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Extended Derivations of Fundamental Constants
in Matrix Node Theory

Introduction

Matrix Node Theory (MNT) is a recently proposed deterministic lattice framework aiming to unify quantum
mechanics, gravitation, and cosmology ' . In the initial “Seismic Unification” manuscript, the core MNT
lattice was shown to reproduce many fundamental constants (e.g. $c$, $\hbar$, $G$, $\Lambda$) from first
principles 2 . However, several key quantities in the Standard Model and cosmology were left only partially
explained. This companion paper extends the MNT framework by deriving additional physical constants -
including the fine-structure constant $\alpha$, the weak isospin coupling $g$ and electroweak scale, quark
mixing parameters (CKM matrix), cosmological dark energy parameters ($\Omega_\Lambda$ and a
possible dark-energy decay rate), and neutrino masses and mixings - directly from the first principles of the
lattice model. Each derivation is presented with step-by-step logic, dimensional analysis, and clearly stated
assumptions. Throughout, we adopt a cautious, critical tone: we highlight where MNT’s derivations remain
tentative, which parameters had to be tuned, and how these results could be falsified by experiment. We
also propose new experimental tests spanning colliders, cosmology, and quantum vacuum measurements
that could confirm or refute these extended MNT predictions. The goal is transparency - to delineate what
MNT truly predicts versus what has been assumed - and to outline how future data can validate or
invalidate the theory.

MNT Lattice Framework Recap

Planck-Scale Lattice: MNT postulates a discrete space-time lattice with spacing $a_0$ (on the order of the
Planck length $\ell_P \approx 1.616\times107{-35}$ m) and time step $t 0% (Planck time $
\sim5.4\times107{-44}$ s) 2 . Every node in this 3D lattice carries continuous phase variables representing
local oscillations 3 . Neighboring nodes interact via an energy functional depending on their phase
differences and separation 4 . The coupling strength of these interactions is given by a fundamental
constant $K$, which sets the stiffness of the “springs” connecting nodes 5 4 . By construction, $a_0$ and
$t_ 0% are chosen so that the emergent low-energy physics respects the observed speed of light $c$
(essentially $c \approx a_0/t_0%) and Planck's constant $\hbar$ 2 . In fact, setting $a_0 = \ell_P$ and
defining appropriate node dynamics yields $G$, $c$, and $\hbar$ correctly by construction 2 . Crucially,
once these base lattice parameters are fixed, many dimensionless outcomes of the theory are not tuned but
emerge from the lattice geometry and dynamics. This includes the fine-structure constant, as we discuss
next.

Previous Successes: The initial MNT formulation demonstrated that several fundamental constants can be
derived rather than inserted. For example, Newton’s gravitational constant $G$ arises from the lattice if
$a_0% is set to $\ell_P$: specifically $G = \frac{a_0/2 cA3}{\hbar}$, which with $a_0 = \ell_P$ reproduces the
empirical $G$ within $2\times107{-5}$ 6 . Similarly, the tiny cosmological constant $\Lambda$ emerges
from a residual vacuum energy density of the lattice: taking each node’s zero-point energy $\sim\frac{1}
{2X\hbar\omega_0% with a nearly complete cancellation between positive and negative phase fluctuations
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yields a small net vacuum density $\rho_{\rm vac} \approx \hbar c¢/(2a_074)$. Plugging this into $\Lambda
\approx 8\pi G \rho_{\rm vac}/c"2$ gives $\Lambda \approx 2.8\times10/{-122}$ (in Planck units), matching
the observed value to within a few percent 7 . These successes are encouraging, but they also involve
assumptions (e.g. the form of node interaction and nearly exact cancellations of vacuum energy) that must
be scrutinized. In this paper, we extend the lattice model to the remaining parameters of the Standard
Model and cosmology, with careful attention to where new assumptions enter and where MNT's predictions
can be tested.

Fine-Structure Constant a from Lattice Geometry

One longstanding mystery is the origin of the dimensionless electromagnetic coupling, $\alpha \approx
1/137.035999%. Unlike many constants, $\alpha$ is pure number independent of units. In the Standard
Model, $\alpha$ is an input parameter; MNT, however, predicts $\alpha$ from first principles of the
lattice 8 9 .

Derivation Approach: In MNT the electromagnetic field emerges as collective oscillations (transverse
waves) of node phases 10 . We assume the lattice includes a $U(1)$-like interaction term that reproduces
electromagnetic behavior at large scales 11 . This is a reasonable extension: the original MNT already
accounted for gravity and a quantum wave-like behavior; here we posit that a subset of node interactions
can be identified with electromagnetism. The strength of this $U(1)$ coupling in the lattice is governed by
the same fundamental spring constant $K$ (or a closely related parameter) that appears in the node energy
functional 12 . Importantly, we do not arbitrarily tune $K$ to fix $\alpha$; instead, $K$ is already
effectively determined by other considerations (as described below). Once $a_0% and $K$ are fixed - for
instance by fitting one characteristic scale such as the electron’s rest energy - the fine-structure constant
should emerge “for free” as a consequence of the lattice geometry 12 13,

A sketch of the derivation is as follows. Consider a node and its $z$ nearest neighbors in the lattice (for a
simple cubic lattice $z=6$). Small oscillations of the node’s phase relative to its neighbors produce a linear
restoring force $\propto K$ (by Hooke's law analogy) 14 . This leads to wave propagation with a dispersion
relation that depends on $K$, the lattice spacing $a_0%, and possibly an effective inertia of nodes (related to
how a node's phase oscillation carries kinetic energy). By requiring that long-wavelength electromagnetic
waves in the lattice propagate exactly as light in continuum vacuum, we impose that the lattice’s wave
impedance matches the vacuum impedance 12 . In classical electromagnetism, the impedance of free
space $Z_0% (about $377\;,\Omega$) is related to $\alpha$ by $Z_0 = \frac{2\pi\hbar}{e”2 c} = \frac{2\pi}
{\alpha} \mu_0 c$ (since $\alpha = \frac{eA2}{4\pi\epsilon_0\hbar c}$). Thus, matching the lattice's effective
impedance to $Z_0$ essentially sets the electromagnetic coupling in terms of $K$, $a_0$, and geometric
factors like $z$. Solving this yields $\alpha$ as a pure number determined by the lattice parameters and
topology. MNT's detailed derivation yields: $$\alpha*{-1}{\rm MNT} \approx 137.036,$% or $\alpha$ (one part
per million) of the CODATA experimental value - essentially an exact agreement considering that higher-
order quantum electrodynamic corrections could account for the tiny difference 17 .} \approx
7.29735\times107{-3}$ 15 16 . This is within $10/{-6

Assumptions and Consistency: The above derivation assumes the lattice interaction can indeed reproduce
an emergent $U(1)$ gauge field obeying Coulomb's inverse-square law at long range. This was enforced by
normalizing the lattice coupling such that the static potential between two electron excitations falls off as
$1/rA2%, which fixes a combination of $K$ and other lattice parameters 12 18 , In practice, MNT chooses
$K$ by requiring self-consistency in the electron’s observed properties - notably its rest mass, charge, and
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magnetic moment must all emerge correctly together 18 . Once this choice is made, no further tuning is
done for $\alpha$. The success of $\alpha$ is thus a prediction of MNT, not a retrofit: the framework yields
the precise electromagnetic coupling without fine-tuning 8 10 . It is worth noting, however, that this
success rests on the assumption that the simple lattice model with nearest-neighbor coupling can fully
emulate electromagnetic waves in continuum. If the lattice had a different topology or if additional hidden
parameters were required, the prediction of $\alpha$ could fail. So far, MNT's $\alpha$ result appears
robust and is one of the theory's proudest achievements 9 16 . The only discrepancy, at the level of
$107{-6}%, is attributed to neglected higher-order lattice effects (analogous to radiative corrections) 13 17,
Those could be further tested if future experiments found a tiny deviation from the exact CODATA $\alpha$
due to new physics - something MNT tentatively allows but which current data do not indicate. In summary,
the fine-structure constant in MNT is not an inexplicable input but a calculable outcome of lattice geometry,
provided the model's assumptions hold. Any failure to reproduce $\alpha$ with the chosen $a_0% and $K$
would have falsified the framework; instead, the success builds confidence in extending MNT to other
constants.

Weak Coupling Constant and Electroweak Scale

Next we turn to the weak nuclear force. The electroweak sector of the Standard Model is characterized by
the SU(2)$_L$ coupling constant $g$ (approximately 0.65 at low energy), the weak mixing angle $\theta_W$
(with $\sinA2\theta_W \approx 0.231$ at $M_Z$ scale), and the scale of electroweak symmetry breaking
(Higgs vacuum expectation $v \approx 246$ GeV). In the Standard Model these parameters are not derived
from first principles - $g$ and $g'$ (the $U(1)_Y$ hypercharge coupling) are inputs, and $v$ (or the Higgs
mass) is set by the Higgs potential. We investigate how MNT's lattice might underpin these quantities. Our
derivations here are more tentative, since the original MNT literature achieved consistency with
electroweak observations by incorporating known values (like $v$) rather than fully predicting them. We aim
to outline how a true first-principles derivation could work, while noting clearly where assumptions or
parameter choices enter.

Lattice SU(2) and Weinberg Angle: In MNT, all forces are meant to emerge from one unified lattice
interaction. Thus, the difference between electromagnetism and the weak force should come from how the
lattice oscillations organize themselves, rather than completely independent couplings. A plausible
approach is that at high energy the lattice interactions are symmetric, and effectively there is a single
coupling strength for what will become electroweak interactions. As the system cools or expands, a
symmetry-breaking (analogous to Higgs mechanism) occurs within the lattice that differentiates the
massless photon mode from the massive $W$/$7$ boson modes. The weak mixing angle $\theta_W$ would
then be related to how the lattice splits the unified electroweak interaction into $U(1)$ and $SU(2)$
components. Assumption: We assume the lattice has an in-built $SU(2)\times U(1)$ symmetry in its
interaction rules that can spontaneously break to $U(1)_{\rm EM}$. This could be implemented by having
two types of phase interactions (one that is like a triple-direction coupling for $SU(2)$ and one like a single-
axis coupling for hypercharge). When the lattice “freezes out” certain high-frequency modes, the ratio of the
remaining coupling strengths yields the Weinberg mixing angle.

In simpler terms, MNT must reproduce the standard electroweak unification: at tree-level, the relationship
$e = g\sin\theta_W$ and $m_W = \frac{1}{2} g v$ should hold, and the $\rho$-parameter (which is $m_Wn2/
(m_ZA2\cosA2\theta_W)$) should equal 1 as in the Standard Model. MNT manages to satisfy these
consistency conditions. Notably, MNT's low-energy limit yields the same Weinberg angle and $\rho=1% (to
leading order), indicating it preserves the gauge structure of electroweak theory 19 . By requiring $\rho=1$


https://img1.wsimg.com/blobby/go/24d7a457-640a-4b87-b92f-ef78824df3ec/Derivation%20of%20Physical%20Constants%20and%20Mechanism.pdf#:~:text=,The%20measured
https://img1.wsimg.com/blobby/go/24d7a457-640a-4b87-b92f-ef78824df3ec/Derivation%20of%20Physical%20Constants%20and%20Mechanism.pdf#:~:text=construction%20.%20The%20fine,All%20other%20dimensionful%20constants
https://img1.wsimg.com/blobby/go/24d7a457-640a-4b87-b92f-ef78824df3ec/Derivation%20of%20Physical%20Constants%20and%20Mechanism.pdf#:~:text=,In
https://img1.wsimg.com/blobby/go/24d7a457-640a-4b87-b92f-ef78824df3ec/Derivation%20of%20Physical%20Constants%20and%20Mechanism.pdf#:~:text=Fine,MNT%E2%80%99s%20refined
https://img1.wsimg.com/blobby/go/24d7a457-640a-4b87-b92f-ef78824df3ec/Derivation%20of%20Physical%20Constants%20and%20Mechanism.pdf#:~:text=Fine,alpha
https://img1.wsimg.com/blobby/go/24d7a457-640a-4b87-b92f-ef78824df3ec/Derivation%20of%20Physical%20Constants%20and%20Mechanism.pdf#:~:text=choice%3B%20it%E2%80%99s%20effectively%20fixed%20by,most%20impressively%2C%20MNT%20predicts%20the
https://img1.wsimg.com/blobby/go/24d7a457-640a-4b87-b92f-ef78824df3ec/Derivation%20of%20Physical%20Constants%20and%20Mechanism.pdf#:~:text=which%20means%20%24%24%5Calpha_,that%20each%20node%20has%20%24z
https://img1.wsimg.com/blobby/go/24d7a457-640a-4b87-b92f-ef78824df3ec/Derivation%20of%20Physical%20Constants%20and%20Mechanism.pdf#:~:text=electroweak%20mixing%20as%20the%20Standard,This%20implies%20that

(which is essentially guaranteed if a Higgs-like mechanism with a single doublet is reproduced), one
automatically relates $g$ and $g'$ via $\tan\theta_W = g'/g$. MNT does not choose $\theta_W$ arbitrarily;
rather, it emerges from how the lattice handles the two components of the electroweak field. In practice, the
current MNT documentation implies that the observed $\sinA2\theta_W \approx 0.231$ at the $Z$ mass
was achieved in the model, but it is not yet clear if this number was truly predicted or effectively used as an
input to calibrate the lattice gauge interaction ratios 20 19 . We must treat this with skepticism: without a
detailed published derivation, we suspect MNT ensures the correct weak mixing angle by construction
(mirroring the Standard Model pattern) rather than deriving it from deeper principles. A fully successful
MNT would ideally predict $\theta_W$ at low energy from a unified coupling at the Planck scale plus known
running effects - a challenging task outside the scope of the current framework. For now, we note that MNT
is at least consistent with the observed electroweak mixing (no obvious contradiction), and we proceed
to the value of $g$ itself.

Deriving $g$ and $v$: Once the mixing angle is set, the weak isospin coupling $g$ can be obtained if we
know the scale of symmetry breaking $v$ and the $W$ boson mass. In the Standard Model $m_W = \frac{1}
{2} g v$. MNT reportedly is able to generate the correct $W$ and $Z$ boson masses in its lattice -
presumably by calibrating the lattice’s equivalent of the Higgs field such that these masses come out right

2122 In fact, one MNT data table listed a formula used: $m_WA2 \approx (\alpha\,m_P)*2$ (where $m_P$
is the Planck mass) which produced $m_W = 80.379% GeV, exactly matching the experimental value 22 . This
appears to be a phenomenological fit rather than a fundamental derivation; regardless, MNT does get
$m_W$ and $m_Z$ essentially spot on 22 23 | Using the known $v=246$ GeV (the standard Higgs vacuum
expectation) in the relation $g = 2m_W/v$, one finds $g \approx 0.653$% 24 . Indeed, plugging MNT's
$Mm_WA{QArm MNT}=80.379% GeV and $v=246% GeV yields $g=0.653%$, exactly in line with the empirical
$SU(2)$ coupling 24 . This agreement is not a true prediction but a check: MNT essentially ensured
$m_W$ is correct (with $v$ taken as given), so naturally $g$ comes out correct as well. The theory
“reproduces the SU(2) coupling strength” but one could argue this was a consistency check rather than an
independent success 25 26 . Tiny higher-order effects, such as the running of $g$ or $\sinA2\theta_W$
with energy, would correspond in MNT to higher-order lattice interaction effects and have not been
explicitly derived - but they are expected to be small corrections of order a few percent 27 .

Electroweak Scale (246 GeV) from First Principles? The value $v=246% GeV (or equivalently the Higgs
boson mass $m_H \approx 125% GeV) is a crucial scale separating electromagnetic and weak forces. In the
Standard Model, $v$ is set by the Higgs potential parameters and is basically put in by hand. A deeper
theory might explain why this scale is so much lower than the Planck scale (~$10/{19}$ GeV). MNT aspires
to explain this hierarchy. One idea is that the electroweak scale is an emergent collective frequency of
the lattice, analogous to how a crystal can have vibrational modes with frequencies far below the natural
frequency of an individual atom. If the entire Universe's lattice has $N$ nodes across it, long-wavelength
modes could have frequencies suppressed by $1/\sqrt{N}$ or similar, producing energy scales much smaller
than Planck energy. Specifically, a mode spanning roughly $107A{17}$ lattice spacings (which is about
$107{-18}$ m wavelength, comparable to a typical high-energy particle scale) would have a frequency about
$107{-17}$ of the Planck frequency, on the order of $10~{2}$ GeV. This line of reasoning suggests that the
Higgs field in MNT could be a collective oscillation of many nodes - effectively a Goldstone mode of a
lattice phase transition - whose natural frequency is orders of magnitude lower than the Planck oscillation
frequency.

In practice, MNT's author(s) introduced a nonlinear “node self-interaction” in the lattice that produces
spontaneous symmetry breaking 28 29 . By tuning this self-interaction strength, the lattice acquires a
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nonzero vacuum phase angle (analogous to a Higgs vacuum expectation) and a massive scalar excitation.
The parameters were adjusted such that this scalar's mass is ~125 GeV and the effective vacuum
expectation corresponds to 246 GeV 21 . Thus, MNT can achieve the electroweak scale, but currently it
does so by parameter choice rather than prediction - essentially one has to dial the node nonlinear
coupling ($\lambda$ in a Higgs-like potential) to get the observed $v$. The derivation is therefore not as
satisfying as that of $\alpha$: we have introduced a new free parameter to explain $v$. On the positive side,
the mere fact that a Planck-scale lattice can generate a vastly lower energy scale is a nontrivial consistency
check. The required small dimensionless ratio (on the order of $107{-17}$) arises naturally from the
interplay of $K$, $a_0$, and the node interaction threshold in MNT 30 . In particular, the lattice has a critical
phase transition density (denoted $\tau$ in MNT) which was set to occur at the Planck energy density 30 .
This ensures that below that density (which includes the present universe), certain collective modes are
light. The Higgs mode can be viewed as arising just below that critical threshold, giving it a mass much
smaller than Planck scale yet non-zero. One might say the lattice almost remains symmetric, but just barely
“freezes” into a broken phase, hence the Higgs mass is small but nonzero.

Uncertainties: Because MNT's current explanation of the electroweak scale involves an adjustable
potential, there are uncertainties in its prediction. If the lattice self-coupling were slightly different, $v$ (and
$m_H$) could have been different - thus the value 246 GeV is not rigidly fixed by other fundamentals in the
present state of the theory. It is an open question whether a more constrained version of MNT could lock in
this scale (for example, by relating the node self-interaction to $K$ and $a_0% through deeper consistency
conditions). Until then, we must treat $v$ as a parameter within MNT that is aligned to the observed world
rather than a pure prediction. Any more precise tests, such as predicting the Higgs self-coupling (quartic) or
deviations in the Higgs width, require the details of the lattice potential. MNT documentation hints that the
Higgs self-coupling is correctly reproduced (the “self-coupling to yield a 125 GeV scalar” was mentioned)

21, which suggests the lattice potential was chosen to mirror the Standard Model's $\lambda \approx
0.13% at that scale. This again underscores that some aspects of the electroweak sector are input via
judicious choices.

In summary, MNT can accommodate the weak coupling $g$ and electroweak scale $v$, achieving
consistency with known values, but it has not yet reduced these to zero-parameter predictions. The
theory’s credibility here lies in showing that no contradictions arise and that with plausible lattice
ingredients one matches the weak sector. Future improvements would need to derive $\theta_W$ and $v$
from truly fundamental calculations. We will later discuss how experimental data (e.g. precision Higgs
measurements) could reveal any subtle deviations that might distinguish MNT's electroweak sector from the
Standard Model's parameterized approach.

Quark Mixing (CKM Matrix) and Mass Hierarchies

The Standard Model requires a 3x3 unitary Cabibbo-Kobayashi-Maskawa (CKM) matrix to describe how
quark flavor eigenstates mix to form mass eigenstates. The CKM matrix contains 3 mixing angles (often
denoted $\theta_{12}$, $\theta_{23}$, $\theta_{13}$) and a CP-violating phase $\delta$. These parameters
are empirically determined - the Standard Model does not explain their values 31 . A true “unified theory”
would ideally account for why quark masses and mixings take the values we observe. We now explore
qualitatively how MNT'’s lattice might generate the structure of quark masses and the CKM matrix.
This is one of the most speculative parts of our work, as the current MNT publications have not explicitly
derived the CKM elements. We therefore outline a possible mechanism within MNT and emphasize the
open problems and tunable aspects of this proposal.
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Lattice Basis for Flavors: In MNT, each particle species corresponds to a particular pattern of node
oscillation or a localized resonance on the lattice. The three generations of quarks (up/down, charm/
strange, top/bottom) could correspond to three different modes of excitation that a quark-type node
network can sustain. For instance, one might imagine that a “quark” in MNT is not pointlike but is a localized
cluster of nodes oscillating in unison. The lowest-energy stable cluster might correspond to up/down
quarks, the next-higher mode to charm/strange, and the highest-frequency mode to top/bottom. This
naturally produces a hierarchy of masses - heavier quarks involve higher-frequency or more complex node
oscillations. Indeed, if we rank the lattice resonance modes, we expect the top quark mode to have the
highest frequency (hence largest rest energy), while up and down are lowest. MNT documentation on
lepton masses follows a similar reasoning: each lepton generation (electron, muon, tau) is a stable node
oscillation with characteristic frequency, and the masses come out in the correct ratios by construction or
mild tuning 32 . By analogy, quark masses could be set by similar lattice parameters. There is an inherent
assumption here that the lattice has exactly three stable oscillation modes for quark-type excitations, which
corresponds to three generations. This is consistent with observation but would be an input to MNT - one
might ask why not a fourth? In lattice terms, perhaps only three modes are supported because of boundary
conditions or the dimensionality of internal phase space (e.g. a three-dimensional phase resonance space
yields three fundamental modes). We flag this as an assumption: the existence of exactly three families
must either be put in or justified by some lattice symmetry (MNT hasn't yet shown this, as far as is
published).

Origin of Mixing: If each generation’s quark is a distinct lattice mode, then pure mode states would not
mix. Mixing occurs if the modes are not perfectly orthogonal or if there is a small coupling between them.
In a lattice model, it's very plausible that different oscillation modes of a cluster can interact - for example,
neighboring node clusters might have a slight overlap. We posit that quark mixing arises from small off-
diagonal couplings between the lattice modes corresponding to different generations. This is
analogous to how in quantum mechanics a slight coupling between two oscillators leads to normal modes
that are admixtures of the uncoupled states. In the context of MNT, if an up quark’s node pattern has a tiny
probability to oscillate in the shape of a charm quark pattern, then an initial up quark state could evolve to a
small component of charm - effectively a mixing. The CKM matrix elements would then be determined by
the strengths of these mode couplings. For example, the element $V_{us}$ (which quantifies $d$-$s$
mixing, traditionally the Cabibbo angle) would relate to how strongly the lattice excitation for a strange
quark overlaps with that of a down quark.

Because empirical CKM angles have a hierarchical pattern ($\theta_{12)\sim13A\circ$, $
\theta_{23}\sim2.4M\circ$, $\theta_{13}\sim0.2A\circ$ in one convention 33 ), we infer that in MNT the
coupling between first and second generation modes is moderate, between second and third is small, and
first-third is extremely small. One potential explanation is that the first and second generation modes are
similar in structure (thus mix more), whereas the third generation (especially top quark) mode is quite
distinct and isolated (thus mixes less). This could be because the top mode might involve a different
number of nodes or a different spatial extent on the lattice, reducing its overlap with the lighter modes.
Another factor could be the node interaction strength: if the coupling $K$ or equivalent for modes of
different energy differs, it might suppress mixing involving the heavy mode.

At this stage, these ideas are heuristic. We can attempt a dimensional analysis: The mixing angles being
dimensionless numbers of order $107{-1}$ to $107{-3}$ suggests that some ratio of coupling strengths in
the lattice is at play. For instance, if we denote $\epsilon_{ij}$ as the fractional coupling between mode $i$
and $j$, then we expect $\epsilon_{121\sim0.22$ (since $\sin\theta_{12P\approx0.22%$), $


https://img1.wsimg.com/blobby/go/24d7a457-640a-4b87-b92f-ef78824df3ec/Derivation%20of%20Physical%20Constants%20and%20Mechanism.pdf#:~:text=numbers%20line%20up%20with%20real,each%20charged%20lepton%20corresponds%20to
https://web2.ph.utexas.edu/~vadim/Classes/2024f-qft/CKM.pdf#:~:text=Physics%20web2,the%20CKM%20matrix%20would

\epsilon_{231\sim0.04$%, and $\epsilon_{131\sim0.003$. A challenge for MNT is to justify these numbers from
first principles - for example, $\epsilon_{ij}$ might be related to ratios of node resonance frequencies or
overlap integrals of mode wavefunctions on the lattice. Without an explicit lattice calculation, we must
acknowledge that currently MNT does not predict the CKM matrix from scratch; these four parameters
(3 angles + phase) remain to be derived. The Standard Model treats them as free parameters 37 , and so
far MNT hasn't reduced that freedom - at best, it offers a potential mechanism for their existence.

CP Violation: The CKM matrix includes a complex phase $\delta \approx 68/\circ$ that causes CP violation
in quark decays. In MNT, a CP-violating phase could emerge if the lattice interactions are not perfectly
symmetric under time-reversal or if there is a slight asymmetry in how matter vs. antimatter excitations
propagate. One could imagine that the lattice has a subtle built-in chirality or an initial condition that isn't
CP symmetric (for example, some nodes could have a slight bias in oscillation phase). This area is
speculative, but since CP violation in CKM is small, MNT might include a small complex coupling in the
mode-mixing matrix. We would treat that as an additional parameter (e.g., a relative phase in the off-
diagonal couplings). The hope would be that this phase could be linked to another phenomenon (perhaps
the same phase responsible for matter-antimatter imbalance in cosmology), thereby not being entirely
arbitrary. As of now, no detailed treatment of CP phases in MNT exists publicly, so we must consider it
an open problem.

Assessing and Testing CKM Derivation: The extended MNT approach to quark mixing introduces at least
as many new parameters as it hopes to explain (the $\epsilon_{ij}$ couplings might be independent
parameters unless constrained by symmetry). This is a point for critical scrutiny - without a symmetry
principle, MNT might just be “transferring” the unexplained numbers from the Standard Model into another
guise. For MNT to truly add value, it should reduce the number of free parameters by relating the mixing
angles to mass ratios or lattice constants. One speculative relation could be that the mixing between modes
is inversely related to the mass separation of those modes (since closer frequency modes mix more). If so,
one might predict $V_{us}$ (between $d$ and $s$ quarks) is larger because $m_s$ and $m_d$ are closer
than, say, $m_b$ and $m_s$ which correspond to $V_{cb}$. This qualitatively holds: the light quark masses
(~5 MeV vs ~95 MeV) differ by a factor ~20, whereas strange vs bottom (~95 MeV vs 4 GeV) differ by factor
~40, and the mixing $V_{cb}$ (~0.04) is much smaller. So a rough inverse correlation exists, but
guantitatively it's not precise enough to derive angles.

Ultimately, to verify any such MNT claims, one would look for patterns or relationships in mixing parameters
that the Standard Model does not require. For example, MNT might imply a relation between quark mixing
and lepton mixing (if the lattice couplings for quarks and leptons are related). If a clear relation (say $
\theta_{12}*\rm quark}$ tied to $\theta_{12}*{\rm lepton}$) were derived and confirmed experimentally,
that would be a breakthrough. Conversely, if MNT predicted any tiny deviations in unitarity of the CKM
matrix or small measurable differences in CP violation patterns, those could serve as tests. At present,
however, the CKM matrix remains an open challenge for MNT - it is recognized as something the
theory should explain but currently does not without additional assumptions 3' . This is a significant
gap to fill in future work. We underscore this as a key area where MNT's credibility will hinge on providing a
compelling derivation or at least a deeper insight (something beyond just restating the experimental
values). Until then, the CKM parameters in MNT can only be treated as inputs tuned to match reality, which
limits the predictive power here. Any claim otherwise would need to be backed by a full lattice computation
of flavor mixing - a formidable task but one that could truly set MNT apart if achieved.
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Neutrino Masses and Oscillation Parameters

Neutrinos present another sector where new physics is needed: the Standard Model originally had them

massless, and adding masses introduced additional mixing angles and phase(s) (the PMNS matrix).

Empirically, neutrinos have tiny masses (sub-eV scale) and large mixing angles between flavors (two angles

~33° and ~45°, and one smaller ~9°). MNT, being a unification theory, should ideally accommodate neutrino

masses and oscillations from its lattice structure. The current MNT literature suggests a mechanism for

neutrino masses via “small node mixing” and indicates that neutrino data can be fit within the theory 34
35 . Here we articulate that mechanism and examine its implications and assumptions.

Neutrinos in MNT: In a deterministic lattice, one might initially suspect neutrinos to correspond to
massless traveling oscillations (perhaps analogous to photons but in a different sector). MNT likely had
neutrinos as very subtle excitations: possibly a neutrino is a propagating phase flip that doesn’t carry rest
mass unless certain conditions are met. The clue from MNT documents is that “neutrinos gain mass via small
node mixing terms” 34 . This implies that in the pure lattice (with perfect symmetry), neutrinos would be
massless (their oscillation frequency as a localized state would be zero or very near zero), but when you
allow a tiny coupling (mixing) between neighboring node networks, an effective mass emerges during
propagation 34 . In other words, neutrino mass might be a second-order effect: a neutrino oscillation can
leak energy into an adjacent node structure momentarily, creating a slight phase delay that manifests as a
tiny rest mass.

This is conceptually similar to the “see-saw” mechanism in conventional theory (where a small mixing with a
heavy sterile state gives a tiny mass to the active neutrino). In MNT's case, perhaps the “heavy state” is not a
new particle but a high-frequency lattice mode that mixes with the neutrino oscillation. The result is an
extremely small effective mass for the low-frequency mode. Assumption: We assume each neutrino flavor
(electron, muon, tau neutrinos) corresponds to a distinct pattern of node excitation (perhaps analogous to
the charged leptons but in a mode that doesn't carry electric charge). These flavor states on their own
might be exactly massless in the absence of mixing. When we allow the different flavor node networks to
interact slightly (e.g., an electron-neutrino node cluster can swap a bit of energy with a muon-neutrino
cluster, etc.), the flavor states are no longer eigenstates of propagation. The true propagation eigenstates
(mass eigenstates $\nu_1,\nu_2,\nu_3%$) become mixtures of flavor states, with small but nonzero eigen-
frequencies (masses). This naturally leads to neutrino oscillations: as a neutrino travels, its state oscillates
between flavor configurations because $\nu_1,\nu_2,\nu_3% have different phase velocities.

Derivation of Scale: The challenge is to compute the actual masses. Let's denote the small coupling
between neutrino node clusters as $\kappa$ (analogous to $K$ but much weaker). If $\kappa$ were zero,
neutrinos would be massless. For $\kappa > 0%, one can show in perturbation theory that a state of two
coupled oscillators obtains a frequency split proportional to $\kappa$. If the base oscillation frequency of
the neutrino mode is $\omega_0 \approx 0$ (massless), the coupled system yields a small $\omega \sim
\sqrt{\kappa}$ (if we imagine a neutrino mixing with a hypothetical heavy mode). Without detailed lattice
equations, we treat $\kappa$ as a parameter to be determined by data. MNT authors have likely done so:
by choosing a tiny $\kappa$, they can set the neutrino mass scale. Indeed, it's reported that neutrino
masses in MNT “line up with real-world observations within errors” 36 . This indicates they picked $\kappa$
(or equivalent) such that $m_{\nu}$ are on the order of $10/{-2}$-$10/{-1}$ eV, consistent with oscillation
experiments that find $\Delta mA2 \sim 107{-3}$ and $10/{-5}$ eV$/2$. Since MNT is deterministic, there is
presumably no issue accommodating either normal or inverted mass hierarchy; one would plug in the
known mass differences as outcomes of the coupling matrix. However, at this stage this is more of a
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postdiction than a prediction: the neutrino masses were not foretold by MNT ahead of experiments, but
rather MNT shows it can incorporate them by appropriate choice of small mixing terms 37 . The theory
doesn't uniquely determine $\kappa$; it must be tuned to match the observed $\Delta mA2$ spectrum.

Neutrino Mixing Angles: Interestingly, neutrino mixing angles are large, unlike quark angles. In MNT this
could be explained if the three neutrino flavor modes are nearly degenerate (all essentially zero-frequency
modes initially), so any small coupling will mix them almost maximally. If the lattice symmetry for neutrinos
is such that without symmetry breaking all three flavors are identical in the oscillation sense (apart from
their coupling to charged leptons), then the introduction of any tiny mixing could lead to large oscillations.
This would naturally produce two large angles ~$\pi/4$ and $\pi/6% observed (one being almost maximal
45°, another ~33°). The third angle $\theta_{13}\approx9°$ being smaller suggests there is still some
structure (maybe one of the couplings is smaller or one pair of flavors is more separated). MNT has hinted
that neutrino mixing angles could be derived from lattice symmetries 35, presumably meaning if we
understood the arrangement of neutrino-related nodes, we could compute these angles. However, as of the
latest reports, the mixing angles have not been explicitly calculated in MNT - they are said to be
derivable, but no values were given 35 . In practice, one can input the known angles and show MNT can
accommodate them (which is not surprising, as any theory with 3 coupled modes can produce an arbitrary
unitary mixing matrix by choosing appropriate coupling strengths). So, similar to the CKM situation, the
PMNS (neutrino mixing) matrix in MNT currently does not reduce the parameter count; it repackages it.

Anticipated Predictions: One potential distinctive prediction MNT could make about neutrinos is if it
relates the neutrino sector to something else, such as linking the neutrino mixing to the lattice’s
cosmological behavior. For instance, if the same coupling $\kappa$ that gives neutrinos mass also affects
cosmic vacuum energy (perhaps neutrino modes soak up some vacuum energy), then one might predict a
slight time-variation in neutrino properties or a connection to the dark sector. This is speculative, but it
highlights the kind of cross-cut tests that could falsify or support MNT: if neutrino masses or mixings were
found to vary with environmental factors (e.g. matter density or time) in a way MNT could attribute to lattice
effects, that would be noteworthy. Conversely, if neutrino oscillation results violated any lattice-derived sum
rule that MNT might propose (for example, if MNT predicted a specific relation between mixing angles that
experiment refutes), that would challenge the theory.

At present, MNT's stance is that neutrinos have tiny but nonzero masses due to lattice mixing,
consistent with observations, but this achievement involved fitting the known data rather than
predicting new values 37 34 . The theory is flexible enough to incorporate both normal and inverted
hierarchies (since that depends on details of the coupling matrix which can be adjusted). No novel neutrino
phenomenon (like a sterile neutrino or a specific CP phase prediction) has been put forward by MNT so far.
In fact, MNT's explanation of neutrinos is qualitatively intriguing - a deterministic lattice giving rise to
oscillating flavor conversion - but quantitatively it is currently not more predictive than the Standard Model
extended with masses. We mark this as an area where future work could elevate MNT: for example, if the
lattice structure forces a particular neutrino mass sum (maybe relating it to the cosmological constant) or
predicts a tiny deviation in oscillation behavior at high energies, that would be a testable prediction. Until
then, one should view neutrino results in MNT as consistency checks rather than breakthroughs. The
theory does not conflict with neutrino data (which is good), but also did not yet illuminate why, say, $
\theta_{23N\approx45°$ - it must be put in by hand. Any improvement on this (deriving one angle or the
mass ratio from fundamentals) would significantly bolster MNT's explanatory power.
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Cosmological Parameters: Dark Energy and Q_A Dynamics

One of MNT's striking claims is that it naturally explains the tiny but nonzero cosmological constant (dark
energy) without fine-tuning 7 . We discussed earlier how the vacuum energy emerges from incomplete
cancellation of node zero-point energies. The result was in the right ballpark for $\Lambda$, turning a huge
Planck-scale energy density into the tiny observed value by a factor $f \sim 107{-122}$ (a cancellation
precision comparable to what's needed in standard quantum zero-point calculations) 38 . MNT essentially
provides a physical reason for this cancellation: node oscillations in opposite phases cancel out most
vacuum energy, leaving only a small residue 38 . That residual corresponds to $\Omega_\Lambda \approx
0.69% (69% of the critical density of the universe) in the present epoch, which matches observations within a
few percent 7 . This is already a major success for the theory's credibility, achieved with minimal
arbitrariness. However, MNT goes a step further by suggesting that dark energy is not a true constant over
time but very slowly decays. We examine this bold prediction and its experimental implications.

Q_A and Node Vacuum Energy: In a static scenario, MNT yielded a cosmological constant of roughly the
observed magnitude using $a_0 = \ell_P$ and basic quantum principles 7 . The fraction of the universe's
energy in dark energy, $\Omega_\Lambda$, thus comes out correct for a flat universe today. (For context,
Planck 2018 data give $\Omega_\Lambda \approx 0.684\pm0.005%.) MNT's formula effectively fixed $
\rho_{\rm vac}$ in terms of known constants, so it didn’t allow much wiggle - the match to a few percent is
probably within the uncertainties of cosmic measurements and any idealizations in the lattice model. We
consider this a success with caveats: the lattice argument required assuming an exact cancellation of
enormous energies to one part in $107{122}$ 39 . While MNT attributes this to a symmetry (phase anti-
correlation across nodes) rather than unexplained fine-tuning, it remains to be seen if such exact
cancellation can be derived from first principles or if it is imposed. If one had to tune initial conditions to
achieve this nearly exact cancellation, then the virtue is somewhat offset. MNT proponents argue it's a
natural outcome of lattice phase dynamics 38 . Either way, $\Omega_\Lambda$ is not an extra free
parameter in MNT - it's fixed by $a_0$ basically - which is a noteworthy improvement over $\Lambda$CDM
where $\Lambda$ is just a fitted constant.

Dark Energy Decay: A unique prediction of MNT is that dark energy (the vacuum energy density) very slowly
decreases over cosmological time 40 41 | In classical General Relativity with a true cosmological constant, $
\Lambda$ is exactly constant forever. But MNT treats what we call “dark energy” as a property of the
dynamic lattice. If the lattice is metastable, it could release energy gradually. The picture given is that the
lattice's vacuum oscillations are almost perfectly cancelling, but not in permanent perfect equilibrium 39 .
Over extremely long times, tiny imbalances could radiate away or reconfigure, reducing the net vacuum
energy. This is analogous to a false vacuum that decays, albeit with an absurdly long lifetime. MNT does not
predict a specific decay rate $\tau_\Lambda$, but explicitly says the change in $\Lambda$ is “too small to
observe currently” 41 . We can model it as an exponential decay: $\Lambda(t) = \Lambda_0 \exp(-t/
\tau_\Lambda)$ for some huge $\tau_\Lambda$. If $\tau_\Lambda \gg 107{10}$ years (the age of the
universe), then thus far $\Lambda$ would appear nearly constant, but in principle slightly larger in the past
and slightly smaller in the future. For instance, if $\tau_\Lambda = 107{3}$ times the current cosmic age,
then over the entire history of the universe $\Lambda$ would have decayed by only a few tenths of a
percent. That might elude current detection, but could have subtle effects on observables like the
Integrated Sachs-Wolfe effect in the Cosmic Microwave Background (CMB) or high-redshift supernova
luminosities.
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MNT's qualitative statement suggests a half-life (or e-folding time) perhaps on the order of the current
Hubble time or likely much longer 41 . In fact, other researchers have considered phenomenological
models of decaying dark energy with constant decay rate (like radioactive decay) and found that the half-life
must be many times the age of the universe to be consistent with data 42 . If dark energy decays into, say,
dark matter, it would slightly slow the cosmic acceleration at late times and alter the redshift-distance
relations and growth of structure. Notably, a slower growth of dark energy at earlier times can help fit
certain anomalies - e.g., one study found that decaying dark energy can improve the fit to high-redshift
BAO (Baryon Acoustic Oscillation) data 42 . MNT's prediction is conceptually in line with such
metastable dark energy models. It means MNT is not exactly $\Lambda$CDM but a tiny deformation of it:
$\Lambda$CDM would be recovered in the limit $\tau_\Lambda \to \infty$.

Spatial Variation in Dark Energy: Along with temporal decay, one could wonder if MNT allows spatial
variations in vacuum energy. If the lattice has regions of slightly different phase cancellation efficiency
(perhaps due to different matter content or different initial conditions), then $\rho_{\rm vac}$ might not be
perfectly homogeneous. Classical $\Lambda$ is uniform by definition; any spatial variation in dark energy
density would act almost like a new field (a form of quintessence or vacuum polarization effect). MNT has
not explicitly described spatial variation, but it's not ruled out in a discrete model - perhaps areas with
higher matter density slightly perturb the lattice structure and reduce the local vacuum energy (since
matter might soak up some of the lattice oscillation modes). This would effectively be an coupling between
curvature (or matter) and $\Lambdas$. If so, dense regions like galaxy clusters might have marginally lower
effective $\Lambda$ than voids. The user's prompt specifically asks for “spatial variation in dark energy
density” as a prediction to consider. We interpret this as a speculative MNT signature: dark energy might
not be perfectly uniform, but almost uniform with tiny fluctuations or gradients tied to the cosmic
web structure. Detecting this would be extremely challenging - one would need to see if, for example, the
expansion rate or the acceleration differs in voids vs clusters. Some studies have put constraints on this
kind of behavior (often discussed under “coupled dark energy” or “backreaction” in inhomogeneous
cosmologies), generally finding no evidence for large effects. MNT likely predicts any spatial variation to be
minuscule (just as the temporal change is slow). So this remains a qualitative idea unless a concrete
magnitude can be calculated.

Testing the Decay of Dark Energy: Although MNT says the change is too small to observe currently, we can
outline what future or precision data might reveal. A direct test is to measure $\Lambda$ (or $
\Omega_\Lambda$) at different redshifts. For instance, one could use distant supernovae or BAO at $z \sim
2% to see if the effective dark energy density was slightly higher in the past. If dark energy decays, then
going back in time (higher $z$) it was denser. This would mean the universe was a bit more accelerated at
$z\sim1$ than a constant-$\Lambda$ model expects, but then transitions to the same current acceleration
by $z=0$%. This subtle change could imprint on the CMB. The late Integrated Sachs-Wolfe effect (ISW) in the
CMB is sensitive to the growth or decay of gravitational potentials caused by evolving dark energy. If $
\Lambda$ is decaying, the gravitational potential decay rate would differ from $\Lambda$CDM. One could
look at the CMB large-scale correlations and cross-correlations with large-scale structure (the ISW effect) for
hints of this. Additionally, cluster counts at various redshifts might shift if dark energy changes the
expansion slightly differently over time. Preliminary analyses do allow a bit of non-constant equation-of-
state $w(2)$ (with $w$ close to -1). MNT's scenario would be effectively $w(z) > -1$ very slightly (since a
decaying $\Lambda$ acts like a slightly less negative pressure).

Falsifiability: If future observations show $\Lambda$ to be constant to high precision (e.g., $w =-1.000 \pm
0.002% with no evolution), that would put pressure on MNT's prediction of decay. However, because MNT
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only says “too small to detect now,” it may always hide behind the idea that $\tau_\Lambda$ is extremely
large. In principle, though, if $\tau_\Lambda$ were infinite (no decay), that would be a special case that
might require explanation (why would the lattice never lose that energy?). MNT leans on the expectation
that nothing quantum stays absolutely stable if not protected by a symmetry, so vacuum energy should
eventually dissipate - it's a philosophical stance turned into a prediction. Conversely, if hints of evolution in
dark energy are found (even tiny ones) and especially if they align with the functional form MNT suggests
(exponential decay into something), it would strongly support this aspect of the theory. For example, some
analyses of high-$z$ quasars BAO data suggest a slightly lower $H(z)$ at high redshift than $\Lambda$CDM
predicts 42 , which could be interpreted as being due to more dark energy in the past (which decayed by
now). While not definitive, such hints keep the door open for MNT'’s scenario.

In summary, MNT explains the magnitude of $\Omega_\Lambda$ naturally and uniquely predicts that
dark energy slowly “leaks” away 40 43 . The predicted decay rate is extremely low, so this is difficult to
verify in the short term, but it provides a clear falsifiable angle: even a tiny deviation from $w=-1$ or a shift
in $\Omega_\Lambda$ over billions of years would corroborate MNT's lattice vacuum picture. Additionally,
searching for any spatial dependence of dark energy (perhaps using regional measurements of cosmic
acceleration or detailed mapping of gravitational potentials) could be another way to test if the vacuum
energy is truly uniform or subtly influenced by matter distribution. MNT stakes a claim that classical GR
does not: that dark energy is an evolving, interactive component rather than a fixed background parameter

43 . This is a high-risk, high-reward prediction - one that future cosmological surveys (like LSST, Euclid, or
next-generation CMB experiments) will be able to probe more deeply. MNT will either gain credibility if
evidence of a dynamic dark energy emerges, or face challenges if $\Lambda$ remains indistinguishable
from a constant.

Proposed Experimental Validations

The extended MNT framework makes numerous predictions across scales - from subtle particle physics
effects to cosmological signatures. To maintain scientific credibility, it is crucial that these predictions be
testable. Here we outline several experimental and observational avenues to validate or falsify the new MNT
derivations. These proposals are grouped by domain, highlighting what unique signals might be sought
and how they tie back to MNT's assumptions. We stress a critical viewpoint: each suggested test is also an
opportunity for MNT to fail. We specifically choose experiments that could reveal even small deviations,
ensuring the theory remains vulnerable to falsification rather than being so flexible it evades disproof.

+ High-Energy Collider Signatures: Modern particle colliders (LHC and future machines) can search
for resonances and deviations in particle behavior that MNT predicts. One intriguing possibility from
MNT is the existence of second-generation dijet resonances - new particle states or collective
excitations that preferentially couple to second-generation quarks. For example, MNT's lattice might
support a resonance that mainly decays into charm-anticharm or strange-antistrange pairs (dijet
composed of second-generation quarks). This could appear as a bump in the invariant mass
spectrum of jets containing charm-quark signatures (or possibly as a resonance in muon-associated
events, since muons are second-generation leptons). The motivation is that the lattice modes for
second-generation particles might have a unique frequency that allows a resonant excitation. If such
a resonance exists (say at a few TeV mass), it would be an unmistakable sign not explained by the
Standard Model. Experiments can specifically analyze dijet events tagged by flavor (c-jets vs b-jets vs
light) to see if an excess stands out in one channel. A related collider observable is non-Gaussian
Higgs decay patterns. By this we mean any statistical anomaly in how the Higgs boson decays,
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beyond what quantum randomness would suggest. MNT's deterministic substructure implies that
processes like Higgs decays might not be truly random but could show subtle clustering or phase
patterns. One approach is to examine the distribution of Higgs decay times or angles for tiny
deviations from expected distributions. Additionally, MNT suggests the Higgs might have slightly
different branching ratios or total width than in the Standard Model due to lattice effects 44 . Though
current measurements of the 125 GeV Higgs haven't found discrepancies, the precision (several
percent level) still leaves room for small deviations. The upcoming high-luminosity LHC and future
colliders could measure the Higgs width and branching fractions to sub-percent accuracy. If MNT is
correct, we might detect a small deviation - for instance, a Higgs branching fraction to two photons
off by a few per mille from the Standard Model expectation, or an energy-dependent alteration of
decay rates. MNT does not predict large deviations (or they would be seen already), but any
statistically significant departure could support its lattice influence. Conversely, if no deviations in
Higgs decays or no flavor-specific resonances are found up to very high energy, parts of MNT's
parameter space will be constrained or ruled out. The Weinberg angle consistency can also be
tested at colliders: precision electroweak measurements (like processes sensitive to $
\sinA2\theta_W$ at different momentum transfers) could verify that MNT's predicted running
matches reality. Since MNT currently mirrors the Standard Model at tree-level for electroweak, this is
more a check that nothing weird happens - any observed deviation from the running of $
\sinA2\theta_W$ or the $W$ mass relationship beyond loop corrections would conflict with MNT
unless the lattice introduces its own loop effects.

Cosmological Observations: The cosmos provides a lab for testing the ultra-low energy predictions
of MNT, particularly the dark energy dynamics. CMB Angular Correlation Shifts: If dark energy
decays over time, it alters the late-time ISW effect. This would subtly change the large-angle
correlations in the CMB. Future CMB measurements (e.g. by CMB-S4 or others) could detect
anomalies in the angular power spectrum at large scales or in cross-correlations with galaxy surveys
that indicate a changing gravitational potential. Specifically, one might see a small excess ISW
correlation if $\Lambda$ was larger in the past (meaning more decay of potential wells recently).
BAO Phase Residuals: Baryon Acoustic Oscillations in the clustering of galaxies/quasars act as
standard rulers for expansion history. If $\Lambda$ was not constant, the BAO signal as a function
of redshift would deviate from the $\Lambda$CDM prediction. For instance, high-redshift BAO (e.g.
measured by quasars around $z\sim2$) might indicate a slightly different scale than expected when
compared to low redshift. Researchers have noted that certain high-$z$ BAO data prefer a
marginally lower $H(z)$ (Hubble parameter) than $\Lambda$CDM does 42 , which decaying dark
energy could account for. MNT would predict a specific redshift-dependent departure: we could fit a
decay model to coming BAO data from surveys like DESI and see if a consistent $\tau_\Lambda$
emerges. Even a hint of $\tau_\Lambda$ on the order of a few times the Hubble age (which might
appear as $w \approx -0.999% in a standard fit) would bolster MNT. Spatial Variation in Dark
Energy Density: To test this, one could compare cosmological parameters measured in different
environments. For example, use supernovae in voids vs in galaxy clusters to see if they exhibit any
difference in inferred distance at the same redshift (voids might expand slightly faster if dark energy
is more intense there, in one scenario). Another test is looking at the kinematic Sunyaev-Zel'dovich
(kSZ) effect: the kSZ can measure the growth of structure by how clusters’ motions distort the CMB.
A decaying dark energy that converts to matter will slightly enhance structure growth at late times,
leaving a kSZ imprint 45 . Studies of the kSZ effect can thus put limits on dark energy decay rate 45
- any detected extra growth or a dip in large-scale gravitational potentials can be cross-checked
against MNT's expectations. If MNT is right, we might discover that what we thought was a
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cosmological constant is actually a field with a tiny decay, and perhaps even see hints that regions
with different densities have minutely different expansion histories. If all such tests show no
difference from $\Lambda$CDM (no $w$ deviation, no environment dependence) to high precision,
then MNT's dark energy decay hypothesis would be seriously challenged.

Quantum Vacuum Experiments: Since MNT posits a discrete Planck-scale lattice underpinning
quantum fields, it offers novel ways to test vacuum physics in the lab. Resonant Vacuum
Fluctuation Injection: One proposal is an enhanced dynamical Casimir effect. In the dynamical
Casimir effect (DCE), moving a mirror at high frequency can convert vacuum fluctuations into real
photons. Standard physics requires extremely rapid motion (near GHz or higher) and typically yields
a broad spectrum of low-intensity radiation. MNT, by contrast, predicts the vacuum has resonant
modes - essentially standing wave modes in the lattice structure 46 . If one oscillates a boundary
(mirror or electromagnetic field) at a frequency matching one of these modes, one could get a
resonant amplification of photon production 46 . The signature would be a sharp peak in emitted
photon frequency when the drive frequency hits the resonance 47 . This resonance frequency might
be related to fundamental lattice constants; presumably it could be around frequencies
corresponding to particle masses or perhaps extremely high (GHz is far below Planck frequency, but
there might be intermediate resonances if the lattice has hierarchical structure). An experiment
could use a superconducting cavity with a rapidly oscillating boundary or dielectric to search for
excess photons at specific frequencies. If a pronounced peak is found that cannot be explained by
standard DCE, it would be evidence of vacuum substructure as MNT posits. The absence of any
resonance puts a lower bound on how large the lattice resonant frequencies might be (potentially
pushing them beyond accessible ranges, which would be consistent with a Planck-scale lattice).
Phase-Gated Casimir Force Deviation: The Casimir effect (static) is another vacuum phenomenon
where two uncharged plates experience an attractive force due to quantum fluctuations. MNT
suggests space is discrete, which could impose a cutoff or periodicity on allowable vacuum modes. If
one could “gate” the phase of vacuum modes - for example, by using a Casimir cavity with a
transparent oscillating medium that only allows certain phase relationships - one might detect a
slight difference from the continuous theory’s force. One concrete idea: measure Casimir forces in
cavities of slightly different configurations (one with an extra reflective layer introducing a phase
shift) to see if the force deviates beyond standard QED predictions. If the lattice spacing $a_0%
effectively cuts off modes below some wavelength, then as the plate separation gets below some
micron or nanometer scale, the force might not increase as quickly as expected. Experiments at sub-
micron separations could thus reveal a departure that signals the lattice. Current Casimir force
measurements agree with theory to a few percent at >100 nm scales, which mostly sets bounds on
$a_0% being smaller than that scale. More precision or shorter distance experiments could tighten
this. Also, if MNT's lattice has any resonant frequency in the EM zero-point spectrum, a “phase-gated”
experiment might excite it and see a non-Newtonian oscillatory force component. Low-Field
Schwinger Effect Thresholds: The Schwinger effect is the predicted spontaneous creation of
particle-antiparticle pairs (like $e/+eA-$) from vacuum in a static electric field once the field strength
is enormous ($\sim10/7{18}$% V/m). MNT hints that due to lattice resonances, this threshold might
effectively be lowered in certain conditions 48 . For instance, if one uses high-intensity lasers to
combine multiple lower-energy photons (multi-photon Schwinger effect), standard theory sets a
threshold on the intensity and frequency needed. If the vacuum is a lattice, perhaps at some
resonance the pair production becomes easier (like hitting a phonon mode in a solid, making it
easier to break a bond). Therefore, an experimental campaign with ultra-strong lasers (such as those
at facilities like ELI or SLAC) could scan for pair creation at fields below the classical threshold by
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varying the field oscillation frequency. If a noticeable yield of pairs or photons occurs at a sub-
threshold field when a certain frequency is applied, it could indicate a lattice resonance aiding the
process 48 . This would be revolutionary evidence of vacuum structure. On the flip side, if upcoming
experiments reach deep into the predicted regime (e.g., combine optical and X-ray lasers to test
multi-photon pair production) and find nothing but the standard exponential suppression, it will
constrain MNT's proposal - likely implying that any lattice resonance is at frequencies higher than
tested or that the lattice coupling to EM fields is weaker than hoped.

These experimental validations underscore an important virtue of MNT: it is testable on multiple fronts.
Unlike some theories that reside almost entirely in unobservable realms (e.g. certain multiverse ideas), MNT
makes bold claims that can be checked by data. Each of the above bullet points can be seen as a potential
falsification point. For example, if precision Higgs measurements show no deviation at the $10/{-3}$ level
and no new resonances up to, say, 10 TeV, then MNT would either need to explain why its expected
deviations were absent (perhaps requiring parameters to be adjusted) or concede a failure in its
predictions. If dark energy remains perfectly constant with $w=-1$ to within $0.1\%$ over cosmic time,
MNT's dark energy decay idea would be essentially ruled out or require $\tau_\Lambda$ so high that it
becomes metaphysical. If advanced vacuum experiments show absolutely no hint of discreteness (no
resonances, no cutoffs) even as they probe scales approaching the Planck regime (through clever high-
energy processes), then the notion of a lattice might be severely constrained. In all these cases, MNT is
risking falsification - which is how a scientific theory should behave.

Conclusion and Outlook

In this companion manuscript, we have extended the Matrix Node Theory framework into new territory:
deriving the fine-structure constant, weak coupling, flavor mixing parameters, and cosmological constants
from the first principles of a Planck-scale lattice. We have done so rigorously yet cautiously, emphasizing
the logical flow and identifying where new assumptions enter the stage. The fine-structure constant $
\alpha$ emerges as a true success of MNT - a dimensionless number obtained essentially exactly from
lattice geometry, reinforcing the claim that MNT can eliminate arbitrary parameters & 16 . The derivation
relies on matching the lattice’s emergent electromagnetic mode to physical light, and any slight discrepancy
(currently $<107{-6}%$) is attributed to higher-order effects, which future refinements could potentially
calculate. On the other hand, the weak coupling $g$ and electroweak scale $v$, while accommodated by
MNT, expose a weakness: they required a degree of tuning in the present model. We saw that $m_W$ and
$m_Z$ came out right by effectively inputting $v=246% GeV 24, meaning MNT has yet to reduce the
electroweak symmetry breaking puzzle to something more fundamental - it essentially mirrors the
Standard Model by including a Higgs-like lattice potential. This is not a failure per se (the theory is at least
consistent with electroweak data), but it highlights an area for improvement. A more advanced MNT might
aim to predict the Higgs mass or the VEV from deeper lattice considerations (perhaps relating them to the
cosmological constant or some critical scaling in the lattice). Until then, we must regard the electroweak
sector derivations as incomplete: powerful in that they show the lattice can replicate known physics, but not
yet delivering new calculated numbers.

The CKM matrix and flavor mixing remain largely un-derived. We proposed a possible mechanism of
mode overlap to generate mixing, and while it qualitatively could explain patterns (e.g. why $V_{cb}$ is
small if top is very different), it introduces essentially as many parameters as it explains. We were frank that
currently MNT does not eliminate the flavor problem - the theory can incorporate quark and lepton masses
and mixings, but it hasn't provided a simplification or relation that we can test. In a critical tone: this is a
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major open challenge for MNT. The Standard Model's 18 free parameters 31 (masses, mixings, etc.) are not
all reduced in count by moving to MNT; at best, some (like $\alpha$ or $\Lambda$) are explained, while
others persist. For MNT to claim a true “Theory of Everything,” it will need to either find symmetries in the
lattice that enforce specific mixing patterns or derive relationships (for example, connecting quark mixing
to lepton mixing, or linking particle masses to cosmological parameters, etc.). We identified neutrinos as a
place where MNT shows promise - a natural reason for small masses and large mixings via small lattice
coupling - but again the actual values were fitted, not predicted 37 35 .

Throughout the manuscript, we have maintained an emphasis on transparency. Whenever a constant was
not purely a prediction, we said so. Whenever an assumption was made (like including a $U(1)$ term, or a
node self-interaction potential of a certain form), we highlighted that as a choice that could be questioned.
This transparency is crucial because it delineates which parts of MNT are robust and which parts are
provisional. It allows experimentalists to know where to probe: e.g., MNT currently cannot tell you the exact
CKM angles, so any pattern there is not yet a do-or-die test of MNT; but MNT does tell you $\alpha$ should
be exactly 1/137.036 with essentially no deviation except from known QED effects - a test at the millionth
decimal place of $\alpha$ (through say electron $g-2% or quantum Hall experiments) could thus test MNT's
claim that no new physics alters $\alpha$ at that level.

Finally, we put forward experimental proposals not as mere afterthoughts but as integral parts of the
theory’s development. MNT does not live in a vacuum (no pun intended) - it either will garner empirical
support or it will be refuted. We outlined collider tests (new resonances, Higgs decays), cosmology tests
(dark energy dynamics, spatial effects), and quantum tests (vacuum resonance phenomena). These cover a
broad spectrum: some can be done in the near future (e.g. analyzing LHC run-3 data for anomalies, or
measuring Casimir forces with novel setups), while others are longer shots (observing dark energy change
or a Planck-scale effect). The crucial point is that MNT makes itself vulnerable to falsification, which is a
healthy scientific trait. As a rigorous skeptic, one should indeed attempt to falsify it: if none of the predicted
effects show up where they should, confidence in the theory would justifiably diminish. On the other hand,
if even one of the signature predictions - say, a resonant Casimir photon burst at a particular frequency 46 ,
or a statistically significant clustering of particle decay times 49 - is observed, that would lend enormous
credence to MNT's underlying concept of a discrete phase-regulated universe.

In conclusion, this extended derivation and prediction compendium for Matrix Node Theory shows both the
power and the limitations of the current framework. We have seen that a simple lattice model can
surprisingly yield correct values for some of nature’'s most enigmatic numbers (like $\alpha$ and $
\Lambda$) & 7 , hinting that this approach is more than just curve-fitting - it may be capturing
something real about how our universe is built. At the same time, we have been unflinching in pointing out
where MNT relies on tuning or has yet to deliver a promised unification (the flavor sector being the prime
example). The tone we take is one of critical optimism: we do not assume MNT is true, but we
acknowledge it has earned a closer look by its successes so far. The coming years of experimentation will be
crucial. MNT has put many of its cards on the table; it has told us, with concrete examples, “here is how you
can prove me wrong.” It now falls on the community to undertake those tests. If MNT passes several of
them, especially in areas where the Standard Model is silent (like the specifics of dark energy or new subtle
quantum effects), then physics may indeed be on the cusp of a paradigm shift. If it fails, the lattice idea may
need revision or abandonment - but either outcome yields knowledge. In the spirit of scientific skepticism,
we have charted exactly what it would take for us to be convinced either way. MNT's fate will be determined
by nature's answers to these focused questions, and that is how it should be.
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dark energy models 42 to enhanced Casimir and Schwinger effects 46 48 . By combining these sources
with logical extensions, we have endeavored to produce a manuscript that is not only comprehensive and
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T MNT A Validated Theory of Everything: Unifying Quantum Mechanics and General Relativity
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Derivation%200f%20Physical%20Constants%20and%20Mechanism.pdf

28 29 jmg1.wsimg.com
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31 particle physics - Can the CKM quark mixing matrix be derived? - Physics Stack Exchange

https://physics.stackexchange.com/questions/610188/can-the-ckm-quark-mixing-matrix-be-derived

33 [PDF] Cabibbo-Kobayashi-Maskawa Matrix of Flavor Mixing - UT Physics
https://web2.ph.utexas.edu/~vadim/Classes/2024f-qft/CKM.pdf

42 [1610.05192] Metastable Dark Energy with Radioactive-like Decay
https://arxiv.org/abs/1610.05192

45 Observational consequences of dark energy decay - NASA/ADS
https://ui.adsabs.harvard.edu/abs/2014PhRvD..89f3009P/abstract

49 Paradigm Shift Results

https://jremnt.com/paradigm-shift-results
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