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Abstract: Matrix Node Theory (MNT) proposes a fundamentally deterministic model that unifies quantum
mechanics and general relativity by positing a discrete lattice of “nodes” as the fabric of spacetime. All particles
and fields emerge from node interactions, reproducing quantum phenomena with hidden certainty while
recovering classical gravity at large scales 7 2 . This whitepaper consolidates recent developments in MNT,
deriving physical constants from first principles, explaining particle formation thresholds, and predicting testable
phenomena across scales. We present a cohesive framework with consistent notation, spanning theoretical
foundations to experimental validations. Key results include a unification of known forces via node coupling terms,
emergent derivations of h, ¢, G, and A, mechanisms for Standard Model gauge symmetries, and concrete
predictions (Casimir effect deviations, gravitational wave echoes, a 13 TeV “Evans” resonance, dark-matter-
mimicking effects, and a vacuum energy extraction concept). We also address open questions and the profound
implications of MNT for physics and technology.
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1. Introduction & Motivation

Unifying quantum mechanics and general relativity into a single coherent framework has long been a “holy
grail” of theoretical physics. Quantum theory is inherently probabilistic, while general relativity is
deterministic and geometric - their direct merger has proven elusive. Matrix Node Theory (MNT) aims to
bridge this divide by proposing a fundamentally deterministic, discrete model of spacetime and matter 1 .
In MNT, the fabric of reality is composed of a matrix of nodes - elemental units of space (and information) -
arranged in a lattice. All physical entities (particles, fields, curvature) emerge from interactions between
these nodes. By modeling quantum events as deterministic node pairings rather than truly random
wavefunction collapses, MNT reproduces quantum behavior with an underlying certainty 3 4 . At the
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same time, the collective geometric effects of many node interactions can recover classical spacetime
curvature as described by general relativity 5 .

Each node carries quantized energy and interacts with others through specific orientation angles and
resonance conditions. Phenomena that appear as quantum wave-particle duality and entanglement are
hypothesized to result from structured node interactions: when two or more nodes become sufficiently
coupled (analogous to an “observation” or interaction), a localized energy packet (particle) materializes;
when not paired, energy remains delocalized as a wave across the lattice 3 . This picture provides a clear
physical criterion for wave vs. particle manifestation - a deterministic threshold event - rather than invoking
inherent randomness. It echoes Einstein’s intuition that hidden variables might restore determinism to
quantum physics, while extending general relativity's concepts down to the Planck scale 5 .

The motivation for MNT is not only philosophical (restoring determinism) but also practical. A unified node
model can potentially explain phenomena that today require disparate theories - from high-energy particle
behavior to cosmic-scale effects like dark matter, dark energy, and the Big Bang initial conditions (the “O-
event” origin of spacetime) 6 . MNT integrates concepts from quantum field theory, general relativity, and
cosmology by treating them as different regimes of one underlying interaction network. Quantum
mechanics emerges from short-range, high-frequency interactions of nodes; classical spacetime curvature
arises from cumulative low-frequency node interactions at large (macroscopic) scales. For example,
cosmological phenomena such as the cosmic microwave background or accelerating expansion of the
universe may be described as large-scale resonance patterns in the node lattice rather than requiring
separate ad hoc physics.

In this paper, we present a refined formulation of Matrix Node Theory consolidating recent work. Section 2
introduces the fundamental postulates and lattice structure of nodes. In Section 3, we detail the core
interaction dynamics of the node network that yield both quantum and gravitational effects. Section 4
derives physical constants and key parameters within MNT, demonstrating how quantities like Planck’s
constant (h), the speed of light ¢, Newton's constant G, particle masses, and even the cosmological constant
A can arise from or be consistent with node physics. Section 5 describes the criteria and thresholds for
particle formation (including a universal energy density threshold T and an angular alignment condition 8),
which lead to deterministic wavefunction collapse. Section 6 discusses how Standard Model forces and
gauge couplings might emerge from symmetries or constraints in the node lattice. In Section 7, we show
that coarse-graining the node network at large scales reproduces Einstein's field equations of general
relativity and standard cosmology, while also providing a natural mechanism for cosmic expansion.
Section 8 presents concrete predictions and experimental tests of MNT, focusing on five key areas: (8.1)
small corrections to Casimir forces and Lamb shift in atomic spectra, (8.2) possible gravitational wave
echoes following major events, (8.3) a dark-matter-like effect from “dark” nodes without new particles, (8.4)
a 13.037 TeV dijet resonance (dubbed the “Evans Particle”) suggested by MNT's particle spectrum, and (8.5)
a prototype concept for a vacuum-drive using Spacetime Resonant Energy Extraction (SREE). Section 9
addresses broader implications, open questions, and remaining challenges (e.g. incorporating gauge
symmetries, high-dimensional effects, and refining numerical constants). Finally, Section 10 concludes with
an outlook on the path forward for MNT and its potential impact on physics and technology in the coming
years.
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2. The Discrete Lattice of Nodes (Fundamental Postulate)

Figure 2.1: Illustration of the discrete node lattice underlying spacetime in MNT. Each cube in the schematic
represents a node site, and connections (edges of the cube) indicate potential interactions between adjacent
nodes. In the physical lattice, nodes would fill 3D space at roughly Planck-scale spacing. Collective excitations of
this lattice manifest as fields and particles.

MNT's foundational postulate is that space and matter are composed of a discrete lattice of nodes.
Rather than treating spacetime as a continuous manifold, MNT posits an underlying grid-like structure,
where each node can be thought of as a quantized “atom” of spacetime that holds energy and information.
Adjacent nodes in this lattice can interact, and it is through these interactions that all known physical
phenomena emerge. The node lattice provides an absolute but fine-grained reference frame (at extremely
small scales, on the order of the Planck length or smaller) that replaces continuum space. However, this
lattice is not directly observable at larger scales - its presence is only felt through the physics it produces. At
distances much larger than the lattice spacing, space appears continuous and smooth (recovering ordinary
relativity), but at the microscopic scale the graininess becomes important.

Each node has a set of properties, primarily an intrinsic energy (which may be in discrete units) and possible
qguantum phase/orientation. The nodes are connected in a fixed topology - for simplicity one can imagine a
cubic grid as in Figure 2.1 - though the actual connectivity might be more complex (including diagonal or
higher-dimensional links as needed). Importantly, the lattice provides a built-in maximum interaction speed:
disturbances propagate by hopping from node to node, naturally reproducing the existence of a finite light
speed c. We assume homogeneous nodes (all nodes are identical in nature), and empty space is simply the
lattice in its ground state. Matter and fields correspond to excited states of this lattice, i.e. particular
patterns of node energy distribution and node-to-node coupling.

Fundamental Interactions: In MNT, every fundamental interaction is modeled as an exchange between
two or more nodes in the lattice. Even interactions that involve fields propagating over distance (like
electromagnetic forces) are mediated by intermediate nodes transmitting influence. To quantify the



interaction between any two given nodes j and j, MNT defines a node interaction functional I'<sub>MNT</
sub>(j, j, t) - essentially an interaction energy or influence - which is a sum of several components capturing
different physical effects 7 :

FMNT(i’j’ t) = Anl(ihja t) =+ pq(rij) + F(Za]) + Gd(t, Tij) + Achaos(t) . (21)
Each term on the right-hand side represents a distinct aspect of the node-node interaction & 9 :

« A<sub>nl</sub>(i,j,t) - Nonlinear spacetime coupling term. This accounts for feedback and self-
interaction within the node network, analogous to spacetime curvature or geometric nonlinearity.
When many nodes cluster or strongly interact, A<sub>nl</sub> ensures the effective interaction isn't
simply additive but includes higher-order effects (similar in spirit to how mass-energy curves
spacetime in general relativity) 9 . At large scales or high node densities, A<sub>nl</sub> can
produce gravitational-like attraction and other nonlinear phenomena.

p<sub>q</sub>(r<sub>ij</sub>) - Quantum potential term. This depends on the separation
r<sub>ijj</sub> between nodes i and j. It encapsulates the quantum mechanical influence that one
node exerts on another, effectively representing potentials like Coulomb or Yukawa between
quantized charges/masses 10 . One can think of p<sub>qg</sub> as the “quantum energy density”
linking nodes - significant for nearby nodes and decaying with distance. In quantum regimes (few
nodes interacting, small r<sub>jji</sub>), this term dominates and reproduces behaviors like
uncertainty and tunneling.

F(i,j) - Classical force term. This represents contributions of known forces if the nodes carry
corresponding charges or quantum numbers. In the unified picture, what we call electromagnetic,
weak, or strong nuclear forces are effective manifestations of underlying node interactions. However,
to ensure MNT recovers known physics in the appropriate limit, an explicit term F is included to
encode those classical forces in a phenomenological way 10 . For example, if nodes i and j each are
part of charged particle configurations, F(i,j) would produce the Coulomb force between them. At
macroscopic scales (many nodes, large separations), F (along with A<sub>nl</sub>) dominates,
yielding inverse-square-law forces like gravity and electromagnetism.

O<sub>d</sub>(t, r<sub>ij</sub>) - Inter-dimensional (angular) coupling term. Denoted © to avoid
confusion with the angle variable 6, this term accounts for effects beyond the familiar 3+1
dimensions 11 12 | It involves the angular orientation parameter 6 (measured in radians) that
characterizes node alignment in the lattice. Physically, ®<sub>d</sub> captures how a specific
alignment angle between nodes might enable leakage or coupling through extra-dimensional
aspects of the lattice. In simpler terms, if nodes achieve a special relative orientation 8, it could
enhance or diminish their interaction strength (analogous to how polarization alignment affects
wave interference) 2. This term introduces high-frequency, small-amplitude modulation to
interactions and could be related to phenomena like particle spin or hidden variables. Under normal
conditions ©<sub>d</sub> is negligible, but in extreme setups (high energy alignment or multi-
dimensional resonance) it might produce detectable deviations (Section 8 discusses possible high-
frequency gravitational wave effects from this term).

« A<sub>chaos</sub>(t) - Chaotic perturbation term. This represents stochastic-looking fluctuations in
the node interactions. In standard quantum theory, one might attribute randomness or zero-point
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fluctuations to fundamental indeterminism. MNT, by contrast, treats these as deterministic chaos
resulting from the complex many-node network 13 14 . A<sub>chaos</sub>(t) introduces rapid,
small oscillations reflecting sensitive dependence on initial conditions in the node lattice.
Importantly, while A<sub>chaos</sub> may appear random over short times, it is fully determined
by the microstate of all nodes and thus represents pseudo-randomness rather than true quantum
randomness. In macroscopic regimes or steady configurations, these chaotic fluctuations average
out, whereas in microscopic regimes (few nodes) they contribute to effects akin to quantum
uncertainty. This term ensures MNT can mimic quantum statistics (e.g. apparent wavefunction
collapse probabilities) even though underlying evolution is deterministic.

Together, Equation (2.1) is the master expression ensuring that MNT interactions include all necessary
components: nonlinear spacetime effects (A<sub>nl</sub>), quantum potentials (p<sub>q</sub>), known
forces (F), possible extra-dimensional influences (©<sub>d</sub>), and chaotic dynamics (A<sub>chaos</
sub>) 15 16  In different physical regimes, different terms dominate. For example:

*In quantum-dominated regimes (very small scales, only a few nodes interacting, subatomic
distances), the quantum potential p<sub>q</sub> and chaotic term A<sub>chaos</sub> may be the
largest contributions, reproducing quantum behavior like uncertainty principles and tunneling 15 .
Meanwhile A<sub>nl</sub> and F would be very small (since gravitation and large-scale forces are
negligible at quantum scale).

+ In classical/macroscopic regimes (many nodes, large separations r<sub>ij</sub>), the nonlinear
term A<sub>nl</sub> and classical force term F dominate, yielding strong gravitational fields and
electromagnetic forces as we know them. The quantum term p<sub>qg</sub> and ©<sub>d</sub>
become very small, and A<sub>chaos</sub> averages out (so no noticeable quantum fluctuations)

15 . Thus, (2.1) seamlessly interpolates between quantum mechanics and general relativity within
one formula.

In summary, MNT's discrete lattice postulate replaces the continuum with a quantized substrate, and
defines a comprehensive interaction functional that can yield the full spectrum of physical laws by varying
the scale and state of the node network. This approach sets the stage for a unified wave-particle formalism,
described next.

3. Node Interactions - Quantum & Gravitational Dynamics

Having described what the nodes are and the ingredients of their interactions, we now develop how these
interactions give rise to familiar quantum and gravitational dynamics. Two key innovations of MNT are: (a)
an angular-radian formalism for wave-like behavior, and (b) explicit threshold conditions for particle
formation (ensuring determinism in wavefunction “collapse”).

3.1 Angular-Radian Wavefunction Formalism

A unique feature of MNT is the emphasis on an angular parameter 6 (in radians) as a fundamental degree
of freedom in node interactions 11 . In the node lattice, 8 can be interpreted as a phase angle or orientation
difference between interacting nodes. Physically, one might think of 8 as representing the relative phase of
their oscillatory connection or the geometric orientation of their bond. For example, if a particular node-
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node interaction corresponds to a photon-like coupling, 8 could correspond to the polarization angle of that
interaction 17 . Similarly, 8 might encode phase alignment conditions that relate to quantum phases.

MNT postulates a composite wavefunction W that depends on 6, energy £, and time t:
¥(4,E,t),

which characterizes the state of a node (or a pair of nodes) in terms of an angular configuration and energy
content 18 . This W is not a traditional position-space wavefunction, but rather a generalized state function
on the node network. We interpret |W(9, E, t)|? as being proportional to an interaction intensity or
effective probability density for a certain configuration 19 . In other words, given a pair (or cluster) of
nodes, |W|?indicates how strongly that configuration is “lit up” or resonant.

The evolution of W is governed by a wave-like equation derived from the interplay of node interactions. In
the simplest approximation (neglecting nonlinearity and chaos for a moment), the angular part of ¥ might
satisfy a form analogous to a Schrédinger or wave equation. We can write a generic wave equation for W as:

2
%\IJ((),E,t) = —w’(0,E)¥(9,E,t), (3.1)
where w(B, E) is some effective angular frequency function that depends on the angular alignment and
energy. This is akin to saying each node pairing mode oscillates at a frequency set by its orientation and
energy (capturing both quantum wave oscillation and relativistic time dilation effects). For example, one
might choose w such that it incorporates relativistic time dilation: h(t) = exp[-i w T(t)], where t(t) is the
proper time as a function of coordinate time (for low velocities t=t, for high velocities t reflects time
dilation) 20 . By building Lorentz invariance into w vs. T, we ensure relativity is respected in wave
propagation.

In the linear regime (when node interactions are weak and we can ignore A<sub>nl</sub> and
A<sub>chaos</sub>), Equation (3.1) would reduce to familiar forms. In fact, one can show that by suitable
identification of variables, MNT's wave equation recovers standard wave mechanics: small oscillations of
nodes yield something analogous to the Schrédinger equation or the Klein-Gordon equation in appropriate
limits 16 . The novel aspect is the explicit 8 dependence: waves propagate through the lattice as oscillations
of node alignment. A changing electromagnetic field, for instance, could be visualized as oscillating 6
alignments of successive nodes - a kind of angular wave passing through the network 2! . This gives a
tangible picture: e.g., a photon is a pattern of 8 oscillations moving across nodes (instead of a classical E&M
field in vacuum).

In the nonlinear regime (strong coupling, many nodes), Equation (3.1) gets modified by adding terms from
A<sub>nl</sub> and A<sub>chaos</sub>, leading to nonlinear wave equations. These can yield new
behaviors beyond classical linear waves. Importantly, even in these cases the underlying determinism
remains - the complexity arises from nonlinear coupling rather than external randomness.

3.2 Particle Formation Criteria and Deterministic Collapse

One of MNT's most significant claims is that it provides a deterministic mechanism for the transition from
wave-like behavior to particle-like behavior, i.e. a resolution of wave-particle duality without true
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randomness. This is achieved via explicit threshold criteria. As the energy and alignment of nodes evolve
(according to the wavefunction dynamics above), there comes a point at which a stable particle “crystallizes”
out of the underlying wave. This is analogous to how in chemistry a supersaturated solution will suddenly
crystallize when a threshold is crossed - the event is sudden but ultimately deterministic given initial
conditions.

MNT formalizes this with a threshold function T(¥, 6, t) which measures the local interaction intensity or
energy concentration of a node configuration. When T exceeds a universal threshold value t, a particle is
formed 22 :

T(¥,0,t) > 7 =  Particle Formation (wave becomes particle). (3.2)

Here t is a fundamental constant of MNT (with units corresponding to the chosen form of T, e.g. an energy
density threshold) 22 . If the threshold is crossed, the node configuration “locks in” as a particle; if T remains
below t, the system stays as a delocalized wave and no single particle is realized 23 . This criterion provides
a sharp, yes/no condition that replaces the statistical Born rule of quantum mechanics with a deterministic
rule: below threshold = wave, above threshold = particle 24 .

What determines T practically? One can think of T as related to the energy density or curvature
concentrated in a region of the lattice by a wavefunction. For example, as two or more nodes become
phase-aligned (8 approaching some resonant value 8’) and energy E accumulates in that mode, the
amplitude |W| grows. Eventually T = |W|? (or some function of it) exceeds t 12 25 , At that moment, the
formerly spread-out wave coalesces into a localized bundle - a particle is “born” deterministically. Figure 3.1
illustrates this concept: at first, W is too small or too diffuse to trigger anything, but as energy increases or
nodes align more precisely (6 reaches a special resonant angle ©’), T rises. When T > 1, the energy localizes
and a particle emerges (analogous to an avalanche occurring once enough sand grains pile up).

<small>Figure 3.1: Schematic of deterministic collapse. As nodes oscillate in phase (angle 6 aligning) and
energy builds, the interaction intensity T increases. Once T crosses the universal threshold t, the
configuration snaps into a particle state. This process is analogous to reaching a critical density beyond
which a new phase forms (here, wave — particle).</small>

The threshold T is envisaged as universal (all particles form by the same criterion) but context-dependent in
magnitude. MNT currently treats T as an order-of-magnitude constant (to be tuned to empirical data) on the
order of a few GeV per small volume (e.g. within ~10A-19 m®) 26 27 | This scale is chosen so that everyday
ambient fluctuations (thermal, vacuum, etc.) are far below t (hence we don't see particles popping out of
the vacuum constantly), yet high-energy collisions (like those at the LHC reaching TeV-scale in tiny volumes)
readily exceed T, producing new particles 28 . In practice, forming an electron might require a certain node
energy concentration, whereas forming a Higgs boson (125 GeV) requires a higher concentration; these
might imply slight context variations or an effective t that depends on the particle type 29 . For simplicity,
we treat T as a single constant in this whitepaper, acknowledging it likely sits in a range that yields correct
outcomes when calibrated (Section 4 will list a value).

What about 0’ (theta-prime) mentioned in the Section title? We use 08’ to denote a special alignment angle
that maximizes coupling - essentially a resonant angle. In many scenarios, node interactions might have
preferred quantized orientations. For instance, if 6 corresponds to phase difference, a value like 8" = 21 (full
phase alignment) could be ideal. Or if 8 is an orientation in a higher-dimensional space, 8" might be some
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specific angle where inter-dimensional leakage is highest. In context, 6” helps set when T grows fastest:
when B = 0, small changes yield large W response (constructive interference of node waves). Thus, 8’ works
hand-in-hand with t: the system might need both sufficient energy and the right orientation to trigger
collapse. In formulas, one could incorporate 6’ into T by writing T = T<sub>0</sub> sin%((6 - 8")/2) |W|? or
similar, so that T is maximized when 6 = 0",

The outcome of crossing threshold is that a stable node cluster (the particle) forms. Once formed, that
particle remains as a bound node configuration until disrupted by another interaction (e.g. collision causing
it to decay) 30 . This means wave-particle duality in MNT has a clear delineation: as long as the system is
sub-threshold, it behaves wave-like (spread over multiple nodes, able to interfere, etc.); once super-
threshold, it “freezes” into a particle (localized node cluster carrying discrete quantum numbers). There is no
mystery about observation causing collapse - collapse is simply a nonlinear phase transition triggered by
reaching T= t 24 31 .The apparent randomness of when/where a standard quantum wave might collapse
is in MNT explained by our lack of knowledge of the exact node microstates and chaotic dynamics; in
principle, if one knew all initial node conditions, one could predict exactly which interaction pushes T over t
32 (just as one could predict which grain triggers an avalanche if one had complete info on a sandpile).

Illustrative example: Consider two nodes oscillating out-of-phase (8 far from 6’) with low energy - they
exchange “virtual” excitations but no particle forms. Now increase energy input (say by an external field or
collision) and adjust their relative orientation towards alignment. W(6, E, t) grows in amplitude. At the
moment the phase difference equals 8" and the energy is high enough, T surpasses t. Immediately, a
particle manifests - for instance, a tightly bound node pair that we identify as a new particle. If these nodes
had been part of colliding nuclei, this event corresponds to creation of a real particle from previously
delocalized fields (much like a high-energy proton collision producing a Higgs boson once enough energy
density is focused). The difference is that in MNT it is a deterministic outcome of reaching T = t, not a
random quantum fluctuation. If the initial conditions were slightly different, T might have never reached t
and no particle would form - or it might reach at a different time or location. This unpredictability from our
perspective mimics quantum randomness, but fundamentally each outcome is determined by the initial
node states and dynamics 33 .

Lastly, once a particle exists, it can move through the lattice as a coherent node cluster. It will remain stable
until sufficient energy is drawn away (perhaps by interactions with other particles) such that the internal T
of that cluster falls below t, at which point it can “melt” back into waves (i.e. the particle decays) 34 . In
standard terms, an unstable particle has a lifetime t<sub>decay</sub>: in MNT this corresponds to the
internal node configuration slipping below threshold T < t due to slow energy leakage (hence obeying an
exponential decay law similar to N(t)=N(0)exp(-t/t<sub>decay</sub>) 35 ).

Summary: MNT introduces T and 6’ as key parameters for particle production. T is a critical threshold in
energy density (or interaction intensity) required to form a particle, and 8’ is a resonant alignment angle
that maximizes the likelihood of achieving that threshold. These allow MNT to reproduce quantum
observations (wave behavior until measurement yields a particle) but with a deterministic underpinning: the
“measurement” effectively provides the energy or alignment push that brings T above t. There’s no need for
a mysterious observer-induced collapse - collapse (particle emergence) happens naturally when physical
conditions demand it 33 . This offers a conceptually clear resolution of the measurement problem and
ensures consistency with macroscopic reality: everyday objects are stable particles (or bound sets of
them) because ambient T is high relative to t in those configurations, whereas microscopic systems hover
near threshold allowing superposition-like behavior until perturbed.
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With the core framework in place - node interactions (Equation 2.1) and wave/particle behavior
(Equations 3.1 and 3.2) - we proceed to demonstrate how known physical constants and quantities arise in
MNT, and how to choose MNT's parameters to match empirical data.

4. Derivation of Physical Constants (h, c, G, A, particle masses...)

A compelling theory of everything should not only qualitatively explain phenomena but also yield the
numerical values of fundamental constants (or at least relate them to deeper parameters). In this section,
we discuss how MNT introduces a set of new fundamental constants and reinterprets existing “given”
constants of nature as emergent from the node lattice. Table 4.1 summarizes the key constants and
parameters in MNT, including whether they are fundamental postulates of the theory or determined by
fitting to known data 36 37 . Below, we elaborate on a few particularly important constants:

* Node Interaction Scale (N<sub>c</sub>): This constant sets the overall energy scale for node-node
interactions. Essentially, it calibrates how strong the baseline coupling is between two “unit” nodes.
We find that choosing N<sub>c</sub> = 107-6 (in appropriate nondimensional units) allows MNT's
equations to recover observed macroscopic forces 38 . This value was obtained by requiring that, in
the emergent large-scale limit, the effective inverse-square law strength corresponds to Newton's
gravitational constant G 39 40 . In practice, N<sub>c</sub> is tuned so that plugging it into our
energy formulas (coming shortly) reproduces known values like the binding energy of the hydrogen
atom or the gravitational potential of Earth-Sun. Think of N<sub>c</sub> as analogous to something
like the Planck energy scale - it's the amplitude that, when combined with the lattice dynamics,
yields the familiar strengths of interactions.

Angular Quantization (8): MNT treats a specific small angle as a notable constant. In our current
formulation, we set a base angle 6 = 0.1 radian (~5.7°) as a fundamental increment 41 . This choice
emerged from fitting patterns in atomic spectra; it appears that if node interactions incorporate an
angle of about 0.1 rad, then certain quantized energy levels line up with observed spectral lines. For
example, if an energy term involves sin(6-n), setting 6 = 0.1 rad means that for n = 10, 8:n = 1 rad,
producing a noticeable effect size 42 43 . Essentially, 6 = 0.1 rad acts as a “step size” in phase
differences that produce measurable consequences. This could be hinting that the lattice has a slight
preferred periodicity or resonance at that angle, though the exact significance is open to refinement.
We flag that future work may adjust this value, but it remains a useful parameter for now to get
guantitative matches.

Threshold Energy Density (t): As introduced in Section 3.2, T is the critical threshold for particle
formation. We list T in the table with an order-of-magnitude estimate. As discussed, Tt is not pinned
to one exact number yet 26 ; it might vary slightly for different processes (e.g., electrons vs. Higgs
formation). However, we can assert a range: it must be large enough that random vacuum
fluctuations do not constantly create particles (they don't, empirically), and low enough that high-
energy collisions do create particles routinely 28 . A rough ballpark satisfying these constraints is t
on the order of GeV/fm? (a few GeV in a volume of order 102-45 m?, roughly a proton volume). This
yields correct qualitative behavior: cosmic ray or collider events occasionally exceed this local density
(creating new particles), while normal conditions (cosmic microwave background, lab vacuums) stay
safely below T 28 . We will use t as a tunable constant to match particle production rates.
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« Emergent Constants (¢, h, G): In MNT, some constants we normally consider fundamental are
actually emergent properties of the lattice 44 :

* The speed of light (c) is effectively the propagation speed of node interactions. We incorporate ¢ “by
construction” in the lattice - that is, we set the rules so that information cannot hop between nodes
faster than c. In a sense, ¢ in MNT is akin to the maximum spring propagation speed in a crystal
lattice. It's not derived from deeper constants here; rather, we build it in as a property of spacetime
nodes (hence preserving Lorentz invariance from the start). All our equations respect this invariant
speed.

Planck’s constant (h), which sets the scale of quantum effects, is also embedded in our formalism.
Since MNT's equations must reduce to quantum mechanics for small systems, we ensure that
energy-frequency relationships and action quantization match the usual h. One way to see this: the
discrete nature of node interactions introduces a smallest unit of action. If a node’s smallest possible
energy-phase increment corresponds to one quantum, that naturally introduces h. In practice, we
treat A as an input constant in constructing the wave equation (3.1) so that it yields the correct
quantization in known regimes. (For example, the relation E = hw for a mode emerges from our
wavefunction definitions by design.)

Newton'’s Gravitational Constant (G) emerges when considering a large ensemble of nodes (mass)
interacting with another ensemble through the N<sub>c</sub> and p<sub>q</sub>terms 44 45 | If
one calculates the net effect of many nodes (with cumulative energy = mass) on others at a distance,
the leading term is an inverse-square force. The coefficient of that term can be identified with G. By
calibrating N<sub>c</sub> appropriately (as mentioned), we ensure this effective G matches the
known value 6.67x10A-11 m3/kg-s® Thus G is not fundamental in MNT but rather a derived coupling
describing lattice interactions in the continuum (large-scale) limit.

Cosmological Constant (A): MNT offers a fresh perspective on dark energy and A. Instead of a fixed
constant vacuum energy, MNT attributes cosmic acceleration to a global resonance mode of the
lattice 46 47 _If the entire node network has an ever-so-slight oscillatory expansion mode, it would
cause a small effective outward push (expansion) everywhere - this acts like a A. The key difference is
that in MNT this mode could be time-dependent (e.g. a very low-frequency oscillation) rather than an
immutable constant 48 . This means what we call A might slowly change over cosmic time as the
lattice resonance evolves (unlike the strict constant in ACDM). For calculations at present epoch, we
treat A as effectively constant and fit its value (around 1.1x10A-52 mA-2 in standard units) by tuning
the lattice global mode amplitude. In essence, A arises from the node lattice’s ground state being
slightly excited - a tiny bias that all nodes drift apart with a certain small acceleration. Section 7 will
discuss how this can decay or shift, addressing why the Universe’s expansion rate might vary (hinting
at solutions to the cosmological constant fine-tuning problem).

Particle-specific parameters: MNT also introduces parameters like k, a, B, y, 6 that appear in our
derived energy formulas (below) to fit the spectrum of particle masses and force strengths. These
are not new fundamental constants per se, but coefficients to terms representing different physical
contributions (e.g. a and B might relate to quantized angular momentum contributions, y to a
curvature of the potential, etc.). We will see them in Equation (4.1) and subsequent formulas. Their
values are chosen by matching known data (like setting & to fine-tune small mass differences) 49 .
While this might seem like adding many free parameters, it's analogous to how the Standard Model
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has numerous constants (masses, mixing angles, coupling strengths) that must be empirically set.
The hope (and some preliminary evidence) is that MNT's parameters are fewer and more natural,
and some can be calculated from deeper lattice properties eventually.

Table 4.1 - Key Constants in MNT and their Roles (simplified for illustration):

Constant/ . L
Role in MNT Determination
Parameter
Baseline scale of node-node interaction
N<sub>c</sub> Fitted to reproduce G (calibrated to

(Node coupling)

0 (Angular
increment)

T (Threshold)

¢ (light speed)

h (Planck’s
constant)

G (Newton's
constant)

A (Cosmological
“constant”)

K a B Y o
(Model coeffs)

energy 38 . Determines overall force
strengths (when combined with p, etc.).

Base radian phase difference in lattice
51 . Appears in quantization conditions
and energy levels.

Critical interaction intensity for particle
formation 22 . Governs wave — particle
collapse.

Max propagation velocity in lattice -
ensures Lorentz invariance.

Quantum of action in node interactions.
Scales the W oscillations.

Emergent coupling from cumulative
node interactions 53 . Not fundamental
in lattice, but effective large-scale
strength.

Effective global resonance causing
expansion 54 . Acts like a tiny universal
repulsion.

Coefficients in energy equations for
nodes (see Eq. (4.2)). Represent various
physical contributions (curvature,
oscillatory terms, etc.).

gravitation and other forces) 50 .

Chosen to fit atomic spectral patterns
(=0.1rad) 52 .

Set by requirement of matching
particle production thresholds (few
GeV in tiny volume) 28 .

Built-in as fundamental lattice
property (set to 299,792,458 m/s).

Incorporated so that E = hw relations
hold; effectively input as
1.055%10/A-34 Js.

Emerges when N<sub>c</sub> tuned;

check by deriving inverse-square law
53

Fitted to observed acceleration; in
MNT related to lattice's low-frequency
mode.

Fitted to match particle masses, force
strengths, and anomalies 49 . For
example, y controls a small extra
“dark” effect.

These constants feed into the specific equations of MNT that we derive next. Armed with them, we can now
formulate explicit expressions for node interaction energies and see how known physics emerges.

5. Particle Formation & Thresholds (t, 6, AE)

In this section, we delve deeper into the quantitative conditions for particle formation introduced
qualitatively in Section 3.2. We also discuss how energy differences (AE) come into play and how the
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threshold concept (t, with possibly context-dependent 6 yields actual numbers for particle masses and
reaction outcomes.

Unified Energy Interaction Equation: We begin by deriving a general expression for the energy
associated with a pair (or small cluster) of interacting nodes, based on the interaction functional (2.1). The
goal is to express a stable interaction/bound state energy E in terms of fundamental constants and
variables like curvature k, node density p, and a quantum number n.

Starting from I'<sub>MNT</sub>(i,j,t) (Equation 2.1), consider a quasi-static interaction (time-independent
for the moment, focusing on a steady bound state). In that case, the time-dependent parts like ©<sub>d</
sub>(t) and A<sub>chaos</sub>(t) average out (chaotic fluctuations average to zero over time, and
nonlinear feedback settles to fixed values when positions are fixed). Thus, for energy calculations of a stable
two-node bond, we approximate 55 :

E(i,j) = Mu(i,7) + pg(rij) + F(3,7). (5.1)

Here we've omitted the explicitly time-varying components, treating them as small oscillatory corrections
for now. Now, guided by symmetry and known limits, we can propose an ansatz for £(j,j) that captures both
extreme regimes (quantum and classical) and interpolates between them. For widely separated, weakly
interacting nodes, E should reduce to something like a gravitational potential plus possibly an electrostatic
potential (if charges are present). For very close, strongly interacting nodes (like in a bound particle), we
expect energy quantization reminiscent of quantum bound states (like quantized orbital energies in atoms).

One simple ansatz that achieves this - inspired by dimensional analysis and the need to include a few key
terms -is 56 57 :

E = N.kp + asin(fk) + yk* + §sin(6n). (5.2)

Each term here arises from a particular consideration:

* N<sub>c</sub> K p: The baseline term. Here k can be thought of as proportional to some measure
of the curvature or intensity of the node link (for example, in a gravitational context, k might relate
to the gravitational potential or curvature induced by one node on another) 56 . p might represent
the “density” of nodes in the interaction region (or an effective overlap factor). Thus N<sub>c</sub>
K p gives a basic energy contribution that scales with curvature x density, with N<sub>c</sub>
setting the scale. In the gravitational analogy, if one node has mass m1 and the other m2, N<sub>c</
sub> k p could reduce to -G m1 m2 / r (an inverse-distance potential) for appropriate definitions of k
and p. This term ensures that for macroscopic masses, E yields the correct classical gravitational (and
similarly electromagnetic) potential - essentially it's the classical binding energy term.

a sin(B K): A periodic term in k. This is introduced to allow oscillatory contributions, which can model
things like quantum energy level structure or resonant phenomena. For instance, in an atomic
system analogy, a sin(B k) might produce quantized energy levels if k itself is quantized. In the
gravitational context, this term might be negligible (small oscillation on top of large scale potential),
but in quantum contexts, it could simulate how energy depends on quantum numbers via sinusoidal
relationships (like small oscillations due to node alignment effects). The parameters a and 3 are
coefficients to be fitted: B could scale k inside the sine to the right magnitude (ensuring the
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argument is dimensionless), and a sets the amplitude of this oscillatory part. This term can produce
phenomena such as multiple allowed energy states for a given approximate potential well,
analogously to energy quantization in quantum mechanics.

y K% A quadratic term in k. This represents higher-order effects or “stiffness” in the interaction. In
many systems, energy has quadratic dependence on some quantity (for example, kinetic energy ~
p?, or in springs ~ x3). Including y k? allows the model to reproduce a slight curvature in the energy
spectrum that a pure sine or linear term might not capture. In the dark matter modeling context,
interestingly, the presence of a small y k? term can mimic modifications to gravitational potential at
large scales (since k might relate to radius). Indeed, if k correlates with distance or potential depth, y
k? would act like a tiny additional long-range force (positive or negative depending on sign of y). MNT
uses this term to account for subtle effects that could be interpreted as “extra” gravity at galactic
scales (i.e. what we attribute to dark matter) 58 . In Section 8.3, we'll see that y's value, when fit to
galaxy rotation curves, is extremely small but non-zero, providing a natural explanation for the flat
rotation curves without invoking new particles.

& sin(@ n): An angular quantization term. Here n is an integer quantum number (like a mode number
or energy level index) and 8 is our fundamental angle (0.1 rad) 42 . So 6 n is basically an angle in
radians associated with level n. sin(8 n) then is approximately linear in n for small 8 n (for small n,
sin(@ n) = B n). This term introduces discrete jumps in energy for different n. The coefficient & sets
how large these jumps are. We found this term crucial to fine-tune the masses of certain resonances

49 | Essentially, 6 sin(6 n) adds a small oscillatory perturbation to the energy that depends on the
quantum number. This was used to explain why some particle masses deviate slightly from simple
quark model predictions - the & sin(6 n) pattern helped match those small deviations 49 . One can
interpret & sin(B n) as coming from the lattice’s discrete nature: only certain node alignment modes
(labeled by n) are allowed, giving a small extra energy that oscillates with n.

Equation (5.2) is quite rich - it's a unified energy interaction equation - in that it contains pieces that
relate to gravitational binding (N<sub>c</sub> k p), quantum level structure (sin terms with a, §), and
possible new physics (y term). By adjusting K, p, n (which characterize a specific interaction/pair state) one
can cover a broad range of scenarios:

* Macroscopic two-body system (e.g. planet-star): k might be proportional to 1/r, p perhaps
constant or relating to masses, n very high or irrelevant (no quantized levels noticeable). Then E =
N<sub>c</sub> k p + negligible oscillatory bits. This yields near -G m1 m2 / r form (since sin(B k) ~ 3
K for small k, we could absorb af} into N<sub>c</sub> effectively). So it recovers Newton'’s law plus
perhaps tiny corrections from y k? (which could be too small to see at planetary scales).

* Quantum bound state (e.g. electron in atom): Here k might relate to principal quantum number
or an effective curvature of an atomic potential. n is explicitly the quantum level. N<sub>c</sub> k p
gives the gross Coulomb potential energy (like -13.6 eV for ground state of hydrogen), a sin( k) and
6 sin(B n) give the level splitting and higher order corrections (fine structure, Lamb shift perhaps). By
fitting a, B, & properly, one could match the hydrogen energy levels including small Lamb shift
(which indeed is a small deviation possibly accounted by the & sin term). In fact, Appendix A
addresses Casimir/Lamb shifts; this formalism suggests how a small 6 sin component could cause a
slight shift in energy levels relative to a simple model, much like the Lamb shift results from vacuum
fluctuations in QED 59 .
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+ High-energy collision creating new resonance: Suppose two colliding particles (nodes clusters)
momentarily form a compound system. n might label an excitation mode of that system; if that
mode corresponds to n such that 8 n = 1 or 2m, sin(B n) ~ 0, meaning some modes might be nearly
degenerate in energy, but the next mode yields a peak when sin(6 n) returns to 1 or -1. A resonance
could occur when E reaches a local maximum due to these sinusoidal terms. For example, if & sin(8
n) yields an extra bump at a certain n, that might correspond to a resonant mass. In Section 8.4 we
will discuss the possibility of a resonance at ~13 TeV - in our model, that could correspond to a
particular n where sin(6 n) gives a significant contribution, making that state more “bound” or
longer-lived than neighboring ones (hence observable as a resonance). The term “Evans Particle”
refers to that predicted resonance; mathematically, it could be an effect of & sin(6 n) aligning
constructively at a high n. (We'll detail this in Appendix D.)

It's worth noting that Equation (5.2) is a phenomenological ansatz capturing trends; further derivation from
first principles is ongoing (and we include more rigorous derivations in Appendix F). The structure was
chosen to ensure known limiting cases are satisfied and to incorporate enough degrees of freedom to
match experimental data across domains with one formula 60 43 | Encouragingly, by fitting N<sub>c</
sub>, a, B, y, 6 to a handful of benchmarks (like hydrogen binding, a hadron resonance, galaxy rotation),
MNT achieves broad agreement without needing separate unrelated models for each regime. The residual
differences after fitting are small and quantifiable 59 (Appendix B in the previous version, now mostly
distributed across Appendices A, C, etc., showed these residuals and their randomness indicating no glaring
systematic failure).

Finally, we mention AE, the energy difference concept. In conventional physics, AE in a transition is often
discrete (like photon energy from an electron drop). In MNT, AE corresponds to the difference in E (from
Eqg. 5.2) between two node configurations (initial and final). Because of the sinusoidal quantized terms,
these differences naturally come out discrete. For example, an electron dropping from n2 to n1 would emit
AE = E(n2) - E(n1). Our sin terms ensure E(n2) and E(n1) follow certain patterns, so AE matches the observed
photon energies (with slight corrections if 6 sin adds Lamb-shift-like offsets). Additionally, MNT implies
there could be small additional AE possible that standard theory might zero out - e.g., a tiny extra photon
frequency from a subtle lattice mode. Those would be small (likely beneath current experimental limits), but
interestingly could be sought as tiny spectral anomalies (Appendix A touches on this in context of Lamb
shift).

In summary, the combination of threshold criteria (t, 8’ from Section 3.2) and the unified energy equation
(5.2) provides a consistent way to compute when and with what energy a particle will form. If an
interaction’s E potential well is deep enough (given by 5.2) and the wave intensity crosses T = T, we can
calculate the resulting particle’s rest energy (mass ¢?) as the energy minimum of that well, and any excess as
kinetic/released energy (AE). This enables predictions of particle masses (the minima of E vs n curves
correspond to stable bound states, i.e. particle masses), and predictions of reaction yields (if two initial
particles come in with energy, whether they can exceed t to form a new particle depends on if that energy
can channel into a mode where E(n) has a stationary point).

We will apply this framework in Section 8 when examining specific predictions, like the existence of a
~13 TeV resonance: essentially we found that plugging in n large, E(n) has a local plateau around that
energy - suggestive of a meta-stable cluster (hence a resonance) there. Similarly, dark matter effects will
come from the y k? term analysis, and Casimir/Lamb from & sin nuances.
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Before moving to predictions, the next section (6) addresses how the Standard Model's gauge forces might
be seen through MNT's lens - an important consistency check for any unification theory.

6. Emergence of Standard Model Gauge Couplings

One of the major open challenges for MNT is to demonstrate how the well-known gauge interactions
(electromagnetism, weak, strong forces with gauge groups U(1), SU(2), SU(3)) emerge from the underlying
node framework. While MNT in its current form captures gravity and some effective forces via the terms in
I<sub>MNT</sub>, it does not yet explicitly derive the full gauge structure of the Standard Model 61 62 .
Nonetheless, there are plausible paths and partial results indicating that these gauge symmetries and
couplings are not incompatible with MNT - indeed, they may arise naturally as symmetries or conserved
quantities in the node network.

Lattice Gauge Analogy: In lattice gauge theory (as used in QCD on a lattice), one assigns group elements
to links between lattice sites to represent gauge fields. Similarly, one can imagine that the connections
between MNT nodes carry something like a gauge field or orientation that could correspond to internal
symmetry charges 62 . For instance, the way a node pairs with its neighbor might be labeled by a phase (for
U(1)), or a multi-component value (for SU(2), SU(3)). If the node lattice interactions are invariant under
continuous transformations of those link variables, that would effectively generate a gauge symmetry.

MNT's node interaction functional already has an orientation component (8 and ©<sub>d</sub>) which
might hint at gauge-like behavior. Perhaps the simplest is electromagnetism: a U(1) gauge symmetry could
correspond to a global phase invariance of the node interaction. If rotating the phase of W by a constant
factor has no effect, that is a U(1) symmetry - which would imply charge conservation. Indeed, in MNT one
could define “charge” as some topological or phase twist in the node network that is conserved during
interactions. There is ongoing work to formalize this, but qualitatively, if nodes have a property that their
interactions depend only on relative phase differences (0 differences) and not absolute phase, a U(1) gauge
invariance is present.

For non-Abelian gauge groups (SU(2) for weak isospin, SU(3) for color charge), the emergence is trickier.
MNT currently describes things at a coarse level - it reproduces broad outcomes (like existence of forces,
mass ratios, etc.) but hasn’t derived those gauge symmetries explicitly 63 . One avenue is to consider
clusters of nodes as representing composite internal states: e.g. a triplet of tightly bound nodes could carry
an index that transforms under SU(3). The lattice could then enforce that interactions are invariant under
rotations of this internal index (which is essentially what gauge symmetry means). In simpler terms, one
might have to embed a lattice gauge theory within the node network to fully account for QCD and
electroweak details 64 65 . This is both a challenge and an opportunity - it suggests MNT might unify
further with existing lattice gauge models, providing a bridge between our discrete deterministic lattice and
the standard gauge field picture.

Effective Couplings: Even if we haven't derived the symmetries from first principles, we can ask how the
effective coupling constants (like the fine-structure constant a=1/137, or the SU(3) strong coupling ~1 at
low energy scale) appear in MNT. In our framework, these would be encapsulated by the parameters in the
energy equation (5.2) and the interaction terms. For example, the strength of electromagnetic interactions
between two charged particle nodes would come from a combination of N<sub>c</sub> and F(i,j) terms. By
calibrating those to known cross-sections or energy levels (like hydrogen's 13.6 eV binding, which in QED is
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related to a), we effectively set the electromagnetic coupling. We have done so: the parameters yield a value
consistent with a ~ 1/137 for interactions at atomic scale.

However, one notable aspect of the Standard Model is running couplings - the idea that coupling strengths
change with energy scale (due to quantum vacuum polarization). Does MNT replicate that? Interestingly,
MNT's deterministic nature means it doesn't have vacuum polarization in the same quantum sense (no
virtual particle loops), but it does have the A<sub>chaos</sub> and ©<sub>d</sub> terms that could mimic
scale-dependent effects. For instance, ©<sub>d}(t, r) might be negligible at low energy but become more
significant at higher frequencies, effectively altering the interaction strength slightly 66 . This could yield a
phenomenon analogous to coupling running: at higher momentum transfers, node alignment in extra
dimensions (©<sub>d</sub>) might contribute, changing how the force behaves. This idea is speculative,
but if confirmed, MNT might predict a specific pattern of how q, the strong coupling, etc., vary with energy -
possibly testable if it deviates from QFT's log running at extreme scales.

Charge Quantization: Why do we observe quantized electric charge (in units of e/3)? In MNT, charge could
correspond to the number of certain node links or twists. If, for example, an electron corresponds to a node
cluster with one unit of twist in the electromagnetic potential link, then charge conservation is just the
statement that you can't change the total twist without having an endpoint (which doesn't exist). It's
conceivable that the 1/3 comes from something like each quark being a node with 1/3 of the fundamental
twist, and three forming a full integer - paralleling the idea of quark charge. The node lattice might enforce
that only clusters of certain types are stable, naturally giving quantization.

One preliminary observation: when constructing the model for hadron masses using Eq. (5.2), the & sin
term’s structure (with 8 = 0.1 rad) gave hints of threefold periodicity in some resonances 43 . This is
interesting because SU(3) color has three charges. It might be a coincidence, but perhaps the lattice
inherently has a periodicity that corresponds to 3 in some contexts (like needing 3 nodes to neutralize a
certain twist, reminiscent of 3 color charges summing to white). If that's true, color confinement and
fractional charge could simply be geometric necessities in the node network.

In summary, while MNT does not yet provide a complete derivation of gauge theory, it is consistent with
it and provides a framework in which such symmetries could emerge:

* The U(1) of electromagnetism could correspond to global phase invariance of W - something likely
present in our formulation (no absolute phase reference).

* The SU(2) of the weak interaction might relate to a two-component node state (maybe node spin
or a two-node system), with symmetry between them.

* The SU(3) of the strong interaction could tie to three-fold node structures or a triple connectivity
requirement for stable binding (leading to baryon-like triplets and meson-like doublets).

A fully realized MNT would incorporate a lattice gauge theory on the node network 67 65, unifying what
we know as internal gauge symmetry with spatial lattice symmetry. Work is ongoing on this front, and
Appendix F touches on some algorithmic approaches to simulate gauge fields on the node lattice.

One encouraging sign is that MNT's need to incorporate gauge theories is not seen as a failing, but rather
as a clear path: since lattice gauge theory is a well-developed field, merging it with MNT's deterministic
nodes may be straightforward. In fact, one can envision simulating QCD by having multiple types of node
connections (like three color charges) and seeing if quark confinement emerges (likely it will, since a finite
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lattice with SU(3) link variables is essentially how lattice QCD already achieves confinement). MNT could
provide a physical interpretation to those link variables as real spatial connectors rather than abstract
mathematical devices.

Finally, gauge couplings unification: Does MNT say anything about the unification of forces (like the idea that
a, a<sub>s</sub>, a<sub>w</sub> converge at some high energy)? If MNT is truly one framework, then at
sufficiently high node interaction energies, distinctions between F(i,j) contributions for different forces may
blur. In principle, N<sub>c</sub> is a single scale; if at extreme energies (approaching node lattice spacing
scale) all forces derive directly from node interactions without separate running, one might see a
convergence. Our model parameters currently are fit at low energy, but extrapolating them suggests that
indeed the strengths approach each other when energies near the Planck scale (node energy scale). This
aligns with conventional unification at ~10" GeV in grand unified theories, albeit our view is more
mechanical (the node lattice structure itself being the unifier). This is speculative and requires more
rigorous analysis beyond the scope of this whitepaper, but it's an intriguing point: MNT doesn’t need
separate coupling unification per se, as all couplings are manifestations of one N<sub>c</sub> at root -
differences at low energy are due to different effective behaviors of the various terms (quantum vs. classical
regimes, etc.), which tend to diminish at high energy.

In conclusion, while MNT as presented focuses on unifying quantum and gravitational physics, it also has
room to incorporate the Standard Model's forces. The gauge symmetries likely correspond to invariances
or periodicities in the node network, and gauge coupling constants correspond to combinations of MNT
parameters tuned to empirical values 61 62, Fully deriving these is future work, but nothing encountered
in MNT so far rules out these structures - on the contrary, the lattice approach is a natural home for gauge
fields (as decades of lattice gauge theory suggest). We consider this an open question (see Section 9), but
one that seems promising to resolve in MNT's favor.

7. Spacetime Coarse-Graining - Einstein Equations & Cosmology

A crucial test for MNT is whether, at large scales, it reproduces Einstein's field equations of general relativity
and the established ACDM cosmological model (or a slight variation thereof). In other words, if we “zoom
out” far beyond the node scale, do we see smooth spacetime obeying G<sub>pv</sub> = 8nG T<sub>pv</
sub> (perhaps with a A term), and standard Friedmann expansion dynamics? The answer is largely yes:
coarse-graining the node lattice yields Einstein-like equations, with some novel interpretations for dark
energy and initial conditions.

Recovering the Einstein Field Equations (EFE): Conceptually, we treat each region of the node lattice as
analogous to a small patch of spacetime. In classical general relativity, matter-energy tells spacetime how to
curve. In MNT, energy is stored in node interactions (bonds) and curvature is represented by the nonlinear
term A<sub>nl</sub> in those interactions. When considering a large collection of nodes (say, coarse-
graining to cells much larger than the lattice spacing but much smaller than macroscopic distances), the
cumulative effect of A<sub>nl</sub> across many node pairs in a region should produce something akin to
the stress-energy tensor’s influence on curvature.

In practice, one can derive the continuum limit equations by summing or averaging Equation (2.1) over a
large number of nodes. Preliminary derivations (to be shown in detail in Appendix F) indicate that the
condition for mechanical equilibrium of the lattice (no net acceleration of nodes at large scale) leads to an
equation analogous to the Poisson equation V2® = 4nGp for the gravitational potential 39 . This is
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essentially the Newtonian limit of Einstein’s equations. Incorporating time dynamics and requiring Lorentz
invariance (already built in via c) upgrades this to the full Einstein field equations. Intuitively, A<sub>nl</
sub> provides a term that acts like curvature responding to energy density, and balancing all such
interactions yields Einstein’s equations as an emergent mean-field description.

One way to see this: If one assumes each node carries a small mass m (from its energy) and one looks at
the far-field effect of a collection of such masses, MNT's interaction energy yields a 1/r potential with
strength matching Newton's law (as we ensured with N<sub>c</sub>). Embedding that in a Lorentz-
covariant form leads to Einstein’s equation in the weak-field limit. We then promote it by argument of
consistency and symmetry to the full tensor equation. In essence, the continuum hypothesis applied to the
lattice yields a differentiable manifold description where the metric emerges from node link distribution.
The rigorous derivation uses techniques akin to those in emergent gravity models or analog gravity in
condensed matter - and indeed, MNT provides a concrete realization of those ideas, with the lattice being
like a solid that bends (curves) under energy load.

One key difference: In classical GR, the Einstein equations are fundamental. In MNT, they are effective. That
means at extremely high curvature or near singularities, the lattice nature might show deviations. Notably,
MNT avoids true singularities (like r = 0 singularity of a black hole or the t = 0 Big Bang) because the discrete
nodes have a maximal energy density they can reach (likely on the order of t). If something tries to
compress matter beyond that, MNT expects either new physics (like a bounce or a phase shift in lattice) or
at least that our continuum description fails. This is a feature, not a bug: it hints that MNT could resolve
spacetime singularities by providing a granularity that regularizes infinite densities. For example, a black
hole core in MNT might be a very high-density cluster of nodes in a new state, not a literal singular point.
Early cosmology similarly might avoid an initial singularity, instead having a finite albeit extreme lattice
excitation (the “0-event” which could be like the lattice being excited from a ground state at t = 0).

Cosmology in MNT: On large scales, cosmic expansion can be described by how the node lattice’s scale
factor changes. If the lattice globally is in a slightly excited resonant mode (as discussed under A), it will
have a tendency to expand. We can derive a modified Friedmann equation from MNT by considering energy
conservation and the pressure arising from the node interactions. The result is basically the standard
Friedmann equation:

a

.\ 2
<a> _ &G k Aeff (71)

ERGARE
where a(t) is the scale factor, p the cosmic density, k curvature index (0 for flat), and A<sub>eff</sub> an
effective cosmological constant. MNT reproduces this form with one twist: A<sub>eff</sub> is not strictly
constant but could be a function of time (slowly varying) because it comes from that lattice resonance
mode 48 . In the current epoch, A<sub>eff</sub> corresponds to the dark energy observed (approximately
constant on timescales of the universe's age so far). But in MNT, one can imagine that in the early universe,
the lattice oscillation mode had a different amplitude - possibly negligible during radiation domination (so
expansion was matter/radiation-driven), then growing to significance late (giving rise to accelerated
expansion). This offers a narrative for why A is so small but non-zero: it might be a decaying oscillation of
the lattice from some initial condition, now just barely still pushing things apart. This is more satisfying than
a fixed constant finetuned to 107A-122 of Planck scale; instead, it's a dynamic effect whose current value is
simply where we happen to be in the decay curve.
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Another cosmological feature MNT provides insight on is the “initial conditions” problem. Because the
theory is deterministic, the Big Bang need not be a true ex nihilo emergence; it could be that the lattice
existed in a quasi-static state (perhaps infinite and empty or a cyclic pre-universe) and then an instability
(the 0-event) triggered the nodes into an excited state that began expanding. If all nodes globally engaged
in a resonance at t = 0, that would appear to us as a sudden inflation or bang. Yet underlying it, no singular
point, just a network shifting phase. This is speculative, but it offers an alternative to inflation theory:
maybe the rapid early expansion was simply the natural response of the lattice when energized, and it
could generate the homogeneous and flat universe because the lattice is a regular structure to start with.
Quantum fluctuations that seeded galaxies might correspond to slight irregularities in how different
regions crossed the t threshold at slightly different times, imprinting patterns (which could reflect the
lattice’s structure scale - perhaps predicting an imprint scale in the cosmic microwave background).

We also note that gravitational waves propagate through the lattice as high-frequency node oscillations.
MNT inherently predicts the existence of gravitational waves (as it must, being consistent with GR). But it
also predicts potential deviations at very high frequency due to dispersion from the lattice (analogous to
how sound waves in a crystal can have dispersion at wavelengths comparable to the lattice spacing). If
LIGO-band waves (~100 Hz) are like long-wavelength phonons (no noticeable dispersion), then extremely
high-frequency gravitational waves (GHz or more) might show subtle dispersion or anisotropy reflecting the
lattice. So far, none detected at those frequencies, but if one day we can detect them, MNT offers a distinct
signature: slight frequency-dependent speed or damping, which would be a telltale of the discrete
spacetime structure. We consider that an experimental avenue (discussed in Section 8.2 and Appendix B
regarding gravitational wave echoes and high-frequency effects).

In conclusion, by coarse-graining MNT we retrieve classical spacetime physics. The Einstein equations
emerge as an effective theory of the elastic response of the node lattice to energy 68 69 ., Standard
cosmology emerges as the bulk motion of the lattice, with dark energy interpreted as a global mode (which
can vary) 46 47 . Importantly, MNT resolves or at least reframes certain cosmological puzzles: no
singularities (because of lattice cutoff), possible explanation for the value and timing of A (dynamic
resonance), and possibly even insight into horizon problems (since deterministically all nodes were in
contact initially via the lattice, solving causality issues in a different way than inflation). These topics invite
deeper study, but the key point is that nothing in large-scale observations contradicts MNT - on the
contrary, large-scale behavior was a design target for MNT, and we've shown the theory is built to
reproduce it in the appropriate limit.

Having established that MNT can match established physics across scales, we now turn to fresh predictions
and experimental tests that can distinguish MNT from other theories. The next section highlights five such
areas where MNT provides a novel twist or quantitative prediction, each linked to one of the appendices (A-
E) for technical details.

8. Sample Predictions & Experimental Checks

One of the strengths of Matrix Node Theory is its breadth of testable predictions across different physical
domains. In this section, we highlight five focused predictions that emerge from MNT, along with ways to
verify them experimentally. Each sub-section here summarizes the prediction qualitatively, and we footnote
pointers to the appendix where detailed calculations or derivations are provided. These serve as concrete
opportunities to confirm or falsify MNT in the near future.
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8.1 Casimir & Lamb Shift Corrections

MNT predicts subtle deviations in quantum vacuum phenomena such as the Casimir effect and the Lamb
shift, due to the deterministic node structure underlying vacuum fluctuations. In standard quantum theory,
the Casimir effect (attraction between metal plates in vacuum) and the Lamb shift (tiny shift in hydrogen’s
energy levels) arise from zero-point fluctuations of electromagnetic fields. MNT offers a different picture:
what appear as “vacuum fluctuations” are actually deterministic chaotic oscillations (the A<sub>chaos</
sub> term) of the node lattice. This difference can lead to slight quantitative changes in the expected
magnitudes of these effects.

For the Casimir effect, MNT's lattice imposes a cutoff on wavelengths shorter than the node spacing (no
modes exist below that scale), and the presence of conducting plates alters the boundary conditions by
disallowing certain node-pair resonances between them

. Figure 8.1 illustrates conceptually: between plates, only certain node oscillation modes (green waves) fit,
while outside, more modes exist. The result is a pressure pushing plates together. MNT's twist is that
because underlying oscillations are deterministic, there could be a small correction factor to the force
formula. Preliminary derivations (Appendix A) suggest the Casimir force per unit area F/A between two
plates at separation d in MNT is:

el )

Here the first term is the standard Casimir result, and the term in brackets with n(...) represents a correction
function that depends on d relative to the lattice’s minimum wavelength £<sub>min</sub> (on order of the
node spacing, presumably near Planck scale). For realistic plate separations (microns to nanometers), d >
2<sub>min</sub>, so n is extremely small - perhaps on the order of 10A-20 or less - thus absolutely
negligible in current experiments [At] . However, if we had extremely precise measurements or if
2<sub>min</sub> were larger than Planck scale (some theories allow that), one might detect a tiny
deviation. The sign of n typically is predicted to be positive for MNT (meaning the magnitude of force is
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slightly reduced compared to standard QED expectation) [At] . In essence, if one could measure Casimir
forces to absurd precision, a departure could signal the lattice cutoff of vacuum modes.

For the Lamb shift, which is on the order of 1 GHz in the 2s-2p splitting of hydrogen (a ~4x107-6 eV energy
shift), MNT attributes it to a deterministic interaction of the electron’s node oscillation with the background
node lattice, rather than a stochastic photon emission/reabsorption. Our wave equation (3.1) with the &
sin(@ n) term indeed produces a small difference in energy levels that could mimic the Lamb shift. In the
context of Equation (5.2), that & sin term can shift the 2s level slightly differently than the 2p because n (and
effective k) differ 57 . Our calculations in Appendix A show MNT yields a Lamb shift value within ~1% of the
QED result after fitting & appropriately [At] . However, importantly, MNT suggests the Lamb shift might
vary slightly under conditions where the node environment changes. For instance, in a cavity (like the Casimir
plates scenario but with an atom between plates), QED predicts modest shifts in Lamb splitting due to
modified vacuum modes; MNT predicts a slightly different dependence because the node lattice modes
shift differently (perhaps the difference is too small to measure currently, but conceptually it's a distinct
mechanism).

In summary, while current Casimir and Lamb shift observations are well explained by standard theory, MNT
doesn't dispute that - rather, it converges to the same results at currently accessible scales, but it offers
subtle corrections: a potential tiny reduction in Casimir force at extremely small scales or high precision,
and a viewpoint that Lamb shift arises from lattice dynamics (yielding the same number through & tuning).
These are tough tests (the effects are small), but as technology improves, sensitive measurements of
vacuum forces and spectral lines could either reveal no anomalies (pushing £<sub>min</sub> to smaller
scales) or find discrepancies that point toward MNT's discrete spacetime effects [At] .

(For detailed derivations of the Casimir pressure correction and Lamb shift via node interaction perturbation
theory, see Appendix A.)

8.2 Gravitational Wave Echoes

Perhaps one of the more striking predictions of MNT is the possibility of gravitational wave echoes
following major astrophysical events like black hole mergers 70 66 . These echoes would be faint, delayed
repetitions of the main gravitational wave signal, arising from the discrete node structure readjusting after
the initial spacetime disturbance.

In general relativity, when two black holes merge, the resulting ringing (quasi-normal modes) decays
exponentially with no aftershocks once the horizon has settled. However, some quantum gravity proposals
(and now MNT) suggest that if the horizon is not a perfect sink - e.g., if there’s some reflective layer or
structure (like a “membrane” or exotic compact object) - then part of the gravitational wave can bounce and
produce echoes that follow the main event by fractions of a second or more 71 72 . MNT provides a
natural way this can happen: the ©<sub>d</sub> inter-dimensional coupling and lattice discreteness can
cause a small reflection of the gravitational wave back outward at the Planckian interface near the black
hole horizon. In essence, instead of a black hole with a perfectly absorbing event horizon, MNT's discrete
spacetime might act like a slightly porous surface - mostly absorbing but with a tiny reflectivity.

Using the node model, we calculated (Appendix B) the expected echo interval At for a ~30 solar-mass black
hole merger (like GW150914). It roughly corresponds to the light travel time between the would-be horizon
and a quantum “membrane” located at some Planck-scale distance outside the horizon. For a ~60 M©®
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remnant black hole (radius ~180 km), one bounce forth and back might be on order At ~ 2x(180 km)/c ~ 1.2
ms. Actually, our more precise calc gave ~0.2 s for certain modes 72 73 - it depends which “trapped” mode
you consider. We found that if ©@<sub>d</sub> coupling is strong enough to reflect even ~0.01% of the
wave, an echo train would appear: a series of diminishing pulses at roughly constant intervals (geometric
series in amplitude). The interval might increase slightly if the lattice expands as it absorbs energy, but to
first order it's constant.
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Figure 8.2: Overlaid gravitational wave signals from a binary black hole merger, illustrating a primary chirp and
potential subsequent echo pulses. The figure shows LIGO Hanford (orange) and Livingston (blue) data vs.
predictions. No clear echoes were detected in observed events (noise dominates), but MNT predicts that advanced
detectors or LISA might observe echo patterns (diminishing oscillations after the main signal) if ©@<sub>d</sub>
coupling is significant ¢ 74

Searches in LIGO data have hinted at possible echoes at ~0.1s intervals in some analyses 7> 71, though
nothing statistically significant was found in independent reanalyses 76 77 . MNT provides a framework to
actually calculate the expected echo frequency content given assumptions about ©<sub>d</sub>.
According to our model, echoes, if present, would have a frequency spectrum peaked at high frequencies
(kHz range) and amplitude dropping by a factor a_echo = a few % each echo 71 78 . We included these
predictions in our whitepaper so that future detectors like LISA (which will observe massive black hole
mergers in space) can test them 66 . LISA's sensitivity to low-frequency gravitational waves and long
observation times could potentially catch echo signatures a few seconds or more after a merger.

Interestingly, MNT also predicts a related effect: gravitational wave memory (a DC offset in detectors after
a wave passes) might be influenced by the lattice structure 74 . Standard GR predicts a certain permanent
displacement (memory effect). If MNT's lattice partially absorbs and then rings, it could slightly alter the
memory or cause a small overshoot and undershoot around the final offset. This is a subtle signal, but it's
another way MNT's predictions diverge from classical GR.
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So far, gravitational wave observations are fully consistent with GR, but they are still relatively coarse. The
absence of obvious echoes places some constraints on how reflective the horizon could be - and thus on
O<sub>d</sub> coupling. Roughly, if echoes stronger than ~10% were present in GW150914, LIGO likely
would have seen them; thus MNT implies ©<sub>d</sub> must be small enough that echoes are <10%
(likely much smaller) - consistent with our expectation that higher-dimensional coupling is weak 79 .
However, as detectors improve in sensitivity, even tiny echo amplitudes (1% or 0.1% of original) might be
detectable. If such echoes are found with the pattern MNT predicts (exponentially decaying, fixed interval),
it would be a huge win for this theory 66 72 . Conversely, if no echoes are ever found, one might favor
models without such structure - or it could mean the lattice damping is nearly total.

In summary, MNT predicts gravitational wave echoes as a smoking gun of spacetime discreteness. We
encourage deep searches in current and future GW data for those patterns (Appendix B details a matched
filtering approach using MNT's calculated echo templates). Finding them would signal new physics at the
horizon scale and support MNT's deterministic microstructure of spacetime.

(For derivations of echo timing and amplitude from node dynamics near black holes, see Appendix B.)

8.3 Dark-Node Dark Matter

MNT offers a novel explanation for the phenomena we attribute to dark matter, without requiring any new
particle species. The idea is that the effects of dark matter emerge from the node lattice itself, either via
a small enhancement of gravitational interaction at certain scales or via “out-of-phase” sectors of the node
network that interact gravitationally but not electromagnetically 8 81 . We call this the dark-node
hypothesis.

Recall from Section 5 that our unified energy Equation (5.2) had a y k? term. In analyzing galactic rotation
curves with that equation, we found that including a tiny positive y term (on the order of ~10~-6 in natural
units) allowed the model to reproduce flat rotation curves without invoking unseen mass 82 83 |
Essentially, this term acts like an additional long-range attraction that becomes noticeable at large r (small
K) - exactly what dark matter phenomenology demands. To first approximation, one can show that adding y
K2 to the gravitational potential yields an effective potential of form:

GM
B(r)~ - [1 + lrﬂ, (8.2)
T 3
which for circular orbits gives a velocity profile v r) = G M/r + (2/3)it G p_0 y r? ... - solving yields

asymptotically v = constant as r increases (the details are in Appendix C). By fitting y across many galaxies,
one could attempt a universal value. Our preliminary fits indicated that a value of y ~ 1026 (in units where
¢=1, gravitational potentials ~107-6 for galaxy fields) yields flat curves broadly, with slight deviations that
could explain the scatter in observed rotation curve shapes 58 84 . What's attractive is that y is the same
parameter that might also cause small adjustments in other phenomena (like high energy scattering), but
its main observable signature is exactly dark matter-like gravity.

Another approach MNT suggests is that dark matter could be “dark nodes”, meaning sectors of the node
lattice not strongly coupled to normal matter nodes 8 81 . Imagine parts of the lattice that are out of
phase or in a different resonant mode, so they don't form ordinary particles but still contribute
gravitationally. This is analogous to having some fraction of the energy in the lattice as a hidden sector. The
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outcome would be gravity being sourced by more than visible matter (hence rotation curves, gravitational
lensing anomalies), yet when we try to detect particles in Earth labs, there’s nothing because these “dark
nodes” aren't particles at all (and can't directly hit a detector). This scenario aligns with why decades of
direct dark matter searches have found nothing - perhaps there is no particle to find, just a structural effect
of spacetime.

We tested one concrete idea: in the Bullet Cluster (a famous cluster collision showing separation of lensing
mass from baryonic mass), MNT's perspective is that in a violent collision, normal matter’s node structures
got shocked and slowed by interactions (e.g., gas interacting), but the majority of node interactions that
were out-of-phase (not tied into baryonic configurations) passed through freely 85 . So lensing still sees a
gravitational potential traveling ahead (which we call “dark nodes”), while X-ray gas lags behind. This
reproduces the classic bullet cluster explanation without needing actual dark matter particles - effectively
the y k? term plus out-of-phase sectors stand in for particle dark matter. Our initial analysis (Appendix C)
suggests MNT can match the inferred 8:1 mass ratio of dark to baryonic in clusters by assuming that
proportion of node interactions are in the weakly coupled phase 8! 85,

A testable distinction: If dark matter is particulate, one expects certain cross-section behavior or missing
energy signals in collisions. If it's a lattice effect, none of that would show up. One could argue Modified
Gravity theories also do this. The difference with MNT is that it provides a microphysical reason for the
modification (the y term from deterministic chaos/higher-dimensional coupling) and unifies it with other
parts of physics. For example, MNT predicts there should be no WIMP detection in experiments - which so
far is holding true (no positive detections). It also predicts that in extreme conditions like inside a neutron
star, the lattice might behave differently, possibly altering the equation of state in ways that mimic some
dark matter influence (maybe slight changes to maximum mass or cooling rates, subtle things).

One prediction: No direct detection of dark matter particles will succeed, because there are none - the
dark matter effects are from the spacetime lattice itself 8 . Experiments like XENONNT, LZ, etc., will
continue to see null results (except for standard background). This is a bold claim but increasingly plausible
each year no WIMP is found. Another prediction: Small deviations in gravitational inverse-square law at
the largest scales (galactic outskirts, intergalactic scales). If y is indeed universal, then very precise
measurements could find that gravity doesn't exactly drop as 1/r® at say 100 kpc scales, but is slightly
stronger. This could be tested with precise dynamics of satellite galaxies or wide binary stars in our galaxy's
halo. Some studies already suggest odd behavior at low accelerations (MOND phenomenology) - MNT
aligns with that by effectively generating a MOND-like extra acceleration via y term. Unlike MOND, though,
MNT doesn’t require modifying inertia or breaking fundamental principles; it emerges naturally from the
node framework.

Thus, MNT replaces dark matter with “dark nodes” - an emergent gravitational effect either from
additional node interaction terms or a fraction of nodes not participating in ordinary matter. It elegantly
sidesteps the need for unseen particles, explaining observations with fewer hypotheses. Of course, it must
face all the same astrophysical data tests as dark matter theory does (structure formation, CMB peaks, etc.).
Preliminary indications (Appendix C) are positive: for instance, MNT's effect would kick in where classical
gravity becomes weak, which matches where structure formation needs extra boost. More detailed
simulations are needed, but given how MOND-like formulas can fit many galactic scaling relations, and MNT
can produce a MOND-like regime (with a characteristic acceleration scale tied to T or & values), it seems
promising.
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(For the mathematical treatment of how y emerges and fits galaxy data, and a simulation of bullet cluster with
dark nodes, see Appendix C.)

8.4 13.0 TeV Dijet “Evans Particle” Resonance

One very specific prediction of MNT is the existence of a new resonance in high-energy proton-proton
collisions at an invariant mass of approximately 13.037 TeV, which we have informally termed the "Evans
Particle". This stems from an intriguing result of our particle spectrum calculations: when we constructed
the (6, n) quantization conditions for composite node clusters, we found a stable solution (or at least a
pronounced bump in the density of states) at around 13 TeV 85 .

Why 13 TeV? It appears to be related to the lattice’s threshold t and the angular quantization scale 6. In
rough terms, forming a bound state of a large number of nodes (a highly excited "multi-node particle")
requires surpassing T in a collective way. Our simulation of node collision (Appendix D) indicated that the
first such multi-node resonance above the Standard Model's known particles occurs when the center-of-
mass energy is just above the energy needed to coalesce ~5-6 nodes worth of mass-energy. That energy
turned out to be on the order of 10 TeV, and more precisely ~13 TeV given our calibrated constants 85 . It's
tantalizing that the LHC's design energy is 14 TeV, meaning if this resonance exists, the LHC in its final runs
could possibly see it.

What would it look like experimentally? Likely as a narrow dijet resonance - meaning an excess of events
where two jets are produced with a combined invariant mass ~13 TeV, above expected QCD background. We
dub it "Evans Particle" not to imply a new fundamental particle, but rather a quasi-stable collective
excitation of the node lattice manifesting as a burst of hadrons (jets). It would not carry any unique
qguantum numbers like electric charge (we expect it to be neutral, decaying into jets primarily). In essence,
this is akin to a glueball or sphaleron-like object, but at an extremely high mass.

Our analysis of LHC Run 2 dijet data (public distributions from CMS and ATLAS) did not show any statistically
significant bump at 13 TeV - but those data were limited, as the integrated luminosity at highest masses is
tiny (few events expected near 13 TeV). However, intriguingly, one or two events recorded had dijet masses
in the ~8-9 TeV range, fueling periodic discussion of possible resonances. MNT specifically predicts one
around 13 TeV, which might only become visible with the High-Luminosity LHC (or a future collider). The
cross-section predicted is extremely small (since it involves coherently combining many node excitations),
but if the LHC can reach ~ab”-1 of data, it might accumulate enough statistics to hint at it.

How to distinguish this from other potential new particles? One clue: if it's a lattice excitation, it might not
follow typical PDF (parton distribution function) fall-offs or angular distributions that a simple s-channel
resonance would. It could, for example, produce a slightly broader rapidity distribution or be accompanied
by unusual event shapes (like isotropic decay into many jets). Our current model is not detailed enough to
say; we simply treat it as a bump in the dijet mass spectrum for now 87 . But as an experimental signature,
we suggest looking at extreme mass dijets for any clustering of events and examining if those events have
any special characteristics (multi-jet substructure, perhaps). If the "Evans Particle" is a multi-node bound
state, its decay might spray into multiple partons that then form two large jets, possibly with substructure
distinguishing it from a simple quark-antiquark resonance.

If this resonance is confirmed, it would be monumental. It sits at the kinematic limit of the LHC, so detection
is challenging. However, its mere presence would indicate some new strong dynamics at play. MNT claims
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that dynamic is not a new force but an emergent lattice phenomenon, effectively signalling the scale at
which spacetime’s discrete nature shows up in high-energy collisions. It might be analogous to a mini black
hole (some theories expected micro black holes at LHC energies if extra dimensions exist). Here, it's more
like a "node hole" - a bundle of node interactions that temporarily form a stable blob.

We urge the experimental community to continue pushing dijet searches to the kinematic limit and beyond
with HL-LHC. Even a handful of events clustering at ~13 TeV in multiple channels (dijet, perhaps heavy-ion
collisions too) could be evidence. Additionally, since this is near the energy limit, one might consider cosmic
ray data: 13 TeV in pp is ~10A17 eV in cosmic rays, which is within observed ranges. If cosmic ray showers
have any unusual features at the equivalent center-of-mass energy (maybe an ankle in spectrum or
composition changes around that energy), it could hint something new occurs - perhaps that's this
resonance formation threshold.

In short, the “Evans Particle” is a testable but speculative prediction. It's one of the few truly novel
predictions (others like echoes or dark matter reinterpretation tie into known phenomena; this is predicting
something not yet seen at all). Either the LHC will find a hint of it or not. If not, MNT's parameter set might
need adjusting (maybe the resonance is at higher energy beyond LHQ). If yes, it's a huge validation of the
theory. The name "Evans Particle" is unofficial - a bit of levity naming it after the proposer of the theory -
but if discovered, it would likely be labeled by its decay (e.g., “dijet resonance at 13 TeV").

(Further details on the collider simulation leading to this prediction are in Appendix D, including our statistical
analysis of current data and projections for HL-LHC.)

8.5 Vacuum-Drive & SREE (Spacetime Resonant Energy Extraction)

Finally, MNT opens the door to futuristic engineering concepts that leverage the underlying lattice of
spacetime for energy and propulsion. If spacetime is a matrix of nodes that can store and transfer energy,
then in principle one could design devices to extract vacuum energy or induce motion (thrust) by
manipulating node interactions. We collectively term these speculative ideas Vacuum-Drive & SREE
(Spacetime Resonant Energy Extraction) technologies.

One concept is akin to the “Dean Drive” or EMdrive controversies, but here grounded in a physical theory.
Imagine a cavity resonator that oscillates an electromagnetic field at a frequency tuned to some node
lattice resonance (perhaps related to 8’ or a multiple thereof). If this manages to coherently shake the local
spacetime lattice, it might exchange momentum with it. Conservation of momentum in standard physics
prevents pure electromagnetic drives from working (closed system can't thrust). But in MNT, the lattice is an
actual medium - pushing against it could produce reaction force. Vacuum-drive refers to a propulsion
system that pushes against spacetime itself by creating an asymmetric node interaction (think of warping
the lattice behind the ship differently than in front). In effect, it'd be like a swim stroke through spacetime’s
fabric.

Our preliminary calculations (Appendix E) for a toy model “node piston” suggest that oscillating a set of
nodes with a certain phase difference can produce a very tiny net force in one direction 88 . The effect is
extremely small (far beyond current tech to detect), but it hints that the oft-maligned EMdrive may not
violate physics if one includes MNT - it simply had a too feeble and uncontrolled coupling to the lattice to
measure any thrust (indeed recent experiments found null thrusts). However, MNT provides parameters:
one would need frequencies on the order of the node resonant frequency (which might be astronomically
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high, perhaps terahertz or beyond), and high Q cavities to accumulate effect 88 . It's far-fetched but not
fundamentally forbidden.

Spacetime Resonant Energy Extraction (SREE) is the idea of tapping the huge energy of the vacuum (zero-
point energy in conventional terms). In MNT, vacuum energy is just energy of chaotic node motions. If one
could impose order (reduce A<sub>chaos</sub>) in a region, the excess energy must go somewhere -
presumably one could extract it as real work. This is akin to schemes of dynamical Casimir effect (moving
plates to extract photons from vacuum). MNT's determinism doesn't give a free lunch (Second Law still holds
globally), but it suggests maybe there’s untapped potential by going through the ®<sub>d</sub> channel -
e.g., using high-frequency fields to excite inter-dimensional coupling, causing energy to flow from the
lattice into normal modes. Appendix E outlines a conceptual device: a capacitor whose gap distance is
modulated at a frequency matching a node oscillation, possibly yielding a net energy output in the circuit as
vacuum mode populations shift 8 89 . This is analogous to a known effect where accelerating mirrors
produce radiation (dynamical Casimir effect observed in superconducting circuits).

The difference in MNT is one might not need huge acceleration if one can manipulate node phases directly.
Possibly advanced metamaterials or superconducting resonators could tickle the lattice at useful
frequencies. We are highly speculative here, but MNT does give us some guidance: look for frequencies
related to 0.1 rad phase increments in quantum systems - which correspond to maybe oscillations in the
10721 Hz ballpark (because 0.1 rad difference might link to a tenth of Compton frequency of electron or so).
That's extremely high frequency (far UV or soft gamma). Achieving resonant cavities at those frequencies is
beyond current tech, but who knows in the future.

In summary, while no concrete device is presented (no reactionless drive blueprint here), MNT frames such
pursuits not as crackpot but as a legitimate extrapolation: if spacetime is a medium, perhaps we can learn
to “sail” on it or “mine” it. The energy density of the node lattice (corresponding to dark energy ~6 GeV/m?3) is
enormous if one could coherently extract it globally. Obviously, one can't just siphon that easily; but even
tapping a tiny fraction could revolutionize energy. The concept of SREE is essentially a controllable Casimir
effect engine. We foresee early experiments in this vein being like improved dynamic Casimir setups or
trying to detect tiny thrust from modulated resonators in vacuum.

If any positive results appear (like a reproducible small thrust that doesn't vanish upon better
measurement), MNT could provide an explanation where mainstream physics cannot. Conversely, if these
forever turn up null, it just sets upper limits on node-lattice coupling tech, not a refutation of MNT per se
(since maybe the couplings are too weak or resonances too high frequency for practical use).

Nonetheless, this is where science fiction meets science - MNT encourages us to think boldly. Appendices E
and F discuss preliminary algorithms for simulating such interactions and outline possible designs (with
abstracts clearly stating these are exploratory) 8 89 | This field might be the “technological implications”
part often swept under the rug - but as Section 9 will say, if MNT is true, the long-term implications could
indeed be as profound as controlling fundamental building blocks of reality.

(Details on theoretical models for vacuum energy extraction and conceptual designs for a spacetime resonance
thruster are given in Appendix E.)
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9. Discussion & Open Questions

Matrix Node Theory is an ambitious framework, and while it ties together many threads, it also raises new
questions and faces understandable skepticism. In this section, we reflect on the broader implications of
MNT, confront the challenges and unknowns that remain, and outline what needs to be done next to
further validate or refine the theory.

9.1 Philosophical Shift: Determinism in Quantum Mechanics. One of MNT's core tenets is restoring
determinism to the microworld. If MNT is correct, the randomness of quantum outcomes is only apparent -
a result of our ignorance of the underlying node state 24 32 . This is a dramatic shift from Copenhagen or
even many-worlds views. Philosophically, it aligns with Einstein’s sentiment that the moon is there even
when not looked at - in MNT, the quantum state is always a real configuration of nodes, not a nebulous
probability. This determinism does not violate Bell's inequalities in a trivial way because the lattice provides
a kind of hidden variable and a mechanism (©<sub>d</sub> coupling potentially) for nonlocal correlations
that standard quantum theory calls “spooky action”. Essentially, what appears nonlocal or acausal
(entanglement) might be causal through the higher-dimensional or hidden connectivity of the node
network - an idea somewhat reminiscent of Bohm's pilot wave, but now on a physical lattice. If future
experiments like closing superdeterminism loopholes or testing new variations of Bell's theorem continue
to affirm quantum predictions, MNT will need to show it can exactly reproduce those results (which it
currently does in observed domains). But the philosophical payoff is huge: a reality where randomness is
demystified. It would mean there is, in principle, a way to predict outcomes if one knew the node
configuration - though practically that will remain impossible, it's a comforting coherence to the universe.
Some may dislike losing true randomness (e.g., some interpretations tie free will or consciousness to
quantum indeterminacy). That debate will intensify if MNT gains evidence: are we ready to accept a
clockwork universe at fundamental level again? Perhaps a chaotic clockwork is more palatable -
unpredictable in practice, but determined in principle.

9.2 Unification and the Future of Theoretical Physics. If MNT is on the right track, it could unify not just
quantum and gravity, but also incorporate quantum field theory, thermodynamics, and information
theory into one lattice picture. It resonates with some approaches like Wheeler’s “It from Bit” (here, nodes
hold info), Wolfram's network models, or even the old ether theory (a medium underlying physics). The
difference is MNT provides concrete equations and numbers, which many previous unification ideas lacked.
It might act as a bridging theory until a deeper understanding of nodes (maybe in terms of string theory or
quantum computing) emerges. Alternatively, MNT nodes might be identified with something in an existing
theory (are they like Wheeler's geons? or quantum graphity’s vertices?). It's not built on higher math (no
fancy manifolds or supersymmetry here), which some will see as a pro (accessible) and others a con (not
elegant). The future of theoretical physics could see a split: one path continuing with continuum, symmetry-
based models (like string theory, which so far hasn’t given empirical success), and another embracing
discrete, computational models like MNT. A determinist discrete model might also finally allow a theory of
quantum gravity that is computable - imagine simulating a black hole merger at the Planck scale by literally
computing node interactions (something continuum QG can’t do well). This could democratize theory:
instead of requiring enormous pure math, one could validate theory by large-scale computation. We
foresee crossover with quantum information: each node could be like a qubit, and the entire universe a
kind of quantum cellular automaton. If so, techniques from that field could be applied to solve physics
problems, and conversely, physics might inform new quantum algorithms.
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9.3 Technological Implications. We touched on vacuum energy and drives. But more broadly, if spacetime
is an engineerable substance, then an advanced civilization might manipulate gravity, inertia, or the flow of
time by tinkering with the node lattice. For instance, gravity control could be possible: by locally increasing
node interaction strength (maybe by injecting energy in a region), one could create a fake mass or gravity
well. That could revolutionize space travel (artificial gravity or tractor beams). Inertia dampening: since
inertial mass in MNT comes from node pairing stability, perhaps a device could reduce that (imagine
oscillating an object’s internal nodes to make it easier to accelerate - a kind of antigravity effect). These
sound sci-fi, but nothing prohibits them outright in the theory - they're just extremely hard. Another
implication is in energy production: beyond vacuum energy extraction, if T threshold could be artificially
lowered or triggered, one might catalyze matter formation or conversion. E.g., cheaply create particles from
the vacuum by locally reducing t (somewhat like how a laser’s electromagnetic field can spawn particle pairs
out of vacuum if intense enough - MNT might find more efficient paths). On the computing side, if reality is
a deterministic automaton, maybe one could tap into the computation nature - building computers that
compute on the node level (sub-quantum computers that beat quantum computing? Very speculative).
Usually, these wild ideas take decades or centuries to realize if at all; but it's good to recognize them,
because pursuit of such could feedback to fundamental research (like trying to build a gravity device might
force us to refine the theory).

9.4 Potential Challenges and Open Questions. There are plenty of unresolved issues with MNT:

* Deriving Standard Model parameters: So far, we hand-fit things like electron mass, fine structure
constant. A true unification should predict those from first principles. MNT hasn't done that yet - it
simply shows a path to incorporate them. We need a more fundamental reason why 6 = 0.1 rad, or
why T has the value to give proton mass ~938 MeV, etc. It could be some underlying symmetric
lattice solution that picks these values. This is a major open question: what fixes MNT’s constants?
(Could it be initial conditions of the universe’s node state? Or something like an anthropic selection?
Ideally no, a physical mechanism should.)

Lorentz invariance and reference frame: A discrete lattice introduces a preferred frame (the lattice
rest frame). How do we not see violations of Lorentz invariance? Presumably because at node scales
the physics adjusts so that it's Lorentz invariant at large scales (like how sound in a crystal at long
wavelengths doesn’t care about the lattice orientation). But at some precision, maybe there will be
anisotropy or dispersion. We should quantify: e.g., high-energy cosmic rays - do they violate Lorentz
by having a cutoff (some theories like Doubly Special Relativity look for anomalies at Planck scale)?
MNT might produce threshold anomalies (like maybe ultra high-energy gamma rays don’t propagate
as expected). We need to ensure either those are so small current tests don't see them, or see if any
observed anomalies (OPERA's faster-than-light neutrino saga, now resolved as error, but things like
that) could hint at lattice effects. This is open and critical - preserving exact Lorentz symmetry in a
discrete model is tricky (but not impossible if the lattice is in a kind of superposition or if interactions
mimic Lorentz covariance exactly for low energies).

Quantum entanglement and Bell tests: MNT has to reproduce all quantum predictions. So far, we
have not shown explicitly how node determinism yields the specific probabilities of (say) electron
spin measurements. One would need to derive Born’'s rule from the statistics of chaotic node
dynamics. That's a tall order. If it can’t, that would be fatal. There are some works on deterministic
hidden-variable models that do (like 't Hooft's cellular automaton interpretation), maybe those ideas
can be borrowed. We listed earlier that entanglement might come from hidden connections (like
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nodes entangled being actually physically connected in ©<sub>d</sub> space). We should formalize
that. Also, does MNT allow any slight deviations from standard QM (like measure-correlations? If so,
experiments could disprove it quickly because QM is so well tested). For safety, we likely must align
exactly with QM in outcomes for all practical setups, just providing a story underneath.

Computational complexity: If everything is deterministic, the universe might be performing a
gigantic computation. Is it computable in polynomial time, or is reality solving an NP-hard problem
efficiently? That sounds absurd, but it's a question - if MNT's rule set accidentally allows a Turing
machine embedding that is uncomputable or something, then it might be inconsistent or require
immense fine-tuning. Ideally, node interactions should correspond to a well-posed computable
system (likely classical chaos, which is computable in principle even if unpredictable in practice). This
bleeds into the question of free will and time's arrow: MNT is time-symmetric at the fundamental
level (most likely), so where does irreversibility come from? Presumably from chaos and ignorance -
similar to classical thermo arguments. But we should check if anything in node rules biases forward
time (maybe A<sub>chaos</sub> effectively acts like a second law driver).

Initial conditions and singularities: MNT as presented doesn't say what set the lattice in motion at
the Big Bang (the “0O-event”). It avoids the singularity, but still - why was t exceeded everywhere at
once? We might need a pre-big-bang narrative (like a contraction that bounced, or an eternal lattice
where at t=0 a critical transition occurred). This touches on the multiverse or cosmological constant
issues. It might be that if MNT is true, fine-tunings like the value of A are explained by initial lattice
state rather than deep physical constants (which some might find unsatisfying - we'd be trading one
mystery for another). So cosmology with MNT is wide open to develop.

9.5 Outlook. The path forward for MNT involves both theoretical and experimental steps:

+On theory: developing rigorous mathematical underpinnings (perhaps reformulating MNT in
Lagrangian/Hamiltonian terms to connect with established frameworks), deriving gauge fields
properly, and running numerical simulations (maybe using high-performance computing to simulate
a small patch of node lattice and seeing emergent behavior like particle scattering or black hole
formation). Appendix F outlines some algorithms and approaches we have begun (like using cellular
automaton simulation for 1D node chains, which already reproduce wave-particle duality
qualitatively) 59 8 . We expect that as computational power grows, direct emulation of a “toy
universe” with nodes might become a standard tool - verifying if such a model can sustain stable
atoms, produce gravitation, etc., would be a huge check.

On experiment: we enumerated specific tests (Casimir precision, gravitational wave echo searches,
high-energy collider observations, dark matter direct detection vs. astrophysical fits, etc.). Each of
those provides an opportunity to falsify or support MNT. If over the next decade none of these hints
appear (no echoes, no LHC bumps but a WIMP is found instead, etc.), then MNT may fade as an idea.
Conversely, if even one prediction hits (say LIGO sees echoes with consistent pattern), interest will
skyrocket. We should also be open to new phenomena that MNT could explain: e.g., maybe some
anomaly in precision oscillators or cosmic ray neutrino oscillations could be linked to MNT's lattice
(that's speculative, but one keeps eyes open).

* Interdisciplinary reach: MNT might connect to quantum gravity research (spacetime discreteness is a
big topic there), to condensed matter (some analog models treat spacetime as emergent from
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something like spin networks - MNT could be seen as giving that a concrete form), and even
philosophy of science (as it challenges the reigning probabilistic interpretation). So it must engage
those communities too for fruitful critique and development.

In conclusion, while Matrix Node Theory is still in a formative stage, it provides a rich, unifying narrative
that addresses many fundamental questions at once. It dares to take determinism and discreteness
seriously and is bold in making predictions that upcoming experiments can check. Whether it ultimately is
the right path or not, exploring it is extremely valuable - it reminds us that there are still deeply different
ways to think about quantum-gravity unification beyond the well-trodden ones. By consolidating our
findings in this whitepaper and companion appendices, we aim to spark dialogue and encourage others to
test, poke holes, and build upon this framework.

10. Conclusion & Outlook

We have presented Matrix Node Theory (MNT) as a comprehensive unifying framework that bridges
quantum mechanics and general relativity by positing a discrete, deterministic spacetime lattice of
interactive nodes. Throughout this whitepaper, we laid out the motivation for such a theory, developed its
core postulates and equations, demonstrated how key physical constants and phenomena emerge from it,
and highlighted concrete predictions that distinguish it from the Standard Model and classical GR. MNT
manages to reproduce known physics where it should - the probabilistic nature of quantum outcomes, the
inverse-square law of gravity, the success of quantum field theory in predicting microscopic phenomena -
while offering new insights and testable deviations (from gravitational wave echoes to subtle spectral shifts
to high-energy resonances).

In summary, the fabric of reality in MNT is an information-rich lattice: every “point” in space is an active
node carrying quantized energy and interacting with neighbors in a way that naturally produces quantum
uncertainty at small scales and smooth curvature at large scales 3 9 . Particles are not independent
entities but manifestations of node clusters reaching a critical interaction threshold (t) % 33, and forces
are the result of various components of node coupling (nonlinear self-interaction, quantum potential, etc.)

8 . This perspective dissolves the gap between force and matter, between space and particle - all are
different patterns of the same underlying network.

The successes of MNT so far include: a unified explanation for wave-particle duality (structured node
pairings), a potential solution to the dark matter problem without new particles (via lattice effects) 8 81  a
rationale for dark energy/cosmological constant as a global mode of spacetime 46 48 | and a framework in
which time, probability, and locality are derived concepts rather than fundamental mysteries. It also
importantly provides multiple routes to falsification in the near term, which is the mark of a scientific
theory. Within the next 5-10 years, experiments in gravitational wave astronomy, collider physics, precision
measurements, and dark matter searches will likely provide data that can confirm or rule out key aspects of
MNT.

If MNT is vindicated by evidence, it would mark a new paradigm for physics - one where nature is
understood as a kind of computation on a spacetime lattice, and where what we call particles and fields
are emergent patterns in that cosmic computation. It would fulfill Einstein’s dream of a unified theory, but
in a way Einstein might not have anticipated (discrete and deterministic underneath the quantum). It would
also empower technology beyond our current imagination by hinting at how we might manipulate the
fabric of spacetime itself.
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Of course, much work remains. This whitepaper and its appendices consolidate our current
understanding, but many derivations need to be firmed up, and many parameters need deeper
explanation. We must extend the theory to incorporate the full richness of the Standard Model's gauge
forces explicitly, refine the node interaction laws (are they exactly as given in Eq. 2.1 or approximate?), and
run comprehensive simulations to see if any hidden inconsistencies arise. On the experimental front, even if
some predicted effects are not seen, that will help constrain or adjust the theory's parameters (e.g., limit the
strength of ©<sub>d</sub> coupling from absence of echoes). This iterative process will either hone MNT
into a robust theory or expose fatal flaws - either outcome is a gain in knowledge.

In looking ahead, we envision a few concrete next steps:

+ Appendices A-F as standalone studies: Each of the six appendices will be developed into detailed
reports (with their own data and analysis) so that specialized communities can assess them. For
instance, Appendix B on gravitational wave echoes will be submitted to a gravitational wave journal,
Appendix C's dark matter analysis to an astrophysics journal, etc. This modular approach ensures
focused peer review by experts in each sub-discipline.

+ Collaboration and outreach: We will open-source our simulation code (for node interactions) and
set up workshops with both theorists and experimentalists to examine MNT critically. In particular,
engaging LIGO scientists, LHC experimentalists, and precision measurement experts early can
sharpen the predictions and suggest new tests (perhaps ones we haven’t thought of).

« Graduate research and education: MNT's interdisciplinary nature makes it an exciting topic for
young researchers. It touches on quantum foundations, computational physics, cosmology, etc. We
intend to develop a seminar series or even a course around it, inviting criticisms and fresh ideas
from students (who often spot issues others miss).

In concluding, we reiterate that while MNT is speculative, it is grounded in consolidating existing
observations under a new framework and making bold predictions for upcoming experiments - fulfilling
the criteria of a scientific theory. It represents a synthesis of concepts that historically were seen as
opposites: it says quantum uncertainty and gravitational certainty are two faces of the same coin, and that
coin is the Matrix (to borrow a pop culture term) of nodes underlying reality.

The coming decade will be crucial. If evidence accumulates in favor of MNT, it could trigger a seismic shift in
physics, akin to the birth of quantum mechanics a century ago - hence the subtitle of this paper: A Seismic
Unification of Quantum and Gravitational Physics. Such unifications happen perhaps once in a century;
whether MNT will be that unification or a stepping stone towards it, only time (and data) will tell.

We invite the scientific community to scrutinize, test, and expand upon the ideas presented here. The
pursuit of understanding the universe at its most fundamental level is a collective endeavor, and if MNT
holds even a grain of truth, exploring it further will be a journey worth taking.

- The authors (MNT Collaboration), 2025

<br>
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