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Abstract

The reconciliation of General Relativity (GR) and Quantum Mechanics (QM) remains the
central problem of foundational physics. This manuscript presents the **Brook Framework™*,
a theoretical proposal that models the cosmic vacuum as a **non-viscous superfluid medium™**.
Building on the ” Analogue Gravity” program (Unruh, Volovik, Barcelé) and Entropic Gravity
(Verlinde), we posit that Mass is a **topological condensate** of the vacuum substrate.

We introduce a dimensional coupling constant x (derived from Planck units) to define the
**Time-Mass Equivalence** (m = xt). Within this hydrodynamic analog:

1. Field Theory: We present a toy-model Lagrangian for a complex scalar field, showing
how an effective acoustic metric emerges from the superfluid ground state.

2. Gravity: Emerges as an entropic pressure gradient in the vacuum superfluid, recovering
the Inverse Square Law via flux geometry.

3. Nuclear Confinement: Is modeled via the Bernoulli effect in coherent quantum vor-
tices, offering a geometric analog to the Strong Force.

Finally, we propose a testable prediction regarding **Gamma-ray dispersion** at ultra-high
energies (E ~ Epjner), where the discrete nature of the superfluid vacuum implies a specific
cubic violation of Lorentz invariance.
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Chapter 1

Introduction: The Superfluid Ansatz

1.1 The Crisis of Unification

Modern physics rests on two disparate foundations: the geometric determinism of General
Relativity [1] and the probabilistic fields of Quantum Mechanics |2|. The failure to unify these
frameworks at singularities suggests a flaw in our fundamental assumptions about the nature
of the vacuum.

1.2 The Analog Gravity Approach

This manuscript adopts the **”Analog Gravity”** perspective, as pioneered by Unruh [3],

Volovik [4], and Barceld, Liberati & Visser [5]. We posit that spacetime is not a fundamen-
tal geometric background, but an emergent excitation of a deeper substrate—a **Superfluid
Vacuum™*. In this view, fundamental particles are not point-like excitations but topological
defects (vortices) within the fluid.

1.3 Objectives

We aim to construct a semiclassical framework that:
e Formalizes the relationship between Mass and Time via a natural unit system.
e Derives an effective metric from a superfluid Lagrangian.

e Models particle stability and interaction using vortex topology.



Chapter 2

Dimensional Unification

2.1 The Dimensional Coupling Constant

A central hurdle in unification is the dimensional disparity between Time (7) and Mass (M).
To resolve this, we identify a fundamental coupling constant x derived from the Planck scale

ratios. We define k as:
mp c® 19
= — =14/—~511x10" GeV 2.1
=" \ha eV/s (2.1)
In natural Planck units (¢ = h = G = 1), the relationship simplifies to the dimensionless unity:

m=xt = 1= (2.2)
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This allows us to treat Mass as a ”"Condensed Phase” of temporal duration, scaled by the
vacuum flow rate k.
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Figure 2.1: The Fundamental Phase Transition. We model Mass as a topological conden-
sate (vortex) of the linear vacuum flow
[Image of Phase Transition Diagram] .



Chapter 3

Toy Model: Relativistic Superfluid
Lagrangian

3.1 Scalar Field Action

Following Volovik [4] and the analog gravity literature, we consider the simplest relativistic
Lagrangian for a complex scalar field ¢ that admits a superfluid-like ground state:

L= P(X), where X = ¢"(0,4")(9,) — V([¥]*) (3.1)

Here, the potential V'(|1)|?) is of the ”Mexican-hat” type, allowing for spontaneous symmetry
breaking of the U(1) symmetry.

3.2 The Acoustic Metric

Perturbations around the background flow of this condensate (phonons) do not follow the
Minkowski metric 7,,, but rather an effective **Acoustic Metric** ¢¢%. As derived by Barcel6

et al. [f): oo <_1 T ) (3.2)

2
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in the non-relativistic limit, which reproduces Lorentzian signatures and horizons analogous
to black holes. This demonstrates that a curved spacetime metric naturally emerges from the
hydrodynamics of a scalar field, providing the mathematical basis for the Brook Framework.



Chapter 4

Gravity: Emergent Entropic Pressure

4.1 Extension of Entropic Gravity

Verlinde [6] proposed that gravity is an entropic force. We extend this by identifying the
mechanism of this force as **Hydrodynamic Pressure**.

e Vacuum State: Low Pressure (High Entropy).
e Matter State: High Pressure (Low Entropy Condensate).

Gravity is the osmotic pressure gradient striving to restore equilibrium between the condensate
and the bulk fluid.

4.2 Flux Geometry

Assuming the pressure gradient is isotropic, the force intensity I at a distance r distributes

over the spherical shell 4712
1
I x — 4.1
- (1)
This recovers the Newtonian inverse-square law as a geometric consequence of flux conservation

in the fluid.



Chapter 5

Vortex Mechanics: Analogues to
Nuclear Forces

5.1 The Superfluid Vacuum Hypothesis

We treat the vacuum as a superfluid (7 = 0). In this regime, angular momentum is quantized,
and vortices are stable topological defects.

5.2 Stability via Circulation

The stability of the proton analog is governed by **Kelvin’s Circulation Theorem™**:

DF—O (5.1)
Dt '

This topological protection prevents the particle from decaying.

5.3 Confinement via Bernoulli Pressure

We model the confinement potential (Strong Force) using the **Bernoulli Principle™**
[Image of Venturi effect diagram]| . High rotational velocity v near the vortex core results

in a pressure drop:

1
P(r) ~ Py — §pu2 (5.2)

While this macroscopic pressure gradient is a simplification of the QCD potential [4], it offers
a geometric mechanism for binding components into the vortex core without abstract force
carriers.



Chapter 6

Topological Charge and Symmetry

6.1 Chirality as Charge Analog

In this topological model, we map electric charge to the **Chirality (Handedness)** of the
vortex.

e Matter: Positive Vorticity (+dd).

e Antimatter: Negative Vorticity (—d).

6.2 Annihilation Dynamics

The annihilation of matter and antimatter is modeled as **Vector Cancellation**.

Wnet = Wmatter + Wantimatter = 0 (61)

When the topology sums to zero, the condensed phase collapses back into the linear vacuum
state (Phonons/Photons).

Clockwise ounter-Clockwise

=
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Figure 6.1: Annihilation as Vector Cancellation. Opposing tangential velocities sum to
zero, converting the vortex back into linear energy
[Image of Brook Theory Antimatter Annihilation Diagram)] .



Chapter 7

Phenomenological Predictions

7.1 Lorentz Invariance Violation

The Brook Framework models spacetime as a fluid condensate rather than a fundamental
geometric manifold. Consequently, at energy scales approaching the Planck scale (E ~ Ep),
the "graininess” of the fluid must become apparent. We predict a modification to the photon
dispersion relation at ultra-high energies:

E
E? ~ p*c? (1 - fE—P) (7.1)

This implies an energy-dependent speed of light, where high-energy gamma rays traveling from
distant blazars would arrive slightly later than lower-energy photons [8].

7.2 Quantum Restoration

To avoid the "Heat Death” paradox, we invoke a **Homeostatic Principle**. We propose that
non-local entanglement acts as a negative entropy resource, balancing local entropic production

(AS =~ 0).



Chapter 8

Conclusion

The Brook Framework offers a heuristic analog model for unification. By defining the coupling
constant x and modeling the vacuum as a superfluid, we unify mass, time, and gravity under
a single thermodynamic framework.

1. We derived an effective acoustic metric from a toy-model Lagrangian.

2. We modeled particles as stable topological vortices.

3. We resolved singularities as phase-change limits.

A distinct signature of a non-relativistic superfluid vacuum would be a cubic energy depen-
dence in photon dispersion at ultra-high energies, Ac/c < —(FE/Ep;)?, opposite in sign to many
quantum-gravity models. This is in principle testable with future gamma-ray observatories.
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