-and-revival phenomena linked to field coherence

• Suppression of decoherence in specific trap geometries near breathing
synchronization points

20.0.3 3. Remote Correlation via Breathing Synchronization

BMQM also implies that systems sharing the same internal frequency spectrum (near σ)
may exhibit anomalously high correlation across spatial separation, even in the absence
of causal contact. This may be tested via:

• Cross-platform quantum simulators driven with the same breathing pulse sequence

• Weak measurement synchronization between optically or thermally isolated systems

• Repeated teleportation-like jumps of state coherence patterns without signal
transmission
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20.0.4 Conclusion

These predictions are speculative but measurable with current or near-future
experimental setups. They open a path for verifying the deeper structure of the BMQM
field model not only through direct frequency analysis, but through observable coherence,
phase-locking, and nonlinear response behavior in resonant systems.

21 Comparisons and Closing Vision

To clarify the conceptual and structural shift BMQM introduces, we summarize the key
reinterpretations of foundational principles in comparison to standard physics. Each
transition is supported by both theoretical motivation and cited precedent.

• Time: External (QM) → Internal τ (BMQM)
In standard quantum mechanics, time is an absolute external parameter. BMQM
redefines time as an internal rhythm, inspired by relational time frameworks [5].

• Gravity: Curvature gµν → Gradient of ψ
Classical gravity arises from spacetime curvature. In BMQM, it emerges from
gradients in breathing acceleration, aligned with geometric reformulations in
emergent gravity [3], [5].

• Mass: Postulated → Emergent from curvature
Whereas mass is typically an input parameter, BMQM defines mass as a geometric
quantity derived from the Laplacian intensity of the breathing field [4].

• Identity: Not modeled → Coherent field configuration
Traditional quantum theory lacks a formalism for individual identity. In BMQM,
identity is defined by periodic coherent field states — enabling localized structure
and memory [6].

• Thermodynamics: Statistical → Coherence loss in breathing field
Instead of relying on ensemble averages, BMQM interprets entropy as arising from
decoherence in rhythmic alignment, in line with non-unitary dynamical
extensions [2], [9].
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22 Final Thought

Imagine a physics where space, time, and identity are not pre-imposed scaffolds, but
emergent features of a deeper, rhythmic structure. In BMQM, the universe is not built
from inert particles on a fixed background, but from dynamic oscillations within a
breathing membrane. Geometry itself pulses; identity is not assigned, but formed through
morphodynamic coherence.

BMQM does not discard existing physics. Like general relativity contains Newtonian
gravity, and quantum field theory subsumes classical fields, BMQM contains
both standard quantum mechanics and general relativity as limiting cases [1], [5]. It
provides a richer substrate beneath their formalism—a common rhythm capable of
encoding space, time, gravity, and entanglement in a unified way.

This is not merely a theoretical construction. The presence of stable breathing
frequencies, morphodynamic gradients, and coherence functions opens the door to testable
implications across platforms—from superconducting qubits to Bose-Einstein
condensates [7], [8]. BMQM proposes not only a new ontology, but a new way of
measuring and connecting physical systems.

More than anything, this is an invitation to rethink from within. To let go of inherited
separations between time and being, observer and observed, and rediscover physics as a
manifestation of geometry in motion. The rhythm is already present—BMQM simply
listens to it.

Future Formalization: Category and Information Structure.

Although the current formulation of BMQM is geometric and differential in nature, the
structure of morphodynamic identities and breathing coherence suggests a possible future
mapping into more abstract frameworks. In particular, the set of fluid identities , along
with their transitions through synchronization, decoherence, and collapse, could be
interpreted as a category. Here, objects represent coherent breathing states, and
morphisms correspond to dynamic transformations of identity — such as re-linking,
entanglement, or jumps [9].

Furthermore, the coherence function C(τ) can be understood as an information-
theoretic measure of distinguishability between two field configurations [2]. This invites
a generalization of concepts like quantum fidelity, entropy, and state overlap into a
nonlinear, geometry-based setting. In this view, the arrow of time, phase transitions,
and even causality may emerge from a deeper informational substrate encoded in the
oscillatory phase space of the membrane.

These directions remain speculative, but open an exciting path for unifying
morphodynamic physics with categorical and quantum information perspectives —
recasting space, time, and identity not only as geometric entities, but also as
transformations in structured information flow.
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24 Appendix: Notation Summary

Symbol Name Meaning

ψ(r⃗, τ) Breathing Field Scalar field representing the local oscillatory state
of the membrane

τ Breathing Time Internal time parameter distinct from classical co-
ordinate time t

Ω Breathing Membrane Domain Dynamic subspace over which ψ evolves; a subset
of R3

σ Sionic Constant Critical parameter defining stable identity fre-
quency:

√
σ ≈ 1.3186

Φ(r⃗) Breathing Potential Second derivative of ψ in time: Φ = d2ψ
dτ2

κ⃗(r⃗) Morphodynamic Curvature Gradient of the breathing potential: κ⃗ = −∇Φ

C(τ) Coherence Function Morphodynamic mismatch measure between two
regions: phase + rhythm

m Emergent Mass Geometric quantity derived from integrated curva-
ture: m ∼

∫
(∇2ψ)2dV

Fluid Identity Glyph Graphical symbol representing morphodynami-
cally stable identity

Table 1: Summary of core symbols used in the BMQM formalism.
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