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Abstract - Recent proposals in Information Physics posit that the physical universe may be modeled as a discrete
computational substrate. We present Grid Physics, a framework exploring the hypothesis that spacetime acts
as a Face-Centered Cubic (FCC) information lattice governed by the Principle of Computational Optimization
(ΣK → min). Unlike standard models dependent on arbitrary fitting, we demonstrate that fundamental
physical constants can be interpreted as emergent geometric impedances of this discrete vacuum. Specifically:
a) Proton-to-Electron Mass Ratio (µ ≈ 6π5) and the Fine-Structure Constant (α−1

≈ 137.036) are modeled as
intrinsic geometric properties of the lattice interface; b) We define the ”Entropic Impedance Factor” (γsys ≈

1.0418)—numerically consistent with the Proton Radius Anomaly—as the information entropy loss inherent in
projecting continuous spherical symmetries onto a discrete grid; c) We show that atomic nuclei can be modeled
as crystalline clusters of Alpha-particles, yielding binding energy predictions with > 99.9% correlation to
experimental data; d) We propose that Superconductivity in condensed matter (e.g., Twisted Bilayer Graphene)
represents a state of Geometric Resonance (N/137) between the material lattice and the vacuum impedance.
This framework suggests that physical laws may be viewed as runtime optimization protocols of a discrete
system, offering a unified geometric perspective on mass, nuclear stability, and conductivity consistent with
the Mass-Energy-Information Equivalence principle.

Keywords - Grid Physics, Simureality, FCC Lattice, Magic Angle Graphene, Nuclear Topology, Vacuum
Impedance, 137.

1 Introduction

The Standard Model of particle physics stands as one of the most experimentally robust
frameworks in science. However, its predictive power relies on approximately 19 funda-
mental constants—including particle masses, mixing angles, and coupling strengths—that
are determined empirically rather than derived from first principles. Similarly, in nuclear
physics, phenomenological models such as the liquid drop model describe how nuclei behave
but often lack a geometric derivation for the origin of nuclear stability, necessitating complex
perturbative corrections.
This paper investigates the hypothesis that these physical parameters may not be arbitrary,
but rather emergent properties of a discrete information substrate. Drawing upon recent de-
velopments in Information Physics, specifically the Mass-Energy-Information Equivalence
principle and Landauer’s limit, we postulate that physical laws operate as thermodynamic
optimization protocols within a discrete system.
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1.1 The Three Pillars of Grid Physics

Our framework rests on three fundamental axioms describing the thermodynamics of this
information substrate:

1. Conservation of Information Entropy (ΣK = const): The total informational capacity
of the system is finite. Consistent with the Second Law of Infodynamics, information
cannot be created or destroyed within a closed system; it can only be redistributed or
compressed.

2. Principle of Least Computational Action (ΣK → min): Within the constraints of the
fixed informational budget, all subsystems strive to minimize their local algorithmic
complexity. Matter self-organizes into geometric configurations that require the min-
imal information processing to sustain (analogous to the Principle of Least Action in
Lagrangian mechanics).

3. The Coherent System Threshold: The framework distinguishes between Data Primi-
tives and Coherent Systems.

� Entities simpler than the Baryon (e.g., isolated quarks or partons) behave as de-
pendent variables or ”information channels” rather than independent physical
objects.

� A System arises only when primitive data streams encapsulate into a stable, unified
topology (e.g., 3 Quarks→ 1 Proton).

Consequently, maintaining the interface of any coherent System against the discrete vac-
uum grid incurs an entropic cost—defined here as the System Instantiation Tax (or En-
tropic Impedance Factor, γsys). We demonstrate that these axioms scale invariantly from the
quantum scale to condensed matter, offering a unified information-theoretic framework for
Particle Physics and Nuclear Topology.

2 Geometric Origins of Interaction Parameters

In the Grid Physics framework, we investigate whether fundamental interaction strengths
can be modeled as geometric projection factors arising from the discrete nature of the vacuum.
Rather than fitting these values empirically, we explore the hypothesis that they emerge from
the topological mismatch between the intrinsic geometry of matter (tetrahedral symmetries)
and the vacuum substrate (cubic lattice).

2.1 Lattice Tension Factors (γ)

We define the ”Geometric Tension” as the projection ratio required to map a bond from a
tetrahedral frame (matter) onto a cubic frame (vacuum).

1. Linear Tension (γlin): Defined by projecting a tetrahedral bond vector (60◦) onto a cubic
principal axis (90◦).

γlin =
1

sin(60◦)
=

2
√

3
≈ 1.1547 (1)

We propose that this factor governs 1D structural confinement (analogous to the Strong
Force flux tubes).

2. Volumetric Tension (γvol): For 3D scalar fields (such as the Coulomb potential), this
tension is assumed to be distributed isotropically:

γvol = 3
√
γlin ≈ 1.0491 (2)
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3. Entropic Impedance Factor (γsys): To determine the effective confinement cost for
a coherent system, we correct the volumetric tension by the inherent informational
transparency of the lattice (characterized by the fine-structure constant α ≈ 1/137).

γsys ≈ γvol − α ≈ 1.0491 − 0.0073 = 1.0418 (3)

This derived geometric factor correlates closely (> 99.8%) with the ”Proton Radius
Anomaly” factor (1.0405), suggesting that the anomaly may stem from the discretization
of the proton’s charge radius.

2.2 Approximation of the Coulomb Coe�cient

Standard models fit the Coulomb coefficient (ac) to experimental data. Here, we test a
geometric derivation based on the Packing Efficiency of the FCC lattice (ηFCC ≈ 0.7405)
scaled by the Volumetric Tension:

ageom
c =

ηFCC

γvol
=

0.7405
1.0491

≈ 0.706 MeV (4)

This geometric approximation matches the semi-empirical liquid-drop coefficient (0.71 MeV)
with > 99.4% accuracy, supporting the hypothesis that electrostatic repulsion may act as a
geometric stress of lattice packing.

2.3 The Stability Criterion: Proton-Electron Mass Ratio

Finally, we apply a dimensional projection argument to the proton-to-electron mass ratio
(µ). We model the electron as a 0-dimensional point interface, while the proton is treated as
a system occupying a 5-dimensional phase space.
Under this hypothesis, the mass ratio corresponds to the projection of the internal 5D phase
capacity (π5) onto the topological interface of the cubic voxel (6 Faces):

µgeom = 6 × π5
≈ 1836.118 (5)

This geometric ansatz yields a value consistent with the experimental ratio (1836.152) to an
accuracy of 99.998%, suggesting a high-dimensional topological origin for baryon stability.

Figure 1: The Geometric Substrate. Conceptual visualization of the high-dimensional phase space capacity (π5) interfacing with the 6
faces of the cubic lattice. This geometric ratio (6π5) is proposed as the origin of the proton mass scale.
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3 Geometric Scaling of Particle Masses

Having defined the geometric constants, we explore the origin of the mass spectrum. We
propose that mass is not an intrinsic property, but a measure of the Interaction Complexity
of a geometric excitation on the lattice.
Modeling a particle as a coherent system of N active nodes forming a fully connected infor-
mational graph (Complete Graph KN), the total number of internal interactions is determined
by the combinatorial Hamiltonian:

Hint ∝
N(N − 1)

2
≈

1
2

N2 (for N ≫ 1) (6)

This suggests that mass scales asymptotically with the square of the nodal count. We define
the mass spectrum formula as:

M ≈ me ·N2
· γsys (7)

Where me is the unit mass (base interaction energy), N is the integer node count, and
γsys ≈ 1.0418 is the Entropic Impedance Factor applied to ”Open” geometries.

3.1 The Fundamental Basis

� Electron (N = 1): The Point Source. The electron acts as the fundamental unit of lattice
excitation (12). As the reference frame for the vacuum interface, its mass serves as the
definition of the scale:

Me ≡ 12
·me = 0.511 MeV

3.2 Lepton Generations

Leptons are modeled as spherical shell excitations of the point-particle interface.

� Muon (N = 14): The Unit Cell Excitation. A standard FCC unit cell is defined by 8
corners and 6 face centers (8 + 6 = 14). As a sparse, open excitation, it is subject to the
entropic impedance:

Mµ ≈ (142) · 1.0418 = 196 · 1.0418 ≈ 204.2 me ≈ 104.3 MeV

(Experimental: 105.7 MeV. Correlation: 98.8%).

� Tau (N = 59): The Geometric Shell Closure. The second topological shell of the lattice
comprises exactly 59 nodes. This represents a geometrically ”closed” object, creating a
stable resonance that minimizes the interface impedance (γ→ 1):

Mτ ≈ 592
·me = 3481 · 0.511 ≈ 1778.8 MeV

(Experimental: 1776.9 MeV. Correlation: 99.9%).

3.3 The Hadronic Sector: Primitives & Resonance

Unlike Leptons (Shells), Hadrons are modeled as geometric primitives (Lines, Planes, Hyper-
cubes). Low-order primitives are topologically ”open” and require confinement interactions,
subjecting them to the Entropic Impedance Factor (γsys ≈ 1.0418).
High-order structures (Charm, Top) achieve geometric closure (Platonic symmetries), which
allows for resonant modes that bypass the impedance factor.
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Figure 2: The Geometry of the Tau Lepton. Visualization of the saturated shell excitation (N = 59). The high mass correlation suggests a
geometric origin based on shell capacity.

3.3.1 Open Geometries (Impedance Active)

� Up Quark (N = 2): The Linear Primitive. Modeled as a fundamental edge (2 nodes).
Base interaction load is 22 = 4.

Mup ≈ (4 · 1.0418) ·me = 4.17 me ≈ 2.13 MeV

(Experimental: 2.16 MeV. Correlation: 98.6%).

� Down Quark (N = 3): The Planar Primitive. Modeled as a triangular face (3 nodes).
Base interaction load is 32 = 9.

Mdown ≈ (9 · 1.0418) ·me = 9.38 me ≈ 4.79 MeV

(Experimental: 4.67 MeV. Correlation: 97.5%).

� Pion π0 (N = 16): The Meson Tesseract. The Pion functions as a 4D connector (Hyper-
cube geometry, 24 = 16 vertices).

Mπ ≈ (256 · 1.0418) ·me = 266.7 me ≈ 136.3 MeV

(Experimental: 135.0 MeV. Correlation: 99.0%).

3.3.2 Resonant Structures (Impedance Neutral)

� Charm Quark (N = 50): The Platonic Sum. Represents the closure of 3D symmetries
(sum of vertices of all 5 Platonic solids: 4 + 8 + 6 + 12 + 20 = 50). As a closed system,
γsys → 1.

Mc ≈ 502
·me = 2500 me ≈ 1277.5 MeV

(Experimental: 1275 MeV. Correlation: 99.8%).

� Top Quark (N = 581): The Crystallographic Limit. Represents the 5th-order perfect
crystal (561 nodes) capped by a Dodecahedral shell (20 nodes).

Mt ≈ 5812
·me ≈ 172.5 GeV

(Experimental: 172.8 GeV. Correlation: 99.8%). Note: The Top Quark lifetime (<
10−24 s) is shorter than the hadronization timescale, which may physically prevent the
instantiation of the vacuum impedance tax.

https://ipipublishing.org/index.php/ipil/ 17

https://ipipublishing.org/index.php/ipil/


Grid Physics

Particle Nodes (N) Geometry Base (N2) Tax? Correlation

Electron 1 Point 1 Ref Defined
Up Quark 2 Line 4 Yes 98.6%
Down Quark 3 Triangle 9 Yes 97.5%
Muon 14 Unit Cell 196 Yes 98.8%
Pion (π0) 16 Tesseract 256 Yes 99.0%
Charm 50 Platonic 2500 No 99.8%
Tau 59 Shell 3481 No 99.9%
Top 581 Crystal 337561 No 99.8%

Table 1: Geometric correlation of particle masses. ”Open” structures are subject to the Entropic Impedance Factor (γsys ≈ 1.0418), while
”Closed” resonant structures minimize this impedance.

Figure 3: The Node Square Law. The linearity of mass vs. N2 suggests that fundamental particles behave as discrete geometric excitations
of a unified lattice substrate, consistent with network complexity scaling.

4 Lattice Approach to Nuclear Topology

While the liquid drop model provides a robust description of bulk nuclear properties, we
investigate the hypothesis that the nucleus may possess an underlying crystalline order.
Specifically, we model the nucleus as a structured assembly of Alpha-particles (4He) on the
FCC lattice. Since the Alpha-particle possesses perfect tetrahedral symmetry, nuclear growth
is modeled as a tetrahedral packing problem.

4.1 Computational Lattice Scan

To evaluate the plausibility of this lattice hypothesis, we performed an algorithmic search
using a ”Greedy Accretion” protocol. We simulated the growth of nuclear clusters from
N = 1 to N = 260 nucleons on a discrete FCC grid.

Methodology: The simulation treats nucleons as nodes striving to maximize geometric
connectivity. The placement of each new nucleon is governed by a Hamiltonian that re-
wards packing density (analogous to the Strong Force) while penalizing radial distance and
centrifugal stress:

H =
∑

neighbors

kbond − kgrav · r −
αspin

r2 + ϵ
(8)

Where αspin represents the angular momentum parameter.

18 https://ipipublishing.org/index.php/ipil/

https://ipipublishing.org/index.php/ipil/


Grid Physics

Results: The simulation reproduces the ”Magic Numbers” as geometric stability peaks,
identifying two distinct accretion modes:

1. Density-Driven Mode (Monoliths): At low spin (α ≈ 0), the lattice forms dense, faceted
structures. The algorithm identifies stability peaks at N=28 (Nickel), N=56 (Iron), and
N=126 (Lead), which correlate with geometric solids minimizing surface tension.

2. Resonance-Driven Mode (Shells): For Calcium-40 (N=20), standard packing is insuf-
ficient. However, a spin phase scan (α ≈ 0.1) suggests self-organization into a hollow
Dodecahedral Shell. This geometric solution offers a topological explanation for the
stability of Ca-40 based on dynamic angular momentum rather than static density.

Figure 4: Lattice Stability Scan (N=1 to 260). Output of the accretion algorithm. The graph shows geometric stability peaks corresponding
to known Magic Numbers. The ”Iron Wall” at N=56 appears as a saturation limit of the lattice packing.

4.2 Geometric Derivation of Binding Energies

To address the dimensional scaling between geometry and energy, we explicitly define the
Lattice Energy Quantum (E0). Consistent with the mass spectrum derived in Section 3,
we posit that the electron mass acts as the fundamental unit of interaction energy for the
substrate:

E0 ≡ mec2
≈ 0.511 MeV (9)

We then calculate nuclear binding energies as dimensionless topological weights scaled by
this constant and the lattice impedance.

1. Link Energy (Elink): A single geometric edge corresponds to the Up-quark topology
(N = 2 nodes). Applying the interaction complexity scaling (N2), the dimensionless
informational weight is Wedge = 22 = 4. The binding energy is this weight scaled by the
energy quantum E0 and the Linear Lattice Tension (γlin ≈ 1.1547):

Elink =Wedge · E0 · γlin = 4 · 0.511 · 1.1547 ≈ 2.360 MeV (10)

2. Alpha Module (Eα): A stable cubic frame (Alpha particle) consists of 12 edges.

Eα = 12 · Elink ≈ 28.32 MeV (11)

This geometric calculation is consistent with the experimental binding energy of He-4
(28.30 MeV) to within 0.1%.
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Assuming the topology of alpha-clusters follows the Euler characteristic for rigid networks
(where the number of inter-module links L ≈ 3N − 6), the total binding energy EB for a
nucleus of N alpha-modules is modeled as:

EB(N) ≈ N · Eα + (3N − 6) · Elink (12)

Nucleus Modules Geometry Predicted EB Real EB Correlation

Carbon-12 3 Triangle 92.10 MeV 92.16 MeV 99.9%
Oxygen-16 4 Tetrahedron 127.52 MeV 127.62 MeV 99.9%
Neon-20 5 Bi-pyramid 162.94 MeV 160.64 MeV 98.6%
Magnesium-24 6 Octahedron 198.36 MeV 198.25 MeV 99.9%
Calcium-40 10 Closed Core 340.04 MeV 342.05 MeV 99.4%

Table 2: Geometric simulation results for Alpha-conjugate nuclei. The model shows high correlation with experimental binding energies,
particularly for Mg-24.

Figure 5: Alpha-Cluster Topology. Visualization of nuclei as geometric clusters. Carbon-12 is modeled as a triangular arrangement, while
Oxygen-16 forms a tetrahedron.

4.3 Limits of Geometric Packing

The modular construction proceeds until the cluster reaches a critical size at Iron-56 (N = 14
modules). Beyond this point, two factors likely inhibit further geometric growth:

1. Coulomb Repulsion: Scales volumetrically (Z2
∼ Z3), eventually overcoming the

surface-based binding energy.

2. Geometric Frustration: It is topologically impossible to pack tetrahedra into an infinite
Euclidean lattice without introducing gaps (known as the 5-fold symmetry problem),
creating internal stress known as the ”Coulomb Gap”.

5 Lattice Basis of Atomic Orbitals

While Standard Quantum Mechanics describes electron orbitals as continuous probability
density clouds derived from spherical harmonics, the Grid Physics framework explores
a discrete geometric interpretation. We propose that the angular momentum quantum
numbers (l) and magnetic quantum numbers (m) correspond to specific **Lattice Symmetry
Vectors** on the FCC grid.
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