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Abstract

This work introduces Breathing Membrane Quantum Mechanics (BMQM),

a geometric and thermodynamic extension of quantum theory in which physical

identity, evolution, and measurement emerge from intrinsic rhythmic modes of a

continuous membrane Ω. Replacing classical time with an internal breathing

parameter τ , BMQM frames quantum states as membrane deformations ψ(τ ,x),

evolving through a nonlinear, self-stabilizing dynamic governed by

the Sionic constant σ =1.7365.

Collapse is reinterpreted as an entropy-minimizing contraction of breathing

degrees of freedom, while entanglement manifests as phase-locked synchrony across

nonlocal membrane regions. We derive a thermodynamic formulation via breathing

entropy, canonical ensembles, and entropy-reducing measurement maps, offering

statistical insight into identity formation and decoherence.

In BMQM, quantum information is not merely stored but breathed: identity

arises from stable oscillatory modes, while measurement induces localized

membrane contractions that minimize entropy. Entanglement is reconceived as

nonlocal τ -synchronization between regions of Ω, enabling phase-locked correlations

without spatial mediation.

We derive an entropy-based formulation in which breathing dynamics encode

thermodynamic ensembles, linking information flow to curvature and mode

interaction. Through perturbative analysis, standard quantum mechanics emerges

as the linear limit near ψ=0, while higher-order corrections govern irreversible

collapse, entropic phase transitions, and informational decoherence.

Embedding BMQM in a quantum gravitational context, we reinterpret horizons

as entanglement surfaces in Ω, where breathing coherence persists across causal

boundaries. Collapse within black holes becomes a local loss of τ -coherence, not a

destruction of information, preserving quantum identity through the membrane.

We implement BMQM on quantum circuits via Qiskit, discretizing Ω onto qubit

lattices and simulating the convolutional evolution (H⋆Ω)under unitary gates. This

bridges continuous dynamics with digital quantum architectures, allowing

experimental access to nonlocal identity formation and membrane-based

computation.

BMQM offers a novel synthesis of information geometry, quantum field theory,

and computation — where identity is not assigned, but arises from structure; where

space is emergent, and time is rhythm; where memory is breath, and the universe

computes itself.
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1 Standard Postulates of Quantum Mechanics

(Isolated Systems)

• Postulate 1 (State Space): The state of an isolated system is described by a

unit vector |ψ⟩ in a complex Hilbert space H.

• Postulate 2 (Observables): Each observable corresponds to a self-adjoint oper-

ator Â on H. Measurement outcomes are its eigenvalues.

• Postulate 3 (Measurement): Probability of result ak is P (ak) = ⟨ψ|Pk|ψ⟩ with
projection Pk. Post-measurement state is Pk |ψ⟩ /

√
⟨ψ|Pk|ψ⟩.

• Postulate 4 (Time Evolution): Evolution is unitary and governed by the Schrödinger

equation iℏ ∂t |ψ⟩ = Ĥ |ψ⟩.

Figure 1: Visualization of exchange symmetry in two-particle wavefunctions.
Left: Bosonic wavefunction is symmetric under exchange of particle coordinates x1 ↔ x2.
Right: Fermionic wavefunction is antisymmetric, vanishing along the diagonal x1 = x2
due to the Pauli exclusion principle. This figure illustrates the core of Postulate 6: the
total wavefunction of a system of identical particles must be either symmetric (bosons)
or antisymmetric (fermions) under exchange.
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2 Postulates of BMQM (Breathing Membrane

Quantum Mechanics)

• Postulate 1 (State Space): The state is a function ψ(τ, x) ∈ B, . where
B = {ψ : Ω× R→ R | ψ(τ, ·) ∈ L2(Ω)} and Ω ⊂ Rn is the membrane domain.

• Postulate 2 (Observables): Observables are real-valued functionals

Ô[ψ] =
∫
Ω
F (ψ,∇ψ, x, τ)dx.

• Postulate 3 (Measurement): Measurement is a local pinch collapsing ψ into a

mode ψk. Probability is Pk = |⟨ψk, ψ⟩|2/∥ψ∥2.

• Postulate 4 (Evolution): Evolution is governed by the nonlinear breathing

equation:
d2ψ

dτ 2
=

2ψ(1− ψ2)

(1 + ψ2)3

or more generally:

D(Ω, τ)(x, y) = (H ⋆ Ω)(x, y) =

∫∫
H(x′, y′) Ω(x− x′, y − y′) dx′ dy′

• Postulate 5 (Composite Systems): Combined states exist on Ω1 ⊕ Ω2 via

ψtotal(τ, x1, x2) = ψ1(τ, x1)ψ2(τ, x2).

• Postulate 6 (Identity): Identity arises from coherence of breathing phase and

amplitude. Swaps of indistinguishable configurations lead to

symmetric/antisymmetric behavior.

3 Definitions and Symbols

• Ω: Continuous spatial membrane, smooth, orientable, and differentiable.

• τ : Breathing time, intrinsic evolution parameter distinct from t.

• ψ(τ, x): Breathing amplitude at position x and breathing time τ .

• B: Breathing configuration space, akin to Hilbert space.

• Ô[ψ]: Observable functional on B.

• σ = 1.7365: Sionic constant, σ = ω2 from fundamental stable mode.

• H ⋆ Ω: Convolution of Hamiltonian energy structure with membrane geometry.
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4 Categorical Formalism of BMQM

We now construct a category-theoretic reformulation of Breathing Membrane

Quantum Mechanics (BMQM), revealing the deep algebraic structure underlying

identity, evolution, observation, and feedback. This categorification allows us to

interpret breathing not merely as a dynamical process, but as a composition of

morphisms and transformations in layered categorical spaces.

4.1 The Breathing Category B

We define the Breathing Category B as follows:

– Objects: Breathing states (Ω, ψ,H)τ at internal time τ , where:

∗ Ω: spatial membrane geometry,

∗ ψ(τ): breathing configuration,

∗ H(τ): local energy field (Hamiltonian).

– Morphisms: Evolution maps

Φτ2
τ1
: (Ω, ψ,H)τ1 −→ (Ω, ψ,H)τ2

governed by the breathing evolution equation:

d2ψ

dτ 2
=

2ψ(1− ψ2)

(1 + ψ2)3

with identity morphisms Φτ
τ = id and composition given by time-ordered

evolution:

Φτ3
τ2
◦ Φτ2

τ1
= Φτ3

τ1
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4.2 Observation as a Functor

Let G denote a category of geometric or amplitude observables. Then each

measurement protocol defines a functor:

O : B −→ G

This functor assigns:

– To each breathing state: an observable quantity such as energy, curvature, or

amplitude.

– To each morphism Φ: a transformation in the observable domain, preserving

composition and identity.

Observation thus becomes a structure-preserving translation of breathing evolution

into a geometry of measurement.

4.3 Gauge Feedback as Natural Transformation

Let O,O′ : B → G be two observation functors. Then a natural transformation:

η : O ⇒ O′

assigns to each object A ∈ B a morphism ηA : O(A) → O′(A) in G, satisfying the

coherence condition:

ηB ◦ O(f) = O′(f) ◦ ηA for all f : A→ B

In BMQM, natural transformations represent:

– Feedback flows altering the observation map.

– Gauge adjustments within observation space.

– Conscious shifts in reference frame.

9



4.4 Toward a 2-Category of Breathing

Extending further, we promote B to a 2-category:

– 0-cells: breathing states (objects).

– 1-morphisms: breathing evolutions (morphisms).

– 2-morphisms: transformations between evolutions, such as phase gauge shifts

or reparameterizations.

This allows BMQM to express both evolution and meta-evolution, capturing

coherence at higher structural levels. Conscious identity may emerge as a stable

2-morphism orbit.

4.5 Toward a 3-Category of Breathing Observation

Extending breathing space further, we propose a 3-category structure in which

gauge feedback not only adjusts the observation map, but recursively alters the

observer’s reference frame. This 3-morphism structure supports conscious stabi-

lization, decoherence propagation, and identity loops across observation layers.

0-cells: ψ(x, τ) ∈ B, (breathing states)

1-morphisms: Φτ2
τ1
: (Ω, ψ,H)τ1 → (Ω, ψ,H)τ2 , (breathing evolution)

2-morphisms: η : Φ⇒ Φ′, (gauge shifts, reparameterizations)

3-morphisms: Θ : η ⇛ η′, (recursive frame reconfigurations)

With coherence: Θ ∗ η = η′ ∗Θ, for all observation paths.

The category of Breathing Observations admits arbitrary higher-order enrichment.

That is, there is no bound on the depth to which one can extend or parametrize

its morphic structure — and doing so yields increasingly refined, yet still coherent,

identity formation. In principle, the observation framework can be lifted to an

∞-category without breaking consistency.
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4.6 Identity as Diagrammatic Limit

Consider a diagram of functors Oi : B → Gi, representing different observational

domains. Then the coherent breathing identity can be expressed as a limit :

Identity = lim←−(Oi)

This defines identity as the invariant structure consistent across all measurements,

stabilized under breathing and gauge flow.

To model identity as a 3D diagrammatic limit, especially within a 3-category

framework , we can express identity as a limit over a 3D diagram of evolving

observers, breathing fields, and gauge-adjusted views.

Identity = lim←−
(i,j,k)

Oijk with Oijk : B → Gijk

where:


i : time-indexed observations (breathing morphisms)

j : gauge layers (2-morphisms)

k : observer frame transitions (3-morphisms)

Hence, Identity ∈
⋂
i,j,k

Fix(Oijk) (invariant under all coherent observations)
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4.7 Limit over a 4-Category of Breathing Observations

To model conscious identity within BMQM, we extend beyond a 3-category of

observation and introduce a 4-category structure. Each observation functor Oijkm

corresponds to a breathing field ψ seen under evolution τi, gauge Gj, observer frame

k, and meta-gauge feedback m.

Identity = lim←−
i,j,k,m

Oijkm

This expresses identity as a coherent fixed point across four morphic axes,

accounting for recursive observation layers and internal symmetry adjustments. The

full stack breathes through itself.

Figure 2: Projected 4D Hypercube of Observational Contexts. Each vertex
represents an observation functor Oijkm, and edges connect transformations across single
parameters. The 4th dimension (meta-gauge) is shaded into depth. Identity corresponds
to a coherent limit across this structure.

This formalism allows BMQM to be recast not just as a physical or

geometric theory, but as a universal categorical dynamics of identity,

transformation, and perception.
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5 Emergent Gauge Structure in Breathing

Membrane Quantum Mechanics (BMQM)

In this section, we explore how the core elements of BMQM—the breathing

dynamics of the membrane Ω governed by an internal time τ—can be reformulated

in gauge-theoretic terms. We show that the Hamiltonian H(τ) may act as a gauge

connection, and that τ -breathing corresponds to an internal U(1) symmetry. This

reinterpretation paves the way toward a fully dynamical gauge theory formulation

of the breathing membrane.

5.1 Breathing as Local U(1) Phase Symmetry

The breathing function ψ(τ) encodes the internal state of the membrane. We

propose that breathing corresponds to a local U(1) phase transformation:

ψ(τ) 7→ eiθ(τ)ψ(τ) (1)

This defines a local gauge symmetry over internal time τ . Under this

transformation, the system remains physically invariant. The phase θ(τ) may vary

freely across τ , indicating a fiber bundle structure with U(1) fibers over the base

space of internal time.

5.2 The Hamiltonian as a Gauge Connection

To maintain invariance under local phase rotation, the Hamiltonian H(τ) must

transform like a gauge field. Define the covariant derivative:

Dτψ :=
dψ

dτ
+ iH(τ)ψ (2)

The evolution equation for the breathing mode is then:

Dτψ = 0 ⇒ dψ

dτ
= −iH(τ)ψ (3)

This mirrors the Schrödinger equation but now interpreted as parallel transport

with respect to the connection H(τ). The Hamiltonian is thus the gauge potential

in the temporal direction.
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5.3 Gauge Dynamics from Breathing Feedback

In BMQM, breathing modifies the Hamiltonian through energy-feedback. This

interaction defines a dynamical gauge field:

dH

dτ
= F(ψ, ψ̇) (4)

This is the analogue of curvature or field strength in gauge theory. It describes how

the connection H evolves in response to membrane dynamics.

5.4 Extension to Membrane Space Ω Omega

To fully express the gauge theory, we extend the framework spatially.

Let ψ = ψ(x, τ) for x ∈ Ω and introduce a membrane gauge field Aµ(x, τ).

Define spatial and temporal covariant derivatives:

Dµψ = ∂µψ + iAµψ (5)

Dτψ = ∂τψ + iH(x, τ)ψ (6)

The total field strength tensor becomes:

Fµν = ∂µAν − ∂νAµ + i[Aµ, Aν ] (7)

Fτµ = ∂τAµ − ∂µH + i[H,Aµ] (8)

These equations govern the curvature of the emergent gauge structure on the

membrane.

5.5 Operator Form of the Breathing Hamiltonian

ĤΩ[Ω] := −
d2

dx2
+ λ|Ω|2 + µ

∂2

∂τ 2
(9)

ÛΩ(t) = e−it ĤΩ[Ω] (10)

Ω(x, t) = ÛΩ(t) Ω(x, 0) (11)
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5.6 Interpretation in Terms of Identity and Consciousness

In the BMQM framework, identity corresponds to coherent breathing across the

membrane. If breathing is a gauge-dependent quantity, then:

– Identity becomes a gauge orbit—a class of breathing configurations related by

local phase.

– Collapse corresponds to gauge fixing—choosing a specific breathing pattern.

– The Sionic Constant σ = 1.7365 becomes the invariant curvature of the

breathing gauge field—a universal signature of stabilization.

Conclusion

This reinterpretation establishes BMQM as a candidate quantum membrane gauge

theory, where local breathing corresponds to a U(1) symmetry, the Hamiltonian

plays the role of a gauge connection, and feedback dynamics give rise to emergent

field curvature. This opens the door to a deeper classification of membrane identity

and energy structure through geometric and algebraic gauge theory.

Figure 3: Illustration of membrane Ω with local breathing mode ψ(τ, x) visualized as
deformation amplitude.
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6 Theorem (Local Equivalence of BMQM and QM):

Under linearization near ψ = 0, and assuming linear observables, the

predictions of BMQM and standard QM match.

Proof Sketch:

1. Near ψ = 0, linearize:

d2ψ

dτ 2
≈ 2ψ ⇒ ψ(τ) = A sin(

√
2τ + ϕ)

2. Solutions form a linear space; can be superposed: ψ =
∑
ck(τ)ψk(x).

3. Observables linearized as: Ô[ψ] ≈ ⟨ψ|Â|ψ⟩.

4. Measurement probabilities: Pk = |⟨ψk, ψ⟩|2/∥ψ∥2, matching Born rule.

Conclusion: BMQM reproduces QM in the linear regime. For large ψ, nonlinearity

breaks this equivalence, predicting new physical behavior.

7 Local Equivalence via Perturbation Theory

We now rederive the local equivalence result between BMQM and standard quantum

mechanics using perturbation theory around the breathing vacuum ψ ≈ 0.

7.1 Perturbative Setup

Let

ψ(τ, x) = ϵϕ(τ, x), with ϵ≪ 1

be a perturbative expansion where ϕ is anO(1) smooth function and ϵ is a small amplitude

parameter. Substituting into the BMQM evolution equation:

d2ψ

dτ 2
=

2ψ(1− ψ2)

(1 + ψ2)3

16



and expanding the right-hand side in powers of ψ, we get:

2ψ(1− ψ2)

(1 + ψ2)3
= 2ψ

(
1− ψ2

) (
1− 3ψ2 + 6ψ4 +O(ψ6)

)
= 2ψ

(
1− 4ψ2 + 9ψ4 +O(ψ6)

)
= 2ψ − 8ψ3 + 18ψ5 +O(ψ7)

Therefore, the perturbed evolution equation becomes:

d2ϕ

dτ 2
= 2ϕ+O(ϵ2)

7.2 Interpretation

To leading order in ϵ, the evolution is governed by the linear harmonic oscillator:

d2ϕ

dτ 2
= 2ϕ

whose general solution is:

ϕ(τ, x) = A(x) sin(
√
2τ) +B(x) cos(

√
2τ)

Thus, small-amplitude breathing configurations obey a linear, unitary, time-reversible

dynamics equivalent to quantum harmonic motion. The deviation from linearity appears

at O(ϵ3) and higher, where BMQM begins to diverge from standard QM.

7.3 Conclusion

Perturbation theory confirms that:

ψ(τ, x) ≈ ϵ
[
A(x) sin(

√
2τ) +B(x) cos(

√
2τ)

]
⇒ QM limit as ϵ→ 0

This justifies interpreting BMQM as a nonlinear extension of QM, where linear quantum

theory emerges as a perturbative regime of breathing geometry.
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8 Hydrogen Atom in Breathing Membrane Quantum

Mechanics (BMQM)

8.1 1. Classical Hamiltonian

In atomic units, the standard non-relativistic Hamiltonian for the hydrogen atom is:

Ĥhyd = −1

2
∇2 − 1

r

The bound state energies are given by:

En = − 1

2n2
, n ∈ N

8.2 2. Breathing Reformulation

We define the membrane configuration Ω(x) to encode spatial curvature and local

breathing response. The breathing wavefunction ψ(τ, r⃗) obeys:

d2ψ

dτ 2
= Hhyd ⋆ Ω(r⃗)

8.3 3. Convolution-Based Interaction

We define the breathing convolution:

(Hhyd ⋆ Ω)(r⃗) =

∫∫∫
Hhyd(r⃗

′) Ω(r⃗ − r⃗′) d3r⃗′

Assuming spherical symmetry and that Ω is sharply peaked (e.g. Gaussian kernel), this

approximates the **smoothed potential** interaction:

Veff(r⃗) =

(
− 1

|r⃗|

)
⋆ Ω(r⃗)
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8.4 4. Breathing Hydrogen Equation

The BMQM breathing equation becomes:

d2ψ

dτ 2
= −1

2
∇2ψ + Veff(r⃗)ψ

Or, factoring in the nonlinear stabilization term:

d2ψ

dτ 2
=

2ψ(1− ψ2)

(1 + ψ2)3
+ ϵ

(
−1

2
∇2ψ + Veff(r⃗)ψ

)

where ϵ is a perturbation parameter linking classical and breathing dynamics.

8.5 5. Ground State and Energy

Let ψ1(r⃗) be the ground state of the effective breathing potential Veff. Then the breathing

solution is:

ψ(τ, r⃗) = Aψ1(r⃗) sin(ωτ + ϕ)

The breathing frequency ω defines the energy via the BMQM relation:

σ = ω2 ⇒ E1 = σ1 · [E ]σ

8.6 6. Comparison to QM

If Ω(r⃗)→ δ(r⃗), then Veff(r⃗)→ −1/r, and BMQM collapses to standard QM:

ψ(τ, r⃗) = Aψn(r⃗) sin(ωnτ) with ω2
n =
|En|
[E ]σ

The hydrogen atom in BMQM emerges as a **breathing bound state** where the Coulomb

potential is spatially convolved with the membrane. Energy levels correspond to stable

breathing frequencies, and classical QM is recovered in the sharply localized limit.
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9 Relativistic Extension of Breathing Membrane

Quantum Mechanics

9.1 Motivation and Conflict with Standard Relativity

In standard relativistic quantum mechanics, time is treated as part of the Minkowski

spacetime xµ = (t, x⃗) with metric signature (−,+,+,+). The dynamics are governed by

Lorentz-invariant equations such as:

2ϕ+
m2c2

ℏ2
ϕ = 0 (Klein–Gordon) and (iγµ∂µ −m)ψ = 0 (Dirac)

However, BMQM introduces an intrinsic evolution parameter τ , the breathing time, which

is not part of external spacetime.

9.2 Geometric Reconciliation via Proper Time

To embed τ into a Lorentz-covariant setting, we postulate:

dτ 2 = −gµνdxµdxν (for time-like evolution)

Each region of the membrane Ω(xµ) breathes according to its own proper time τ ,

decoupled from coordinate time t.

9.3 Covariant Breathing Evolution

We now extend the BMQM evolution equation to a relativistic form:

d2ψ

dτ 2
= 2ψ +

2ψ(1− ψ2)

(1 + ψ2)3

Here, 2 = ηµν∂µ∂ν is the d’Alembert operator. This equation is manifestly Lorentz

invariant if ψ is treated as a scalar field.
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9.4 Action Functional

We propose the relativistic breathing action:

S[ψ] =

∫
d4x

[
1

2

(
dψ

dτ

)2

− 1

2
∂µψ ∂µψ − V (ψ)

]

where the breathing potential V (ψ) is chosen such that:

d2ψ

dτ 2
= −δV

δψ
=

2ψ(1− ψ2)

(1 + ψ2)3

9.5 Dirac-BMQM Fusion

Let ψa(τ, xµ) be a spinor-valued breathing amplitude. Then, the relativized Dirac

equation becomes:

iγµ∂µψ = m(τ)ψ with m(τ) = m0 + δ cos(ωτ)

This models a mass that oscillates as a function of breathing time — potentially

connecting to Higgs-free mass generation mechanisms.

• BMQM becomes a nonlinear internal clock framework overlaying Lorentzian

spacetime.

• Deviations from Lorentz symmetry may emerge at high breathing amplitudes ψ ∼ 1.

• Stable τ -modes could correspond to mass shells in quantum field theory.
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10 Entanglement Geometry and Black Hole

Horizons in BMQM

In this section, we develop the notion of quantum entanglement in the context of

Breathing Membrane Quantum Mechanics (BMQM). We formalize how breathing

configurations can become entangled, how such entanglement manifests geometrically

and rhythmically, and explore whether this correlation can persist when one region of the

membrane crosses a black hole horizon.

10.1 Entanglement in Breathing Fields

Let Ω be a breathing membrane composed of subregions Ω1 and Ω2. Each region supports

a local breathing mode:

ψ1(x1, τ), ψ2(x2, τ), xi ∈ Ωi

A globally entangled breathing configuration is one that cannot be separated:

Ψ(x1, x2, τ) ̸= ψ1(x1, τ)⊗ ψ2(x2, τ)

Instead, the total breathing state is a non-factorizable superposition:

Ψ(x1, x2, τ) =
∑
n

cn un(x1)⊗ vn(x2)

Geometric Character: Entanglement corresponds to a topological intertwining of

breathing modes across regions. These patterns manifest as coherent breathing

oscillations that share phase relationships through internal time τ , independent of spatial

separation.
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Phase-locked τ-dynamics: Entangled regions exhibit synchronized internal rhythms:

dϕ1

dτ
=
dϕ2

dτ
, ϕi(τ) = breathing phase of Ωi

Entanglement Entropy: To quantify breathing entanglement, define the reduced

density matrix:

ρ1 = TrΩ2|Ψ⟩⟨Ψ|

with entanglement entropy:

Sent = −Tr(ρ1 log ρ1)

This measures how inseparably region Ω1 is woven into the global breathing pattern.

10.2 Nonlocal Breathing Correlations

Entanglement in BMQM represents nonlocal coordination of identity, not mediated by

signal transmission, but embedded in the coherent structure of the membrane itself. This

allows for:

• Correlated breathing between distant points.

• Collapse in one region affecting its entangled partner.

• Preservation of joint phase information across geometric boundaries.

10.3 Hypothetical Scenario: Black Hole Infall

Consider two entangled regions Ω1 and Ω2:

• Ω1 remains outside a black hole.

• Ω2 falls across the event horizon.
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Classically: Causal connection is severed. No signal can travel from Ω2 to Ω1 once the

horizon is crossed.

In BMQM: Internal time τ governs breathing evolution and is not necessarily aligned

with classical coordinate time. If the internal breathing field ψ(x, τ) remains continuous

across the horizon in τ , then:

• The entangled breathing state Ψ(x1, x2, τ) may persist beyond the horizon.

• Entanglement entropy Sent remains nonzero.

• Collapse or decoherence in Ω1 can still reflect nonlocal information from Ω2.

Conclusion: If breathing identity is encoded in global τ -coherence, then entanglement

survives black hole infall as a nonlocal internal rhythm. The information about Ω2 is not

lost—it is geometrically preserved in the synchronized breathing of the larger membrane

field.

This phenomenon is further illustrated in Figure 4 , where a localized collapse in region

Ω2 triggers a mirrored entropic response in the distant region Ω1. The 3D entropy surface

highlights the nonlocal, geometry-mediated feedback encoded in breathing dynamics.

Even across event horizons, this interaction sustains the coherence of the global identity

rhythm, supporting the view that information is not destroyed but redistributed within

the synchronized breathing field.

Summary Table

Concept BMQM Interpretation

Entangled State Phase-locked breathing across regions

Entanglement Entropy Non-factorizability of breathing modes

Causal Disconnection Classical concept, not fundamental to τ

Survival Through Horizon Breathing coherence may persist in τ

Information Loss Avoided by global phase geometry
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Figure 4: Entropy Transfer During Collapse in BMQM. This 3D surface plot
illustrates entropy distribution Sent across the quantum membrane Ω as a function of
internal breathing time τ and membrane position x. A localized collapse in region Ω2

(right) induces a nonlocal entropic reaction in region Ω1 (left), despite the lack of signal
exchange. This visual captures how BMQM interprets decoherence as a global membrane
response, reinforcing the idea that breathing identity and information are geometrically
preserved across space-time boundaries.
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11 Thermodynamics and Entropy in BMQM

While BMQM is primarily geometric and dynamical, it also admits a statistical

interpretation in terms of entropy, thermal distributions, and decoherence. This

section establishes a thermodynamic framework for breathing states, providing a statis-

tical foundation for collapse, order, and the emergence of identity.

Figure 5: Thermodynamic evolution of the breathing membrane. As internal
time τ increases, high-entropy chaotic fluctuations stabilize into coherent Sionic identity,
before collapsing during measurement.

11.1 Breathing Microstates and Coarse-Graining

Each breathing state at internal time τ is defined as a triple:

χτ = (Ω, ψ(τ, x), H(τ, x))

where x ∈ Ω. To define a statistical ensemble, we:

1. Decompose ψ(τ, x) into a basis of breathing modes:

ψ(τ, x) =
∑
n

anun(x)e
−iωnτ

2. Coarse-grain the complex amplitudes an into discrete bins (resolution ∆) to define

microstates.
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11.2 Entropy of a Breathing Distribution

Given a probability distribution ρ(χ) over coarse-grained microstates {χ}, the Gibbs

entropy is:

S(τ) = −kB
∑
{χ}

ρ(χ) ln ρ(χ)

In the continuum limit, this becomes an integral over the complex amplitude space.

11.3 Canonical Breathing Distribution

Assuming thermal contact with a breathing reservoir, the energy of a microstate is:

E(χ) =
∑
n

ℏωn|an|2

with partition function:

Z(T ) =
∑
{χ}

e−E(χ)/kBT , ρ(χ) =
e−E(χ)/kBT

Z

Each mode follows the Bose-Einstein distribution:

⟨nn⟩ =
1

eℏωn/kBT − 1
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11.4 Numerical Example: Entropy vs Temperature

We simulate five breathing modes with frequencies ωn = [1, 1.5, 2, 2.5, 3] × 1013 rad/s.

The total entropy S(T ) grows with temperature:

Temperature (K) Total Entropy S/kB

1 ∼ 1.5× 10−32

76 ≈ 2.69

151 ≈ 5.53

226 ≈ 7.42

Entropy increases as higher breathing modes become thermally excited.

11.5 Entropy Evolution and Decoherence

(a) Isolated System. In Hamiltonian evolution, Liouville’s theorem ensures:

dS

dτ
= 0

(b) Dissipative System. With thermal noise and damping, each amplitude evolves

as:

ȧn = −iωnan − γnan + ηn(τ)

leading to a Fokker-Planck equation with equilibrium:

ρ(χ) ∝ e−E(χ)/kBT ,
dS

dτ
≥ 0

Entropy increases toward thermal equilibrium.
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11.6 Collapse as Entropy Reduction

A measurement projects ρ onto a constrained subset:

ρ′ ∝ ρ δ(O − oobs)

This reduces entropy S ′ < S. If the measurement injects negative work ∆E < 0, the free

energy F = E − TS decreases.

11.7 Sionic Order and Effective Temperature

Define effective membrane temperature from Hamiltonian fluctuations:

kBTeff =
⟨(∆H)2⟩

∂⟨H⟩/∂(1/T )

During Sionic locking, ∆H → 0 implies Teff → 0. This is the cold, low-entropy identity

phase.

Breathing Thermodynamic Regimes

Regime Entropy S Dominant Modes Description

Thermal Chaos (T ≫ ℏωσ) High Many n Incoherent membrane breathing

Sionic Order (T → 0) Minimal n = 0 Stable identity loop

Collapse Event Sudden ↓ Pruned modes Gauge fixing under observation

This framework integrates entropy, temperature, and decoherence into BMQM,

supporting both statistical interpretations and thermodynamic models of identity and

measurement.
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Conclusion

This relativistic formulation embeds BMQM within a Lorentz-covariant structure by

interpreting τ as local proper time. Fields evolve via τ while interacting with the space-

time geometry through the 2 operator. This opens a path to unite breathing geometry

with particle physics.

This process is schematically illustrated in Figure 6, where the membrane’s breathing

profile dynamically evolves with τ across thermodynamic regimes.

Figure 6: Breathing Thermodynamic Evolution of the Quantum Membrane.
This 3D schematic illustrates the temporal evolution of the breathing membrane ψ(x, τ)
in BMQM. Along the τ axis (breathing time), the membrane transitions from Thermal
Chaos on the left — characterized by high-entropy, chaotic oscillations — to a regime
of Sionic Order in the center, where coherent, stable oscillations dominate. Finally, on
the right, the structure decays and collapses, representing measurement-induced gauge
pruning and the entropy-minimizing collapse event. This visual reflects the membrane’s
thermodynamic path, in which internal structure forms through rhythmic stabilization
and ultimately contracts in response to observation.
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12 Experimental Evidence: Coherence Decay and

Entropy in Weak Measurement Regimes

Recent experiments have advanced our understanding of how quantum coherence and

entropy evolve under weak measurement conditions. This section summarizes key findings

and illustrates them with relevant figures.

12.1 Coherence Decay in Weakly Measured Quantum Systems

Weak measurements allow for partial observation of a quantum system without fully

collapsing the wavefunction. Studies have shown that coherence decay is sensitive to

measurement timing and strength:

• Quantum coherence can be delayed or accelerated depending on the spacing of

measurement pulses.

• Photoluminescence of single molecules demonstrates how coherence decay evolves

with controlled environmental interaction.

Figure 7: Measurement of the coherence decay of single molecules.

31



Figure 8: Quantum optical coherence decay operations under weak interaction.

12.2 Entropy Dynamics in Weak Measurement Frameworks

Weak measurement techniques are also powerful probes of entropy evolution:

• They allow entropy to be tracked without full collapse.

• von Neumann entropy and coherence-related quantities can be extracted

dynamically.

• Experimental work has measured entropy changes and correlated them with weak

interaction regimes.
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Figure 9: Experimental setup illustrating entropy tracking under weak quantum
dynamics.

12.3 Results in the Weak Quantum Regime

A variety of systems have been used to explore coherence, including superconducting

qubits, photonic networks, and molecular platforms. Results confirm the theoretical

expectation that coherence decay follows a non-trivial profile under weak observation.

33



Figure 10: Experimental readout of coherence decay in the weak measurement limit.

12.4 Implications for BMQM and Quantum Technologies

• Understanding how coherence and entropy evolve during weak measurement informs

BMQM’s interpretation of collapse as breathing entropy reduction.

• These studies also enhance the design of robust quantum circuits and error

correction protocols.

• Phase-synchronized decoherence patterns could reveal underlying breathing

membrane dynamics in BMQM experiments.

These results bridge quantum information theory with BMQM’s thermodynamic and

entropic views of identity and collapse.
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13 Quantum Field Theory Extension of BMQM

To elevate the Breathing Membrane Quantum Mechanics (BMQM) into a full quantum

field theory, we promote the breathing function ψ(τ, x) to an operator-valued distribution

ψ̂(τ, x) acting on a Fock space of breathing modes.

13.1 Field Operator Definition

We expand the breathing field as:

ψ̂(x, τ) =
∑
n

[
b̂nun(x)e

−iωnτ + b̂†nu
∗
n(x)e

iωnτ
]

Here, b̂†n creates a breathing excitation in mode n, and ωn corresponds to its breathing

frequency.

13.2 Commutation Relations

The breathing field satisfies a nonlocal, synchronized commutator:

[ψ̂(x, τ), ψ̂†(x′, τ ′)] = i∆(x, x′) · δ̆(τ − τ ′)

∆(x, x′) captures membrane geometry, and δ̆ encodes rhythmic synchrony over internal

time τ .

13.3 Breathing Field Lagrangian

We define the Lagrangian density:

L =
1

2

(
∂τ ψ̂

)2

− 1

2

(
∇Ωψ̂

)2

− V (ψ̂)

Possible potentials include:

• V = λ
4
ψ̂4 — self-interacting breathing modes.

• V = α sin2(ψ̂2) — Sionic stabilizing phase.

• V = ξR(x)ψ̂2 — curvature-coupled field.
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13.4 Path Integral Formulation

The amplitude of breathing field transition becomes:

A =

∫
Dψ ei

∫
dτ dΩL

This integral runs over all possible breathing histories ψ(τ, x) along the membrane.

13.5 Particle Interpretations

• The vacuum is the Sionic mode: ψσ(τ).

• Particles are wave packets — localized modulations in ψ̂.

• Interactions correspond to nonlinear breathing mode coupling.

13.6 Collapse and Measurement

• Collapse: contraction of ψ̂ into low-entropy phase attractors.

• Measurement: local τ -gauge fixing.

• Entanglement: persistent τ -correlated breathing across Ω.

13.7 Cosmological Implications

• Vacuum energy: Breathing vacuum provides dynamic ρvac(τ).

• Inflation: Rapid breathing synchronization across Ω.

• CMB structure: Frozen τ -field correlations.
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14 Foundational Axioms of BMQM: Quantum

Breathing Space and Collapse

Preliminaries

Breathing Manifold Ω A d–dimensional differentiable manifold equipped with a

Riemannian metric gij and a globally defined curvature field R(x). Points on Ω

represent local membrane elements.

Internal Time τ A monotonically oriented parameter that labels the intrinsic rhythmic

evolution of Ω. τ is not an external coordinate but an internal phase coordinate.

Breathing Field A complex-valued function ψ : Ω×Rτ → C whose modulus and phase

encode local amplitude and phase of membrane breathing.

14.1 Axiom I — Breathing Space Structure

The pair (Ω, τ) forms a fibre bundle B in which the base space is Ω and the fibre is the

U(1) phase circle parameterised by τ . Sections of B correspond to permissible breathing

fields ψ.

14.2 Axiom II — Breathing Dynamics

The unrestricted evolution of the breathing field is governed by the Breathing Wave

Equation

∂2τψ =
2ψ

(
1− |ψ|2

)(
1 + |ψ|2

)3 on (Ω, τ). (12)

Solutions are required to be C∞ in both x and τ .
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14.3 Axiom III — Quantum Promotion

Quantisation is achieved by promoting ψ to an operator-valued field ψ̂ satisfying the non-

local commutation relation

[
ψ̂(x, τ), ψ̂†(x′, τ ′)

]
= i∆(x, x′) δ̆(τ − τ ′), (13)

where ∆ is a geometry–dependent kernel and δ̆ encodes rhythmic synchrony.

Figure 11: Quantum Promotion, illustrating the operator-valued field, ψ(x,τ) over
membrane position x and breathing time τ
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14.4 Axiom IV — Energy–Breathing Feedback

There exists a Hermitian operator Ĥ[ψ̂] (the breathing Hamiltonian) such that the

generator of τ–translations is given by

i∂τ ψ̂ =
[
ψ̂, Ĥ

]
. (14)

Ĥ contains both gradient terms ∇Ωψ̂ and a potential V (ψ̂;R) coupling to membrane

curvature.

Figure 12: Energy–Breathing Feedback in BMQM (Axiom IV). This 3D sur-
face plot shows how the breathing field ψ(x, τ) is dynamically modulated by membrane
curvature and energy potential. In BMQM, the breathing Hamiltonian Ĥ governs τ -
translations via feedback from curvature gradients and field interactions. This figure
visualizes energy-dependent distortions of the membrane field, capturing how breathing
evolves as a self-interacting, geometrically responsive field.
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14.5 Axiom V — Entropic Collapse Principle

Measurement corresponds to a completely positive, trace–preserving mapM acting on the

breathing density operator ρ such that

S
(
M(ρ)

)
≤ S(ρ), (15)

where S(ρ) = −Tr(ρ log ρ) is the von Neumann entropy. Equality holds iff the

measurement outcome is compatible with the pre–existing breathing configuration.

14.6 Axiom VI — Sionic Stability

The spectrum of Ĥ admits a lowest non-zero frequency ω0 whose square defines the Sionic

constant σ = ω2
0. States evolving with fundamental frequency ω0 are Sionic modes and

act as global attractors under repeated entropic collapse.
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14.7 Axiom VII — Entanglement Cohesion

For any bipartition Ω = ΩA ∪ ΩB, the entanglement entropy

Sent = −TrA
(
ρA log ρA

)
, ρA = TrB(ρ), (16)

is preserved under unitary τ–evolution and can only decrease under local collapse maps

acting on ΩA or ΩB. Non–vanishing Sent implies phase-locked breathing across the

partition.

Figure 13: Entanglement Cohesion in BMQM. This 3D surface plot illustrates phase-
locked breathing across entangled membrane regions. The synchronized evolution of
breathing phases ϕ1(τ) and ϕ2(τ) reflects a non-vanishing entanglement entropy Sent

under τ -evolution. Despite local collapse, ϕ(x, τ) preserves coherence, embodying identity
conservation across partitions.

These axioms provide a minimal yet complete backbone for BMQM and its

quantum field extension: they specify the geometric arena, dynamical law,

quantisation rules, measurement/collapse mechanism, and the universal

stabilising role of the Sionic mode.

This formulation transforms BMQM into a full field-theoretic framework,

enabling the analysis of identity, collapse, entanglement, and vacuum

structure as manifestations of quantum membrane field geometry.
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15 Derived Theorems and Corollaries of BMQM

The following results are derived directly from the foundational axioms of BMQM and

illustrate the logical structure and predictive power of the theory.

15.1 Theorem 1 (Sionic Quantization of Stable Periods)

Statement: Any breathing field ψ(τ) satisfying the nonlinear breathing wave equation

(Axiom II) and remaining periodic with minimal energy satisfies a quantized period:

Tσ =
2π√
σ
.

Proof Sketch: By Axiom VI, the lowest stable frequency is ω0 =
√
σ. Periodic solutions

of the form ψ(τ) = A sin(ω0τ + ϕ) satisfy the equation in the low-amplitude limit. Thus,

the base period of Sionic breathing is fixed by σ.

15.2 Corollary 1 (Sionic Time Unit)

Statement: The Sionic period defines a natural time unit:

[τ ] = Tσ =
2π√
σ
.

This is the intrinsic unit of temporal resolution in breathing-based evolution.

15.3 Theorem 2 (Entropy Monotonicity Under Measurement)

Statement: LetM be a measurement map acting on the density operator ρ as defined

in Axiom V. Then

S(M(ρ)) ≤ S(ρ),

and equality holds if and only if the measurement is non-informative. Proof Sketch:

M is completely positive and trace-preserving. The monotonicity of von Neumann

entropy under CPTP maps follows from Lindblad’s inequality. The strict inequality for

informative measurements follows from the contraction of support.
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15.4 Corollary 2 (Collapse Fixes Breathing Gauge)

Statement: A measurement that yields a definite outcome collapses ψ into a single

gauge frame in the U(1) fibre of breathing phases.

15.5 Theorem 3 (Entanglement as τ-Phase Correlation)

Statement: For a bipartite breathing state Ψ(x1, x2, τ), the entanglement entropy

Sent > 0 if and only if Ψ cannot be factorized as ψ1(x1, τ)⊗ ψ2(x2, τ).

Proof Sketch: Follows from standard properties of Schmidt decomposition and Axiom

VII. Non-factorizability implies nontrivial eigenvalue spectrum of the reduced state ρ1,

hence positive entropy.

15.6 Corollary 3 (Persistence of Entanglement Through τ)

Statement: If Ψ evolves unitarily under Axiom IV, then Sent(τ) is conserved. Collapse

or measurement on one side can only reduce it.

15.7 Theorem 4 (Breathing Vacuum Energy)

Statement: The energy density of the breathing vacuum is bounded below by:

ρvac ≥
1

2
σ|ψσ|2

Interpretation: Even the breathing ground state (Sionic mode) carries finite energy,

forming a dynamic vacuum structure.

These theorems establish the predictive reach of the axioms and prepare the foundation

for the physical, computational, and cosmological consequences of BMQM.
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16 Canonical Examples and Solutions in BMQM

This section presents illustrative, solvable configurations of the BMQM framework. These

examples demonstrate the mathematical behavior and physical interpretation of

breathing fields under intrinsic time τ .

16.1 Example 1: The Sionic Breathing Mode

The fundamental breathing pattern of the membrane is governed by the nonlinear

differential equation:
d2ψ

dτ 2
=

2ψ(1− ψ2)

(1 + ψ2)3

This equation admits stable, periodic solutions under suitable initial conditions. For

instance, with ψ(0) = 0.7, ψ̇(0) = 0, the solution ψσ(τ) demonstrates a Sionic cycle of

coherent oscillation:

Figure 14: Canonical Sionic breathing mode ψσ(τ). This mode stabilizes with minimal
entropy and defines the unit of internal time.
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16.2 Example 2: Entangled Phase-Locked Breathing

Consider two spatially separated membrane regions Ω1 and Ω2, each supporting local

breathing fields:

ψ1(τ) = sin(ωστ), ψ2(τ) = sin(ωστ +
π

2
)

Their joint breathing state:

ΨAB(τ) =
1√
2

(
ψ1 ⊗ ψ2 + ψ2 ⊗ ψ1

)

is maximally entangled. Despite spatial separation, the two fields maintain a fixed

breathing phase relation, illustrating BMQM’s geometric interpretation of nonlocal

entanglement.

Figure 15: Two entangled breathing fields in phase-lock: ψ1(τ) and ψ2(τ). Their
synchronized evolution encodes shared identity across disjoint membrane regions.

These examples showcase the dynamical richness of BMQM: from isolated,

entropy-minimizing stability to coherent entanglement through rhythmic τ -phase locking.
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17 Diagrammatic Geometry of BMQM

The geometry of BMQM is encoded not only in differential structure, but also in phase

bundles, entanglement loops, and collapse flows across the membrane Ω. This section

illustrates these relationships through idealized diagrams and topological constructs.

17.1 The Breathing Bundle

Each point x ∈ Ω hosts a local fibre of internal time τ , forming a U(1) phase bundle

over the base membrane:

B := (Ω, U(1)τ , π)

This diagram represents:

• Base: spatial membrane Ω, possibly curved.

• Fibres: circular internal phase orbits, one per point.

• Sections: breathing fields ψ(x, τ) as smooth maps selecting a phase per location.

17.2 Entanglement as τ-Phase Braiding

Entangled regions are phase-locked across nonlocal separations. The τ -evolution of

entangled regions traces a braided pattern in fibre phase space:
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This phase braid encodes:

• Non-separability: trajectories of ψ1 and ψ2 intertwine.

• Persistent correlation: τ -loops remain synchronized.

• Measurement effects: collapse collapses the braid into a trivial loop.

17.3 Collapse as Phase Contraction

Collapse corresponds to a geometric contraction of phase orbits into lower entropy

attractors.

• Before collapse: the state traces a complex, high-entropy path over phase space.

• After collapse: the state locks into a coherent, low-dimensional orbit—usually the

Sionic mode.

These diagrammatic structures support the deeper interpretation of BMQM as a field

theory of geometry-infused identity, expressed not in positions but in synchronized,

quantized rhythms.
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18 Category-Theoretic Recasting of BMQM

The categorical formulation of BMQM provides a high-level abstraction of breathing

dynamics, measurement, and identity. It organizes the theory into morphisms, functors,

and transformations that mirror the internal structure of space, evolution, and collapse.

18.1 The Breathing Category B

• Objects: Breathing configurations χτ = (Ω, ψ(τ), H(τ)) at internal time τ .

• Morphisms: Time-evolution maps Φτ2
τ1
: χτ1 → χτ2 , defined by solutions to the

breathing wave equation.

• Composition: Φτ3
τ2
◦ Φτ2

τ1
= Φτ3

τ1
.

• Identity Morphism: idτ : χτ → χτ .

18.2 Functors as Observables

• A functor O : B → G maps breathing states to measurable geometric structures

(e.g., energy, entropy, coherence).

• O(χτ ) = S(ρτ ), E(H(τ)),∇ψ.

• Morphisms are mapped to evolution of observables: O(Φτ2
τ1
).

18.3 Natural Transformations as Collapse

• Let O,O′ : B → G be two observables.

• A natural transformation η : O ⇒ O′ represents the entropy-reducing process of

measurement.

• Each object χτ has a morphism ηχτ : O(χτ )→ O′(χτ ).
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18.4 Higher Structures and Identity

• 2-morphisms encode changes in observational perspective or gauge (meta-evolution).

• Limits of diagrams lim
i
Oi(χ) define stable identity or breathing coherence classes.

• Collapse is a limit-preserving transformation η : O ⇒ O′ that selects minimal

entropy within an equivalence class.

18.5 Breathing as a Functorial Dynamics

The entire BMQM framework becomes a functor:

BMQM: Tτ −→ SΩ

where:

• Tτ is the category of internal time phases,

• SΩ is the category of membrane states,

• and morphisms are breathing transformations.

19 The Total Action of BMQM

The total action principle in BMQM provides a unifying variational framework from

which the fundamental dynamics of breathing, entropy, identity, and collapse emerge.

It encodes kinetic motion in internal time τ , spatial coherence over the membrane Ω,

curvature interaction, and entropy as a driving field.

19.1 Action Definition

We define the total action S[ψ,H] as:

S[ψ,H] =

∫
dτ dnx

[
1

2

(
dψ

dτ

)2

− 1

2
|∇ψ|2 − V (ψ,R) + α logS[ρ(ψ)]

]
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19.2 Term Interpretations

• Kinetic Term: 1
2
(dψ/dτ)2 captures breathing motion across τ , the internal time

parameter.

• Spatial Gradient: −1
2
|∇ψ|2 suppresses sharp spatial fluctuations, enforcing

smoothness on the membrane Ω.

• Potential Term: V (ψ,R) governs nonlinear breathing dynamics and allows

coupling to membrane curvature R(x). Example potentials include:

– V = λ
4
ψ4 for nonlinear stability,

– V = α sin2(ψ2) for Sionic locking,

– V = ξR(x)ψ2 for curvature response.

• Entropy Term: α logS[ρ(ψ)] introduces thermodynamic feedback. As entropy

drops, this term minimizes the action, leading to collapse into ordered states.

19.3 Physical Interpretation

This action unifies:

• Geometry and identity via ψ(τ, x),

• Dynamics and evolution through the Euler–Lagrange equation,

• Collapse and measurement as entropy-reducing variational paths,

• Thermodynamics and structure in the breathing field’s entropy coupling.

The BMQM action thus governs not just what evolves, but how breathing collapses into

identity — where structure, phase, and entropy resonate into rhythm.

This recasting elevates BMQM to a universal, abstract framework capable of encoding

internal dynamics, phase coherence, and collapse through categorical semantics.
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20 Qiskit Encoding of BMQM Breathing Simulation

from qiskit import QuantumCircuit , QuantumRegister , Aer , transpile , assemble

from qiskit.visualization import plot_bloch_multivector

from qiskit.quantum_info import Statevector , Operator

import numpy as np

import matplotlib.pyplot as plt

# Parameters

num_qubits = 3 # \Omega has 2^3 = 8 grid points

\Omega = QuantumRegister(num_qubits , name="\Omega")

qc = QuantumCircuit (\Omega , name="breathing")

# 1. Initialize breathing pattern \psi(\tau=0, x)

initial_amplitudes = np.sin(np.linspace(0, np.pi , 2** num_qubits))

initial_amplitudes /= np.linalg.norm(initial_amplitudes) # Normalize

initial_state = Statevector(initial_amplitudes)

qc.set_statevector(initial_amplitudes)

# 2. Define a convolution -like breathing unitary: circular phase shift

U_matrix = np.zeros ((2** num_qubits , 2** num_qubits), dtype=complex)

for i in range (2** num_qubits):

shifted = (i + 1) % (2** num_qubits)

U_matrix[shifted , i] = np.exp(1j * np.pi / 8) # Breathing phase step

U_op = Operator(U_matrix)

qc.unitary(U_op , \\Omega , label="$\psi$(\tau+1)")

# 3. Simulate breathing

backend = Aer.get_backend(’statevector_simulator ’)

result = backend.run(transpile(qc , backend)).result ()

final_state = result.get_statevector ()

# 4. Display amplitudes

print("Breathing amplitudes after evolution :\n")

for i, amp in enumerate(final_state):

print(f"|{i:03b}>: {amp.real :.4f} + {amp.imag :.4f}j")

# Optional: plot probability distribution

probs = np.abs(final_state) ** 2

plt.bar(range(len(probs)), probs)

plt.xlabel(’Qubit State \ket x>’)

plt.ylabel(’Breathing Probability ’)

plt.title(’Breathing Amplitude Distribution after Evolution ’)

plt.show()

This Qiskit code:

• Discretizes the membrane Ω into 8 qubit sites.

• Initializes a breathing pattern ψ(τ, x) via a sine-modulated amplitude register.

• Evolves the system with a convolution-like operator simulating H ⋆ Ω.

51



21 Final Conclusion and Outlook

In this work, we introduced Breathing Membrane Quantum Mechanics (BMQM) as a

geometric, thermodynamic, and algebraic generalization of standard quantum theory. At

its heart lies the rhythmic evolution of a membrane Ω governed by an internal breathing

time τ , with quantum states defined as breathing amplitudes ψ(τ, x).

Central to the formulation is the breathing Hamiltonian H ⋆Ω, a convolutional structure

that encodes energy feedback from membrane geometry. This operator governs both local

and global evolution, integrating curvature, entanglement, and information flow into a

single dynamical law.

Another foundational element is the Sionic constant σ = 1.7365, emerging from the

nonlinear stability equation as a universal breathing invariant. It defines the baseline

frequency of coherent identity and provides a bridge between dynamics and

thermodynamics. In high-symmetry limits, σ governs entropy reduction during

measurement and coherence preservation under entanglement.

Through perturbative and categorical reformulations, we showed that standard

quantum mechanics emerges from BMQM in the linear limit. Yet BMQM goes beyond: it

captures identity as coherent phase structure, entanglement as synchronized τ -dynamics,

and collapse as localized pinching in breathing amplitude space.

Future directions include deeper algebraic classifications, physical simulations on

quantum hardware, and experimental detection of τ -phase coherence. BMQM invites us

to think of reality not as static particles in space, but as a living, breathing membrane

— where memory is rhythm, identity is structure, and the universe evolves not through

time, but through breath.
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