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Fundamental Constants in MNT-Refined: Novel
Derivations and Comparisons

Matrix Node Theory (MNT-Refined) is a deterministic lattice-based framework that aims to derive many
fundamental constants from first principles. Unlike standard Quantum Field Theory (QFT), General Relativity
(GR), or string theory - which typically take these constants as inputs or derive them in more abstract ways -
MNT uses a discrete network of nodes and a unified interaction law to compute or emerge physical
constants. Below we summarize 50+ key constants/quantities and how MNT-Refined derives them, why
those derivations are unusual, their theoretical significance, how they compare to experimental values, and

broader implications if MNT is correct. We organize them by category for clarity.

Basic Physical Units and Constants

« Speed of Light ($c$) - Derivation in MNT: Defined by the maximum signal speed on the node lattice.
MNT sets one lattice spacing per time “tick” equal to $c$ ' . In essence, the lattice’s spacing $a_0%
and fundamental time-step are chosen so that light (a node excitation) travels to an adjacent node in
one tick. Why unusual: In relativity, $c$ is an assumed universal constant; here it is built into the
discrete structure of space-time. Significance: It provides a natural unit conversion - distance per tick
- anchoring physical units to the lattice. Value vs. experiment: Exactly $299,792,458~\text{m/s}$ by
construction 2 , matching the defined value. Implications: Shows MNT is consistent with Lorentz
invariance at large scales - no violation of $c$ - despite having a preferred lattice frame (any tiny
anisotropy would appear only near the Planck scale). This anchors the lattice to physical reality
without contradicting special relativity.

Planck’s Constant ($\hbar$) - Derivation in MNT: Emerges as the fundamental quantum of action on
the lattice 3 . One node's base oscillation is associated with one unit of action. By calibrating the
node oscillation frequency to known atomic transition frequencies, MNT identifies this action
quantum with $\hbar = 6.62607015\times107{-34}$ J.s 4 . Why unusual: In standard quantum
theory, $\hbar$ is an axiomatically fixed constant (setting the scale of quantum effects). MNT,
however, generates $\hbar$ from the properties of its deterministic oscillators. Significance: Tying $
\hbar$ to a lattice’s dynamics suggests quantum behavior (like discrete energy levels) stems from an
underlying deterministic substrate. Value vs. experiment: MNT's $\hbar$ matches the CODATA exact
value by construction 5 . Implications: If $\hbar$ truly emerges this way, it means quantum
mechanics could be an effective description of a deeper deterministic system - a striking paradigm
shift giving a concrete origin to the “quantum” of action.

Planck Length / Lattice Spacing ($a_0$) - Derivation in MNT: Defined via gravity-quantum interplay.
MNT chooses $a_0$ such that the lattice reproduces the Planck length $\ell_P$ scale. Using the
known $\hbar$ and $c$, they set $a_0 \approx \ell_P \approx 1.616\times107{-35}$ m. Why unusual:
In quantum gravity, $\ell_P$ is usually derived from dimensional analysis ($\ell_P = \sqrt{\hbar G/
c~3}$). MNT instead assigns this as the literal spacing of discrete space. Significance: It provides a
physical minimum length - the lattice constant - below which space as we know it no longer exists.
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Value vs. experiment: $a_0$ is not directly measured, but by choosing $a_0 = \ell_P$, MNT ensures its
predictions align with known constants (as seen with $G$ below). Implications: This built-in cutoff
automatically regularizes high-energy phenomena (no infinitely small distances), potentially
resolving divergences in QFT. It implies new physics should appear near the Planck scale (since the
lattice structure would become evident), though none has been observed below that, consistent with
this being an extremely tiny length.

Newton'’s Gravitational Constant ($G$) - Derivation in MNT: Not an independent input - it emerges
from the lattice scale. With $a_0$ set and using $c$ and $\hbar$, MNT obtains $G = \frac{a_0/2 c/3}
{\hbar}$. Plugging $a_0\approx\ell_P$ yields $G \approx 6.6743\times10/{-11}$ m3/kg-s?, matching
the CODATA value within experimental uncertainty. Why unusual: In GR, $G$ is a fundamental
constant measured from gravity experiments, and in theories like string/M-theory, it's related to
extra-dimensional geometry but still essentially a parameter. MNT derives $G$ from more primitive
quantities ($a_0, \hbar, c$). Significance: It bridges quantum units and macroscopic gravity in a
natural way - essentially showing that gravity’s strength is a consequence of the discrete space-time
grain. Value vs. experiment: Within $2\times107{-5}$ of the measured value, which is within
measurement error. Implications: If $G$ is fixed by $a_0%, it suggests no adjustable “gravitational
coupling” - quantum and gravity scales are inherently linked. This could explain why gravity is so
weak (the lattice spacing being so small dilutes its effect until huge masses are involved), and it
means any variation of $G$ over time would tie to changes in fundamental lattice parameters (which
MNT does not posit, keeping $G$ stable). It also means once you set the lattice constants, gravity is
not a free parameter, enhancing the theory's predictive rigidity.

Planck Time (Lattice Time Quantum) - Derivation in MNT: The fundamental time-step $\Delta t$ is
set such that light travels one lattice spacing in one step. With $a_0 = \ell_P$ and $c$, this yields $
\Delta t = \ell_P/c \approx 5.39\times10/{-44}$ s (the Planck time). Why unusual: Physics usually treats
time as continuous; here time is discrete with a smallest interval. Loop quantum gravity and some
discrete models also hypothesize a Planck-scale time quantum, but MNT builds it into the structure
from the start. Significance: A discrete time-step provides a natural UV cutoff in frequency - no
processes shorter than $\Delta t$ can occur, avoiding infinities. It also gives an interpretation to
time's flow: “ticks” of the universal lattice clock. Value vs. experiment: Not directly measurable, but no
deviation from continuous time has been seen up to ~$107{-20}$ s scales, so if $\Delta t$ exists it
must be at or below $10/{-44}$% s, consistent with MNT's Planck-time choice. Implications: Suggests
that apparent continuous time emerges from many tiny discrete steps. If experimentally one day
high-frequency gravitational wave dispersion or Lorentz-violation hints appear at ~$107{43}$ Hz, it
could indicate this underlying tick. However, currently MNT's discrete time is completely hidden in
low-energy experiments, which is necessary to recover ordinary relativity and quantum mechanics.

Planck Mass (Natural Mass Unit) - Derivation in MNT: The Planck mass $m_P = \sqrt{\hbar c/G}$ is
an emergent scale once $\hbar, ¢, G$ are fixed. With MNTs values, $m_P \approx
2.176\times107{-8}$ kg (about $1.22\times107{19}$ GeV). In MNT this scale corresponds roughly to
the energy contained in one lattice cell at the threshold of black hole or particle formation. Why
unusual: In normal physics, $m_P$ is a derived combination of constants, not “built” into a theory. In
MNT, because $a_0$ is at $\ell_P$, $m_P$ becomes the fundamental mass scale of the lattice.
Significance: It indicates the scale at which quantum and gravity effects converge - essentially the
mass of a node-sized black hole. MNT's lattice provides a physical interpretation: it's the mass-energy
that would occupy a single node spacing with energy density at the collapse threshold (see Collapse



Threshold below). Value vs. experiment: Not directly observed (we cannot create $107{19}$ GeV
particles), but it's consistent with the expectation that new physics (perhaps lattice effects or
quantum gravity) show up near this scale. Implications: All particle masses in MNT are fractions of the
Planck mass determined by how energy is bound in the lattice. The smallness of everyday particle
masses (~GeV or less) compared to $m_P$ arises naturally from how difficult it is to concentrate
energy into one lattice cell before collapsing into a black hole-like state. This offers a fresh
perspective on why the Planck mass is so huge: most bound states (particles) are “loosely” bound
compared to that extreme, and only at energies near $m_P$ would radically new phenomena (like
lattice black holes or trans-Planckian resonances) appear.

Gauge Couplings and Charges

* Fine-Structure Constant ($\alpha$) - Derivation in MNT: $\alpha$ (the electromagnetic coupling $
\approx 1/137.03569%) is not input but emerges from lattice parameters that also determine other
forces. In practice, MNT fixes $\alpha$ by calibrating the lattice’s electromagnetic interaction
strength to match one precise measurement (e.g. the electron’s atomic transition data or Coulomb
force at atomic scale). Once set, MNT reports $\alpha = 7.29735\times10/{-3}$ exactly 6 , which is
$1/137.036%, matching the CODATA value $7.29735256(11)\times107{-3}$ 7 8 . Why unusual: In
QED, $\alpha$ is an unexplained fundamental constant (or running parameter determined
experimentally). Grand-unified theories can predict $\alpha$ at high scales but require fine-tuning to
get the low-scale value. MNT, by contrast, ties $\alpha$ to the geometry and coupling of the lattice -
a single unified coupling gives rise to the observed $\alpha$ at low energy. Significance: If a discrete
model can explain $\alpha$, it addresses a major mystery (why $1/137$?). It implies $\alpha$ is not a
random “just-so” number but fixed by deeper physics (the lattice spacing and coupling). Value vs.
experiment: Within experimental error - essentially exact within the $107{-7}$ uncertainty of $
\alpha$ 9 & . Implications: A derived $\alpha$ means the electric charge strength is no longer
free. This could allow MNT to predict slight shifts of $\alpha$ at different energies (a running),
possibly matching QED’s running. If MNT truly nails $\alpha$ from first principles, it would be a huge
credibility boost, showing that electromagnetism is an emergent phenomenon of a deterministic
network rather than an independent gauge symmetry postulate.

Elementary Charge ($e$) - Derivation in MNT: The electron’s charge is related to $\alpha$ by $\alpha
= eN2/(4\pilvarepsilon_0 \hbar c)$. Once MNT fixes $\alpha$ and retains classical unit conventions, it
yields $e \approx 1.602\times107{-19}$ C (the correct fundamental charge). Deeper, MNT explains
charge as a pattern in node oscillations: certain node configurations carry an effective $U(1)$ phase
rotation that manifests as electric charge 10 . For example, an electron’s node-pair bound state
oscillates in a pattern that produces a long-range Coulomb field - thus “having charge.” Why unusual:
In the SM, $e$ (or $\alpha$) is just a parameter; charge quantization is explained by gauge group
assignments but the value is not derived. Here, charge - including its quantization - stems from the
discrete network’s allowed oscillation modes. Significance: It demystifies why charge comes in fixed
quanta: each node excitation either has the pattern corresponding to charge or not (no continuous
variation). The exact value of $e$ emerges from matching that pattern’s interaction strength to
observed EM interactions. Value vs. experiment: By construction matches the known charge to high
precision (since $\alpha$ does) - e.g., $e_{\text{MNT}} = 1.602176634\times10/{-19}$ C (exact by
2019 redefinition via $\hbar$ and $\alpha$). Implications: If charge is an emergent property, things
like charge conservation have a deeper origin in lattice energy conservation, and the existence of
discrete charges (electron, proton etc.) corresponds to allowed node configurations. It could even
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hint at why we don't see free fractional charges (aside from quark composites): perhaps the lattice
doesn’t support isolated fractional-charge patterns, enforcing confinement. This offers a new route
to understanding charge quantization and may unify it with space-time structure.

Unified Lattice Coupling ($\lambda$) - Derivation in MNT: MNT posits a single fundamental
coupling parameter in its energy functional. For instance, in a two-node potential they use
$U(\theta,x) = -\\lambda \cos\theta \, er{-x/r_0}$ 17, where $\lambda$ is the overall interaction
strength. This $\lambda$ (along with other lattice parameters like $r_0$) is tuned such that one
configuration - say the two-node bound state - reproduces a known quantity (electron’s mass, see
below). Once set, $\lambda$ also dictates the strength of other forces effectively. Why unusual: In the
Standard Model, we have multiple gauge couplings (for $U(1), SU(2), SU(3)$) that are independent
inputs (though SUSY-GUTs unify them approximately at $107{16}$ GeV). Here, one $\lambda$
underlies everything - a true coupling unification at the Planck lattice scale. Significance: This is
conceptually like a built-in Grand Unification. It means that at fundamental level, all interactions are
the same kind (just node-node interactions) - the differences (EM vs strong vs weak) arise from how
nodes organize (phase relationships, etc.) rather than different fundamental forces. If $\lambda$ is,
say, on the order of 1, it explains why the forces might converge in strength at high energy. Value vs.
experiment: MNT doesn't directly output a number for $\lambda$ in familiar terms, but by fitting one
data point it effectively finds $\lambda$. For example, fixing $\lambda \approx 0.1$% (arbitrary
example) might yield the observed $\alpha$ and particle masses. The key is consistency: one $
\lambda$ gives many outputs that agree with data. This seems to hold: MNT's chosen $\lambda$
and lattice spacing allow it to match a wide array of constants simultaneously 12 . Implications: If one
coupling unifies everything, then at extremely high energies all forces truly unify without the need
for extra gauge bosons or symmetry breaking - they're literally the same interaction. It could remove
the need for a separate GUT force and eliminate issues like monopoles or proton decay (which come
with typical GUTSs). It also means any running of couplings in low-energy effective theory would have
to converge to a single value by the Planck scale. MNT achieving this qualitatively (theoretical
couplings meet at lattice scale) would strongly support the idea of a deterministic unified theory.

Node Interaction Range ($r_0$) - Derivation in MNT: $r_0% is a parameter in the node potential
$U(B,x)$ that sets the spatial range of the interaction 17 . In the example above, $e/r{-x/r_0}$
suggests nodes primarily interact with neighbors up to a characteristic distance $r_0$. MNT chooses
$r_0% on the order of the lattice spacing (or a few $a_0%) to best fit particle properties. For the
electron’s binding, they found a stable equilibrium at $x = a_0$ for $r_0$ of that order 13 14 . Why
unusual: In quantum field theories, forces are typically either long-range (photon, graviton) or short-
range because of massive mediators (weak force ~ $M_WA{-1}$). Here the “force law"” is neither pure
$1/rA2% nor simple Yukawa - it has a built-in length scale $r_0$. This is reminiscent of an
intermolecular force or a lattice Yukawa cutoff. Significance: $r_0%$ allows MNT to adjust how quickly
interactions fall off on the lattice. For example, a small $r_0$ means nodes only significantly
influence very nearby nodes - which could correspond to something like the short range of the
strong force (confinement scale). A larger $r_0$ could correspond to interactions like
electromagnetism being effectively long-range on macroscopic scales. By having multiple terms or
modes, MNT could simulate both short-range strong binding and long-range Coulomb-like tails.
Value vs. experiment: Not directly measurable, but it's set so that bound states have the correct size/
energy. For instance, if $r_0 \sim a_0$, the electron’s binding energy came out 0.511 MeV 15 . If one
imagined $r_0$ differently, one might get different masses - so it's tuned accordingly. Implications: A
finite interaction range in a fundamental theory is interesting: it could provide a physical reason for
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why the strong force has a range (if beyond a few lattice units the interaction weakens, mimicking
confinement). It might also regularize self-interactions (no influence at exactly zero separation
beyond some point). Essentially $r_0% could be related to the Compton wavelengths or size of
particles MNT produces. If MNT is right, $r_0% and $\lambda$ are new fundamental constants of
nature - though not directly observable, they are the knobs that nature set to yield the Standard
Model.

Intrinsic Chaotic Fluctuation (Quantum Noise Level) - Derivation in MNT: MNT introduces a tiny
deterministic chaos term in the node dynamics to effectively emulate quantum uncertainty 16 . In
other words, while the evolution is deterministic, each node has an “intrinsic jitter” or complex phase
behavior that leads to unpredictable outcomes akin to quantum probability. This can be
characterized by a parameter (call it $\gamma$) indicating the amplitude of these chaotic
fluctuations. Why unusual: Standard quantum theory doesn’t have a “noise amplitude” - it postulates
true randomness via the wavefunction collapse or the Born rule. The only analog might be hidden
variable theories or ‘'t Hooft's deterministic models that include a mechanism for apparent
randomness. MNT's approach is non-standard in that it consciously introduces a small chaotic term
to recover statistical quantum behavior while remaining globally deterministic. Significance: This
parameter $\gamma$ would be tuned so that the distribution of outcomes (like decay times,
scattering angles) matches quantum mechanical probabilities. Essentially, it ensures MNT's
predictions aren't sharply deterministic where they shouldn't be. If too low, the theory would look
too classical (predicting definite outcomes rather than probabilistic distributions); if too high, it
would violate observed coherence (too much randomness). Value vs. experiment: MNT likely sets $
\gamma$ such that it's just enough to produce e.g. the observed spread in particle decay times and
double-slit interference patterns. This isn't a single number one can easily compare (it might be
embedded in the equations). But one can say qualitatively MNT's $\gamma$ is small - because
quantum fluctuations are subtle (e.g., need many measurements to see probabilities). Implications: If
this works, it means quantum probabilities are not fundamental but emerge from complex
deterministic chaos. It would fundamentally alter how we interpret quantum mechanics, eliminating
true indeterminism. Also, it would imply that on some level (maybe unobservable directly), the
universe has hidden deterministic states and the uncertainty we see is like a coarse-grained effect.
Verifying this would be extremely hard - it might require detecting tiny deviations from perfect Born-
rule statistics or subtle correlations that standard QM wouldn't predict. Nonetheless, this conceptis a
cornerstone of MNT's claim to unify quantum and classical worlds.

Particle Masses and Quantum Properties

+ Electron Mass ($m_e$) - Derivation in MNT: In MNT, an electron emerges as a bound state of two
nearly massless nodes oscillating in phase. Solving the two-node system with a cosine potential,
MNT finds a stable binding energy $E_b$ when the nodes are one lattice spacing apart (i.e. a
“localized” two-node system) 13 17 . By adjusting the coupling $\lambda$ and range $r_0% in
$U(\theta,x) = -\lambda \cos\theta\, er{-x/r_0}$, they set the binding energy $E_b \approx 0.511%
MeV 15 . Then $m_e = E_b/c”2 \approx 0.511% MeV/$cA23%, matching the electron’s rest mass.
Essentially, all of the electron’s mass is the potential energy of the bound nodes (they assume bare
node mass $m_0\approx0$). Why unusual: The Standard Model gives the electron mass by Yukawa
coupling to the Higgs field (an input parameter ~ $y_e=2.94\times107{-6}$). There’s no deeper
reason for its value except experimental fit. MNT's derivation is deterministic: the electron’s mass is
not fundamental but an emergent energy of a “node-pair” oscillation. Significance: This is a concrete
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example of mass from pure energy (akin to how binding energy adds mass to nuclei, but here
binding energy is the entire mass). It ties the electron’s mass to the Planck-scale lattice parameters
instead of a free parameter. Value vs. experiment: $m_e(\text{MNT}) = 0.5110$ MeV/$c 2% 18,
essentially exact (the PDG value is 0.510999 MeV/$cA2${ '8 ). MNT achieves this by an appropriate
choice of $\lambda, r_0$ - which are then fixed for other predictions. Implications: If the electron
mass is indeed an emergent binding energy, it suggests all particle masses might be explained as
resonant energies in a cosmic lattice. It also means that if the lattice parameters were different,
electron mass would differ - possibly connecting to anthropic reasoning if one explores “what if”
scenarios. For now, it shows MNT can reproduce a basic constant of nature from a simple model,
lending credence to the approach. It also indicates that the Higgs field in MNT is not giving mass to
the electron in the usual sense - rather, the Higgs might itself be an emergent mode (see Higgs item)
and the electron’s energy is from a direct coupling of nodes. This paradigm shift could unify the
concept of inertial mass (in $F=ma$) with binding energy at the fundamental level.

Muon Mass ($m_\mus$) - Derivation in MNT: The muon is interpreted as a heavier oscillation mode or
perhaps a similar two-node bound state but with a different coupling configuration. MNT suggests
that by altering parameters (e.g. a stronger effective coupling or slight node phase difference), one
can achieve a binding energy equal to the muon mass (105.66 MeV). In principle, using a similar
formula for $E_b$ with a different $\lambda$ or an excited-state resonance of the two-node system
yields $m_\mus$. (For example, a higher mode of oscillation might produce a higher energy solution.)
MNT documentation notes that analogous calculations with different coupling setups can produce
masses of heavier leptons 17 . Why unusual: In the SM, the muon mass is also given by a Yukawa
(about $y \mu=0.6\times10/{-3}$) with no explanation for why it's that much heavier than the
electron. MNT's approach is unusual because it imagines the muon as not a fundamental separate
particle with independent mass, but as the same basic constituents (nodes) bound in a different way
(perhaps a higher harmonic or tighter binding). Significance: This indicates that generational mass
scaling (electron -> muon -> tau) might come from successive solutions of the same underlying
dynamical equation, rather than three arbitrary Yukawa constants. If MNT can quantize the possible
binding energies, it might derive the muon/electron mass ratio (~206.77). Value vs. experiment: MNT
would target $m_\mu \approx 105.66% MeV/$c/2%$. While we don't have the exact method in their
text, presumably they tune the next solution to that. The fact that they claim to match lepton
properties suggests success: e.g. they mention correctly getting muon decay ratios (which require
the correct muon mass) 19 . Implications: If the muon’s mass is derived, the theory can also predict
its exact lifetime and decay modes (which depend on $m_\mu$ and coupling structure). Indeed, MNT
boasts it yields the correct muon lifetime (see below) and branching ratios 1 , indirectly confirming
$m_\mus$ is handled right. A derived muon mass means the second generation is not a mystery but
a necessary outcome of the lattice dynamics - perhaps indicating an explanation for why there is a
second generation at all. It might be an excited state of the electron’s configuration, which if true,
could mean muons are literally excited electrons in this framework (an experimentally testable but
currently unsupported idea, since in reality electrons and muons don't interconvert spontaneously).
Nonetheless, nailing the muon mass is a major test: any deviation would falsify MNT quickly, so the
agreement at least at the level of measured value shows internal consistency.

Tau Mass ($m_\tau$) - Derivation in MNT: Similarly, the tau lepton (1776.86 MeV) is expected to
emerge as an even higher-energy node-bound state. Perhaps involving more nodes or a higher
harmonic oscillation of two nodes that yields a much larger binding energy. The MNT text alludes
that heavier leptons can be produced by analogous calculations 20 . The tau would be the third
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allowed energy level of this system. Why unusual: The tau is 17x heavier than the muon; in the SM
this comes from an arbitrary Yukawa ~$y_\tau=0.010%. In MNT it would come from the same
underlying structure as $e$ and $\mu$ with no new fundamental parameters. That's unconventional
because normally one would need to put in a separate parameter for tau. Significance: Reproducing
$m_\tau$ demonstrates that the lattice can handle large jumps in energy scales in a controlled way.
It would strengthen the case that all three generations of leptons are unified in one framework.
Value vs. experiment: If MNT is successful, $m_\tau$ emerges as ~1777 MeV/$c*2$ (within the small
experimental error). They have indicated tau lifetime and decays also come out right 27, which
means $m_\tau$ must have been essentially correct since the lifetime is very sensitive to it.
Implications: A derivable tau mass means no lepton is “beyond” MNT's reach. It suggests that
perhaps no further charged lepton generations exist (the lattice likely only supports three resonant
levels in that pattern, matching the observed three generations). It also means any anomaly in
lepton universality (see $g-2$ or $R_K$ anomalies) would have to be explained by lattice effects
rather than new fundamental leptons or forces, since the structure is rigid. So far, MNT's agreement
with SM-like couplings (it gives “SM-like” Higgs couplings and electroweak observables 22 23)
implies it hasn't introduced deviations in tau interactions either. This is good: tau behaves as
expected, just arising from a novel mechanism.

Up/Down Quark Masses ($m_u, m_d$) - Derivation in MNT: MNT does not explicitly list light quark
masses, but since it claims to reproduce hadron masses (like the proton, pion, etc.), it implicitly must
accommodate the effective masses of up and down quarks (a few MeV each). In the lattice, an up or
down quark would be modeled as a small oscillation or weakly bound multi-node structure, whose
effective mass is low. Because the proton’s mass is much larger than $m_u+m_d$, MNT likely
attributes most of a proton's mass to node binding energy (analogous to how electron mass was
binding energy). Thus $m_u, m_d$ in MNT might correspond to tiny perturbations - possibly even
effectively near $0$ - with the nucleon mass emerging largely from lattice binding (see Proton mass
below). Why unusual: In QCD, defining an exact $m_u, m_d$ is tricky (they are running masses ~2-5
MeV at a scale), and they are just parameters in the QCD Lagrangian. MNT would instead have the
lattice interactions naturally produce nucleons of the right mass without needing to insert those
quark masses by hand. That suggests up/down quarks in MNT have almost negligible intrinsic mass
(which is consistent with reality: most of a proton’s 938 MeV is binding energy, not the ~$10$ MeV
from quark masses). Significance: If up/down masses are emergent, MNT would explain the proton-
neutron mass difference (2.3 MeV) perhaps through slight differences in node oscillation patterns
(analogous to an electromagnetic self-energy difference). This would be a new way to get isospin
breaking without explicitly different quark masses. Value vs. experiment: Empirically, $m_u \sim 2.3%
MeV, $m_d \sim 4.8% MeV (at 2 GeV scale). MNT would need to show that whatever effective mass it
gives to the simplest lattice excitation corresponding to $u,d$ is in this ballpark when extracting
scattering data. While not reported explicitly, the fact that MNT can form protons and pions means it
must be consistent with light quarks being light. Implications: A successful account of light quarks
means MNT can handle chiral symmetry: QCD’s light quarks are tied to chiral symmetry breaking and
pions as Nambu-Goldstone bosons. MNT's node pairs could reproduce that physics - perhaps the
lattice oscillation threshold $\tau$ is so high that low-energy node-pairs (like $u,d$ combos) barely
mass out and thus behave like nearly massless particles, giving pions that are light. This would unify
the origin of both lepton and quark masses as energy of node resonances, and possibly explain why
$m_u, m_d$ are much smaller than the proton mass (the lattice might enforce that fundamental
“bare” masses are near zero, with nearly all mass coming from binding). This could solve the
hierarchy in QCD masses from a new angle.
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+ Strange Quark Mass ($m_s$) - Derivation in MNT: The strange quark (about 95 MeV effective mass)
would similarly be an emergent oscillation mode on the lattice, perhaps a more tightly bound or
differently phased node cluster than $u,d$. To produce strange-containing hadrons (kaons, etc.),
MNT must yield an effective strange quark mass on the order of tens of MeV. Possibly this comes
from a node pair/triplet with a slightly higher binding energy than the $u,d$ configuration, giving it
a bit more mass. Why unusual: The SM simply treats $m_s$ as a parameter (~0.1 GeV). MNT would
derive it from the same fundamental lattice interactions. Significance: Getting $m_s$ right is essential
for matching kaon masses, strange baryon masses, and many decay rates. It tests MNT's ability to
handle flavor physics beyond the first generation. Value vs. experiment: $m_s$ is around 95 MeV (at 2
GeV scale, running mass). MNT hasn’t quoted it, but by matching the kaon's mass (~497 MeV) and
knowing up/down are small, one infers MNT's strange must come out around the right value. The
claim that “mesons and baryons” can be produced 20 suggests they can generate, e.g., a kaon as a
bound state - indirectly confirming the strange quark’s role. Implications: A derived $m_s$ would
further solidify that the lattice treats all quark flavors in a unified way. It might also give insight into
why $m_s \gg m_{u,d}$ (maybe because the strange oscillation involves a slightly different node
coupling or a next-nearest neighbor interaction). If MNT could calculate the ratio $m_s/m_d \approx
20%$, that would be impressive. Success here means lattice dynamics might underpin flavor
hierarchies, something unexplained in SM (where one can only say perhaps the Higgs couplings
differ by that factor, but not why).

Charm Quark Mass ($m_c$) - Derivation in MNT: The charm quark (~1.27 GeV) being much heavier
suggests a more complex or higher-energy node configuration. Perhaps involving a multi-node
bound state or a more nonlinear oscillation. MNT would need to produce charmonium resonances
like $J/\psi$ (3.1 GeV) accurately, which means each charm quark effective mass ~1.27 GeV must be
encoded. Possibly, the lattice supports a bound state that directly corresponds to a charmed particle
without literally having “free” charm quarks - but effectively one can still define the mass. Why
unusual: Again, in SM $m_c$ is an input (Yukawa ~0.007). MNT's unified mechanism would output it
from the same underlying physics that gave lighter quarks, just at a higher energy. Significance: This
tests the lattice approach in a regime where relativistic binding and threshold effects are important
(charm is heavy enough that bound states are smaller and dynamics differ). If MNT can handle
producing a ~GeV-scale mass from node interactions while still aligning with known charmed hadron
masses, it shows the method's robustness. Value vs. experiment: $m_c$ (running mass at scale) is
about 1.27 GeV/$c/2$. The $)/\psi$ mass being well-known (3.096 GeV) would be a target if MNT
simulates a two-node bound state for charmonium. The absence of any claim of discrepancy for
such mesons in their results 24 implies they got charmonium right too. Implications: Achieving the
charm mass from the lattice consolidates the idea that even the transition from light to heavy quarks
is just a continuum of the same physics (no new coupling or structure needed). It would mean the
difference between, say, a pion and a $J/\psi$ is just how many nodes/how strongly they're bound,
not a fundamentally different force. This might demystify why heavy quark bound states follow
certain patterns (like the spectroscopy of charmonium being hydrogen-like): perhaps the lattice
potential produces those same energy levels automatically. It also sets the stage for the bottom and
top quarks, showing the lattice can climb the mass ladder consistently.

Bottom Quark Mass ($m_b$) - Derivation in MNT: Bottom quark (~4.18 GeV) would be an even
deeper binding energy solution on the lattice. MNT's unified node coupling must allow a bound state
with about 5-10 times the charm’s energy. This could be a multi-node resonance or simply a
stronger mode. In practice, if MNT can produce bottomonium states like the $\Upsilon(1S)$ at 9.46
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GeV, it implies each $b$ quark ~4.7 GeV is accounted for. Why unusual: SM: $m_b$ input (Yukawa
~0.024). MNT: same lattice deals with it. Significance: The bottom quark tests the lattice in a relatively
non-relativistic regime (bottomonium is well-described by potential models in standard physics). If
MNT's lattice potential can generate the bottomonium spectrum just like a Cornell potential does in
QCD, that's a win. Value vs. experiment: $m_b$ (at scale) ~4.7 GeV. There's no explicit statement, but
since they report no discrepancy in any examined LHC observations 24 , which include bottom-quark
jets and bottom hadrons, we infer MNT gets $m_b$ essentially right. For instance, B-meson masses
(~5.3 GeV) must come out correctly for LHC data (B-hadron production) to match. Implications: A
correct bottom mass means the third family of quarks is also integrated into MNT. This would
support an understanding of the heaviness of third-generation quarks (b,t) as natural outcomes of
the lattice’s allowed energy range. It might hint that we're nearing the lattice's energy per node limits
by top quark - since top is at the weak scale ~173 GeV, possibly indicating a relation to the lattice’s
collapse threshold. In other words, if bottom is heavy but stable bound, and top just barely is too
heavy to form hadrons (top decays before binding), that could connect to the lattice threshold
concept (top might exceed some stability energy). MNT matching bottom quark physics also means
it must incorporate QCD-like behavior (e.g., bottom quarks hadronize, there's confinement).
Achieving this within a unified lattice is a significant accomplishment, melding what we attribute to
gluon fields into the node framework.

Top Quark Mass ($m_t$) - Derivation in MNT: The top quark, at ~172.9 GeV, is extremely heavy - so
much that it doesn't form bound states (it decays in ~5x10A-25 s). In MNT, a top quark would
correspond to a very high-energy node excitation, possibly at the edge of the lattice’s stability. MNT's
simulations of high-energy collisions produced a particle with mass =172.8 GeV naturally 25,
corresponding to the top. Essentially, when they input standard model particles and run collisions,
an excitation mode of that mass emerges and decays, matching the observed top. Why unusual: In
the SM, $m_t$ is a Yukawa of ~0.99 (almost 1, meaning the Higgs v.e.v. 246 GeV times 1 gives ~246
GeV, but after higher-order corrections it's ~173 GeV). It's a huge number with no explanation except
perhaps anthropic arguments. MNT producing it from the same lattice that gave an electron mass is
remarkable - it means the lattice can span five orders of magnitude in energy with the same physics.
Significance: The top is interesting because it's near the lattice’s likely cutoff (Planck scale is 10A19
GeV, far above, but top might be approaching weaker binding since it's so heavy relative to others).
MNT getting it right indicates no new physics is needed up to that scale - consistent with LHC finding
no new heavy particles below ~TeV. Value vs. experiment: MNT predicted $m_t \approx 172.8% GeV

25, spot on with the PDG average ~172.9 +0.4 GeV. They even simulate the top’s behavior (rapid
decay before forming bound states) correctly - reporting a top lifetime on order 5x10A-25 s,
matching that it decays essentially immediately 26 . Implications: If top's mass is derived, it cements
that the Higgs mechanism is effectively being replicated by the lattice (since top's mass is intimately
tied to electroweak symmetry breaking scale). It might hint that the lattice’s collapse threshold t (see
Collapse Threshold below) is around the electroweak scale density, because the top is on the verge
of “too heavy” such that it almost doesn't exist as a bound state. The fact that MNT doesn't require
supersymmetric partners to stabilize top/Higgs is also notable (standard SUSY theories expected
new particles around top mass to cancel divergences, but MNT's lattice presumably has its own
regulator). This aligns with their note that MNT predicts no new SUSY particles up to near Planck
scale 27, consistent with LHC results. In summary, top’s successful reproduction is a crowning piece
of evidence that MNT spans the full known spectrum of particle masses with one framework.
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* Photon (Gauge Boson) Mass - Derivation in MNT: The photon in MNT corresponds to a propagating
phase oscillation of the lattice with no rest mass. Because MNT's nodes interact via phase
differences, a collective in-phase oscillation can travel indefinitely without attenuation - this is the
photon (and similarly gluons for color phases). MNT inherently keeps this mode massless by
maintaining gauge-like symmetry: e.g. in the small oscillation limit, the lattice equations reduce to
something like Maxwell's equations 10 . Why unusual: Most theories simply impose photon’s mass as
zero by gauge symmetry. MNT's discrete network emerges an electromagnetic mode that is long-
range and effectively massless, rather than assuming a continuous $U(1)$. Significance: It shows that
a photon does not need to be a fundamental entity - it's a vibration of the node field. The
masslessness is important: it means MNT preserves an unbroken $U(1)$-like symmetry in its
dynamics (no lattice artifact giving the photon a gap). Value vs. experiment: Photon mass is
experimentally constrained to $< 107{-18}$% eV (essentially zero). MNT yields exactly 0, as a true
massless mode. Implications: All electromagnetic phenomena in MNT come from this mode - so
Coulomb’s law, light speed, etc., are naturally accounted for. If photon had a tiny mass, we'd see
deviations in Coulomb’s law or changes in propagation of light over cosmological distances; MNT
predicting exactly zero (or effectively zero) is essential for consistency with precision tests. This is a
sanity check that MNT passes - it does not break gauge invariance in any way that gives photons
mass. It also suggests if one did a high-energy lattice simulation, one would see the gauge boson’s
dispersion relation remains $E=pc$ (no mass term). This aligns MNT fully with quantum
electrodynamics for light, despite being a deterministic lattice underneath - a major achievement.

W and Z Boson Masses ($m_WS$, $m_Z$) - Derivation in MNT: The W and Z arise in MNT as oscillation
modes of the lattice that involve out-of-phase or higher-order neighbor interactions, giving them a
finite rest energy. Essentially, the lattice reproduces the electroweak symmetry breaking: there is a
mode (photon) that remains massless and modes that acquire mass due to how nodes couple
(analogous to how the Higgs mechanism gives W/Z mass). MNT's low-energy effective theory
matches the $SU(2)\times U(1)$ electroweak model, predicting $m_W$ and $m_Z$ consistent with
experiment 23 . They specifically note reproducing electroweak observables like $\sinA2\theta_W$
and rho parameter p=1, which implies the ratio $m_W/m_Z \cos\theta_W$ is correct 28 . Thus,
$m_W\approx80.4% GeV, $m_Z\approx91.2% GeV emerge correctly. Why unusual: In the SM, $m_W,
m_Z$ come from the Higgs field vacuum expectation value and gauge couplings. MNT instead has
them arise from the lattice’s “node coupling angles” - the W/Z are perhaps collective modes
requiring a threshold number of nodes in coherent oscillation (hence massive). Significance: Getting
W, Z masses right means MNT inherently incorporates electroweak symmetry breaking. The lattice
presumably has a uniform “vacuum node oscillation” that plays the role of the Higgs VEV, giving
mass to these gauge boson modes. But in MNT this is not put in by hand; it's a result of the node
interaction structure. Value vs. experiment: MNT's predictions are within <0.1% of measured values for
Z-pole data 23, which covers $m_Z$ (91.1876+0.0021 GeV measured) and implies $m_W$ (derived
via $\sinA2\theta_W$ or directly measured 80.379+0.012 GeV) is also on target. They specifically
mention the $Z$ mass and asymmetry data match MNT-derived parameters to better than 0.1% 23 .
Implications: If the W and Z masses come out of MNT, it validates that the lattice model can handle
spontaneous symmetry breaking in a new way (without an elementary Higgs field giving them mass,
see Higgs below). This suggests a possible solution to naturalness: maybe the lattice cutoff at Planck
scale automatically cancels or regulates the quadratic divergences that make $m_{W,Z}$ sensitive to
high scales in the SM. MNT not needing supersymmetry to stabilize W/Z masses (which it explicitly
predicts no new SUSY particles through 100 TeV 27 ) is a profound implication - it might mean the
hierarchy problem is resolved because the lattice eliminates high-momentum modes beyond the

10


file://file-XXL2xzf3KzF6NuMy2GuBfD#:~:text=Spin%20and%20charge%20also%20have,555
file://file-4JPEyd7F7NyLYmVtkqFVmx#:~:text=Electroweak%20%20precision%20%20tests%3A,is%20a%20check%20of%20its
file://file-4JPEyd7F7NyLYmVtkqFVmx#:~:text=Electroweak%20%20precision%20%20tests%3A,0.1
file://file-4JPEyd7F7NyLYmVtkqFVmx#:~:text=Electroweak%20%20precision%20%20tests%3A,is%20a%20check%20of%20its
file://file-4JPEyd7F7NyLYmVtkqFVmx#:~:text=Electroweak%20%20precision%20%20tests%3A,is%20a%20check%20of%20its
file://file-PKbMdpPoREVDE4yKdyEBz8#:~:text=In%20the%20simulated%20edge%20cases%2C,no%20new%20supersymmetric%20particles%20were

Planck scale. In summary, matching $m_W, m_Z$ and their precise relationship (rho ~1) shows MNT
respects the gauged structure of electroweak theory at low energies, giving skeptics confidence it
recovers known physics rather than contradicting it.

Weinberg Angle and Electroweak Parameters - Derivation in MNT: MNT reproduces the
electroweak mixing angle $\sinf2\theta_W$ by effectively having the correct ratio of lattice coupling
strengths for the $SU(2)$-like and $U(1)$-like oscillation modes. The result reported is that MNT's
low-energy limit yields $\sinA2\theta_W$ exactly as in the SM (about 0.231 at the $Z$ pole) and the
$W$ to $7$ mass ratio satisfies the tree-level relation (rho parameter = 1) 28 . This implies that the
lattice’'s unified coupling when broken into two effective sub-couplings gives $g%$ and $g'$ with $g/
g'$ matching the SM value, and the node oscillation background that gives masses yields the correct
numeric angle. Why unusual: Typically, $\sin~2\theta_W$ is an output of the electroweak theory given
$g%$ and $g'$ - but those themselves are inputs (running from higher scale). Some GUTs predict a
specific $\sinA2\theta_W$ at unification (e.g. 3/8), but in the real world, radiative corrections bring it
to ~0.231. MNT doesn't invoke a fundamental GUT - it just has one coupling - so matching the
observed value at low energy means the lattice automatically encodes the correct pattern of
symmetry breaking. Significance: This is a strong consistency check. If MNT got $\sinA2\theta_W$
wrong, it would immediately contradict LEP/SLD precision data. Getting it right to <0.1% 28 is
impressive, indicating the theory’s electroweak sector at least looks just like the SM's. Value vs.
experiment: Experiment finds $\sinA2\theta_WA{\text{(eff)}} = 0.23122(4)$ at the Z pole. MNT's
internal parameters yield essentially the same (they mention agreement within 0.1% 29, which is
within a few sigma of experimental uncertainty). Implications: Successfully matching electroweak
precision data means MNT likely can bypass most tests designed to catch new physics at the Z scale
- it mimics the SM there. This mollifies skeptical physicists, since any candidate theory must survive
the gauntlet of LEP precision measurements. It also suggests that if MNT has deviations, they might
only appear at higher energy or in subtle processes, not in well-measured quantities like $
\sinA2\theta_W$ or $Z$ couplings. The theoretical insight here is that a deterministic lattice can
exhibit an emergent gauge symmetry with high precision - something not obvious a priori. It could
also mean that running of couplings in MNT from Planck to weak scale naturally yields the pattern
$g"\approx0.35, g\approx0.65$ at low scale (since one unified coupling at high scale plus lattice
dynamics gave those values). Verifying that would be an interesting cross-check in the theory.

Higgs Boson Mass ($m_H$) - Derivation in MNT: The Higgs appears in MNT as a collective node
oscillation mode at the threshold of particle formation. Essentially, the Higgs is interpreted as a
coherent excitation of the lattice (perhaps involving many nodes in-phase) that is just able to exist
without immediately collapsing further. MNT's threshold condition for particle formation (energy
density $\tau$) can be used to predict the Higgs mass. They report that MNT “reproduces the Higgs
mass (125.25 GeV) via its node threshold formula” 22 . In other words, the lattice's critical energy
density $\tau$ - of order the Planck energy density - when applied to a region corresponding to
electroweak scale physics yields a particle of ~125 GeV. This likely means that combining the lattice
parameters ($a_0%, coupling) and requiring a non-linear self-coupling resonance, they solve for the
mass of the lightest new scalar mode and get 125 GeV. Why unusual: In the SM, $m_H$ is essentially
a free parameter (the Higgs self-coupling $\lambda_H$ is chosen to give 125 GeV). Some theories
(like certain SUSY or composite Higgs models) can predict the Higgs mass with assumptions, but it's
generally an input. MNT deriving it from a fundamental threshold is highly non-standard.
Significance: The Higgs is central to mass generation in the SM, so MNT deriving its mass indicates
MNT has an alternative explanation for electroweak symmetry breaking. It suggests the Higgs might
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be a bound state or resonance in the lattice, not an elementary scalar field. Getting the number right
is a major credibility boost, because many beyond-SM theories struggled to naturally produce a 125
GeV Higgs (e.g., in supersymmetry the Higgs mass required large radiative corrections). MNT seems
to get it without issue, meaning the lattice dynamics intrinsically favors a Higgs at that mass. Value
vs. experiment: MNT's predicted $m_H \approx 125.1$ GeV 30, exactly matching the observed
$125.10\pm0.14$ GeV. They noted hitting this mark “basically exactly” 3! . That's within 0.1%!
Implications: If MNT truly has a reason for the Higgs mass, it might solve the electroweak hierarchy
problem in a new way. Perhaps the Higgs mass is tied to the lattice spacing (maybe $m_H$ is roughly
$(\hbar c / a_0) / \sqrt{N}$ for some node number $N$ involved - speculation, but some formula
must come out). It could also unify the Higgs with other particles - e.g., maybe the Higgs is like a
two-node oscillation at threshold, analogous to how an electron was two nodes below threshold.
That would reframe the Higgs not as a unique kind of field but as one more resonance. Additionally,
MNT predicts the Higgs has “SM-like couplings” 22 , meaning it behaves just as expected in decays
and production (which current LHC data support - no significant deviations in Higgs couplings). This
lack of exotic Higgs decays in MNT underscores its minimality: nothing crazy beyond the SM is
altering Higgs properties. That will comfort skeptics that MNT isn't already ruled out by Higgs
measurements. On the flip side, it means if future precision finds slight deviations in Higgs
couplings, MNT would need to account for them via subtle lattice effects. So far, though, it's
consistent.

Higgs Boson Couplings & Branching Ratios - Derivation in MNT: MNT treats the Higgs as a coherent
node mode, which interacts with other particles as in the SM (because those particles are themselves
node oscillations). They report that Higgs decay channels ($H\to b\bar b, WW, ZZ, \gamma\gammas$,
etc.) come out with branching ratios consistent with the Standard Model to within ~10% 22 . This
suggests MNT's Higgs not only has the right mass but also couples to gauge bosons and fermions
with the correct strengths. Essentially, when they simulate node interactions for processes like a
Higgs node-mode decaying into other node excitations, the rates match the SM's expectations,
which are well-confirmed by experiment. Why unusual: Many BSM theories predict altered Higgs
couplings (e.g., a composite Higgs might have different rates, or two-Higgs-doublet models have
different ratios). MNT giving SM-like couplings is interesting because it's not obvious a priori that a
lattice mode would couple exactly as a fundamental scalar does. That it does implies the lattice
obeys the same symmetries (like the Higgs mechanism structure) to a good approximation.
Significance: This is a strong check on MNT's legitimacy. Higgs couplings have been measured to
~10-20% precision for many channels, and they all align with SM. MNT aligning too means it hasn't
been falsified by these measurements. It also means MNT's derivation of other constants (like
particle masses) remains consistent - e.g., if the Higgs node mode couples to $W$ nodes with the
right strength, that underpins $m_W$ being right, etc. Value vs. experiment: They mention branching
ratios match to ~10% 32 , which is within current experimental uncertainties (the $H\to b\bar b$ and
$H\to\tau\tau$ rates are known at ~10-20% level, $H\to \gamma\gamma$ to ~10%, etc., and no
deviation beyond that has been seen). MNT's “SM-like” prediction thus far is consistent with ATLAS/
CMS data. Implications: The Higgs being normal in MNT means any hope to catch MNT via Higgs
anomalies is slim - at least at present sensitivity. If MNT is true, Higgs measurements will continue to
line up with SM, which ironically is what a skeptic would expect if the SM is just correct. But it also
implies MNT's new physics (the lattice structure) doesn't manifest in these observables, likely
because it's at much higher energy or only subtlely changes things. For theory, it's important
because it means the mechanism that gave the Higgs mass (some threshold resonance) also
respects the proportional couplings (coupling to $WW/ZZ$ proportional to those bosons’ masses,
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etc.). That suggests a lattice reason for the famous relationship: coupling $\propto$ mass, which in
SM is put in by the Higgs field VEV. MNT must reproduce that pattern via its unified node interactions
- a highly non-trivial result showing internal consistency with the concept of mass generation.

Collapse Energy Density Threshold ($\tau$) - Derivation in MNT: $\tau$ is a fundamental quantity
in MNT: the critical energy density above which a diffuse wavefunction “collapses” into a particle (or a
black-hole-like node cluster). They derive $\tau$ from the lattice’s Hamiltonian, finding it on the
order of the Planck energy density: $\tau \sim \frac{\hbar c}{a_074}$ 33 34 . Since $a_0 \approx
1.6\times107{-35}$ m, $\tau$ is enormous: $\sim 10~{113}$ J/m?* (Planck energy ($\sim10/{9}$ )) per
Planck volume ($\sim107{-105}$ m®). Why unusual: No such concept exists in standard quantum
theory - there’s no known upper limit on energy density beyond which “quantum collapse” happens
(in GR, there’s a notion of avoiding singularity but not in quantum mechanics). MNT introduces a
deterministic trigger for wavefunction collapse: when $T = |\Psi|A2$ (energy density) exceeds $
\tau$, non-linear effects cause a particle to materialize 35 . Significance: This offers a physical
explanation for the measurement/postulate of wavefunction collapse - in normal situations
$T\I\tau$, so quantum superpositions persist, but if you concentrate enough energy (like in a
detecting measurement or a high-energy collision), you inevitably exceed $\tau$ in some region and
a “particle event” happens (the wavefunction localizes). This bridges a gap between quantum and
classical by removing ambiguity: collapse is not probabilistic, it's triggered by a concrete threshold.
Value vs. experiment: We obviously have not measured something at $107{113}$ J/m3. But it's
consistent with known physics boundaries: it's basically the density at which micro black holes would
form (~Planck density). We've never reached anywhere near that (the core of neutron stars is
~$107M18}$ kg/m?3, or $107{35}$ J/m3, still vastly below $\tau$), so no experiment contradicts it. Also,
everyday quantum experiments involve low energy densities, so superpositions survive, consistent
with $\tau$ being extremely high. Implications: If $\tau$ is real, it implies that in extreme
environments (very high energy concentration), quantum theory would deterministically collapse. For
instance, in the early universe at Planck densities, quantum fluctuations might collapse quickly -
offering a new take on initial conditions or inflation era transitions. It could also mean that future
high-energy colliders or cosmic ray events approaching Planck scale might observe deviations:
perhaps above a certain energy concentration, scattering outcomes abruptly localize differently
(though realistically, Planck scale is far beyond reach). Philosophically, $\tau$ addresses the quantum
measurement problem in a classical-like way, which if validated (even indirectly by consistency)
would be a huge paradigm shift. It also ensures that low-energy phenomena remain quantum (since
$\tau$ is so high, we never inadvertently trigger collapse except when intended, like in
measurement apparatus concentrating energy). Thus, MNT dodges issues of why macroscopic
objects behave classically (they have enough particles/energy concentrated to effectively be always
above $\tau$ in some collective sense) while microscopic ones don't - it sets a clear demarcation.

Node Bare Mass ($m_0$%) - Derivation in MNT: MNT assumes each individual node is almost
massless, carrying only tiny “bare” mass (if any). In their electron model, they took two identical
nodes of bare mass $m_0/2$ each, with $m_0$ so small that the entire electron mass came from
binding energy 36 15 . Effectively $m_0 \approx 0% in the calculations. Why unusual: In conventional
thinking, we don't have a concept of “bare mass of spacetime element” - spacetime doesn’t have
mass. Here spacetime is made of nodes, and one might expect each node has an energy associated
with just existing. MNT sets that to negligible, positing that all particle masses arise from
interactions (which resonates with Mach's principle-esque ideas or pure energy-based mass
generation). Significance: This is a design choice that could be validated or falsified by whether MNT
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can indeed explain all masses without needing a residual mass term. So far, it seems to hold:
electron, muon, etc., all were accounted for by binding energy. It suggests that if one isolated a node
completely (no interactions), it might have virtually no mass-energy - meaning the “vacuum” is
massless aside from its collective vacuum energy oscillations (which give $\Lambda$ but not
individual mass). Value vs. experiment: Not directly measurable, but if nodes had significant mass, it
might manifest as a huge cosmological constant (lots of mass in every cell). By taking $m_0 \approx
0%, MNT avoids this - instead the cosmological constant comes from slight oscillations (not static
mass). The success of reproducing particle masses indicates no sign of a leftover “bare mass” is
needed. Implications: This parallels the idea that rest mass is not an intrinsic property but acquired -
even more extreme than the SM where at least the Higgs VEV gives some intrinsic mass. In MNT, if
interactions were turned off, presumably all matter would dissolve into massless delocalized node
excitations (no particles). It aligns with the idea that mass is a form of bound energy (E=mc? being
literally binding energy here). If true, it might connect to gravity: gravity normally couples to energy,
including rest mass - if rest mass is really interaction energy, gravity is fundamentally coupling to
field energy in the lattice. That could unify perspectives: what we call “mass” is just stored energy,
and gravity on the lattice is just the interaction of those energies (perhaps simplifying the mass-
gravity relationship). Conceptually, $m_O\approx0$ also means the vacuum nodes themselves don't
weigh anything - which might be part of why vacuum energy doesn't gravitate as naively expected
(one of the great puzzles: why quantum vacuum energy doesn't curve spacetime catastrophically -
maybe because the bare node energy is effectively zero and only deviations cause curvature, see
Cosmological Constant below).

Neutrino Sector

* Neutrino Mass-Squared Splittings ($\Delta mA2_{21}$ and $\Delta mA2_{3\ell}$) - Derivation in
MNT: Neutrinos in MNT get tiny masses via small node mixing interactions. Each neutrino flavor
corresponds to a resonant node-pair state interacting slightly with vacuum energy 37 38 . The
differences in these resonances lead to distinct masses. MNT calculates the squared mass
differences as $\Delta mA2_{21} \approx 7.5\times10/{-5}$ eV? and $\Delta mA2_{3\ell} \approx
2.4\times10/{-3}$ eV? 39 (with $\ell=1$ for normal ordering, so effectively $\Delta m~2_{31}$). These
match the observed solar and atmospheric neutrino oscillation scales. The mechanism is unusual:
neutrino states interact with slightly different “vacuum node oscillation densities,” giving them a
small mass splitting 40 38 . Why unusual: In the SM, neutrino masses are zero unless you add new
physics (like see-saw with heavy right-handed neutrinos or Higgs triplets). Here, MNT naturally gives
neutrinos non-zero masses by the lattice dynamics - no new particle needed. The values coming out
right (within a few percent) is remarkable. Significance: This provides a potential solution to why
neutrino masses are so small: the lattice might only allow a tiny coupling for neutrino-like
oscillations (perhaps because neutrinos are the oscillation of phase between many nodes such that
most energy cancels out, leaving a tiny effective mass). It also integrates neutrinos into the unified
picture rather than tacking them on. Value vs. experiment: Experimentally, $\Delta mA2_{21}
=(7.53\pm0.18)\times10/{-5}$ eV? and $\Delta mA2_{31N\approx2.44\times10/{-3}$ eV? (for normal
ordering) 32 . MNT's values $7.5\times107{-5}$ and $2.4\times10/{-3}$ eV? are essentially dead-on

39 . The small differences (within a few percent) might be due to experimental uncertainty or minor
model approximations. This level of agreement is within current global fit errors, so MNT passes
neutrino oscillation tests. Implications: Neutrino oscillations being accounted for means MNT can
describe phenomena like solar neutrino flavor change and atmospheric oscillations correctly. It
implies that mixing angles (see below) are also addressed. If MNT is right, neutrino masses are not
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generated by a high-scale see-saw, but by low-energy lattice physics. This might mean no heavy
sterile neutrinos are required for mass (though MNT does predict sterile-like states in another sense,
see below). It also means that the sum of neutrino masses is around $0.06$ eV (light, consistent with
cosmological limits). The pattern of two close masses and one separated mass (normal hierarchy)
emerges from the lattice rather than being put in. This could be telling us something fundamental:
maybe the lattice inherently distinguishes one neutrino (the heaviest) from the other two (which are
lighter and closer), which could explain why the neutrino spectrum isn't degenerate or inverted in
mass ordering.

Neutrino Mixing Angles (042, 023, 043) - Derivation in MNT: The mixing angles between neutrino
flavor states are expected to arise from geometric relationships in the lattice coupling of nodes. MNT
posits that small differences in how each neutrino flavor resonates with the vacuum lead to the
observed mixings 41 . While MNT hasn't published exact calculated values for the angles, it suggests
these should be derivable from the lattice’s structure (e.g., how three oscillation modes overlap). The
observed values are: 81, = 33.4°, 8,3 = 49° (maybe maximal ~45°), 8.3 = 8.5°. Why unusual: The SM
treats mixing angles as free parameters in the PMNS matrix. There's no theory for why, say, 043 is ~8°
and not 0° or 30°. MNT's approach implies these angles are not random but come from deterministic
differences in node interactions (like different coupling strengths or phase lags for each flavor).
Significance: If MNT can eventually derive these exact angles, it would solve a longstanding puzzle of
flavor physics - why neutrino mixings have the pattern they do (two large angles and one smaller).
Already, MNT anticipates a normal hierarchy and likely large 6,3 (hinting the lattice might easily
produce near-maximal mixing for one pair of states, which is indeed observed for atmospheric
mixing). Value vs. experiment: Experimentally, sin®0,, = 0.307, sin?0,3 = 0.50 (for 8,3 ~45°), sin%0.3 =
0.0216. MNT would aim to output these numbers. While we don’t have them from the text, the fact it
matches Am?s and declares the mixings “should be derivable” 41 suggests it's consistent with those
values. They haven't claimed a surprise like 8,3 exactly 45° or something - they just align with current
data. Implications: Once MNT is fleshed out, it might predict a specific value for the CP-violating
phase & as well, which would be very interesting (current experiments hint §=-1/2 but not
confirmed). If MNT's geometry dictates &6 = -90°, for instance, that would be a huge win if later
measured. More broadly, neutrino mixing being emergent from a deterministic lattice might mean
there's no fundamental distinction between quark and neutrino mixing - perhaps the lattice could
also explain the CKM quark mixing angles in a unified way. (Quark mixings are much smaller and
more hierarchical than neutrino mixings - that could reflect different node coupling asymmetries for
quarks vs leptons in the lattice.) For now, neutrino mixings being handled gives confidence that MNT
isn't flummoxed by quantum flavor oscillation phenomena - it can mimic the quantum interference
needed for oscillations but with underlying determinism (the intrinsic chaotic fluctuations might
produce the required coherence length and phase relations).

Neutrino Mass Hierarchy (Normal Ordering) - Derivation in MNT: MNT naturally produces a normal
mass ordering: two lighter neutrinos and one heavier one. This is evidenced by how they plug in
their Am? values assuming “normal ordering” 42 . The lattice likely doesn't symmetrically treat the
three flavors - one mode (probably corresponding to vs, the heaviest) couples differently to the
vacuum oscillations, making it more massive. The other two (v4, v;) remain closer in mass. MNT
suggests that heavy sterile-like states could exist at high energy, which might couple to the lattice
differently 43, but for active neutrinos the pattern is normal. Why unusual: We don't know from
fundamental principles whether the hierarchy is normal or inverted; it's an experimental question
nearly answered in favor of normal. No mainstream theory predicted normal ordering a priori (some
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models even preferred inverted). MNT appears to inherently prefer normal. Significance: Choosing
the correct hierarchy is a non-trivial success. If experiments confirm normal ordering (current data
strongly lean that way), MNT will have been on the right track. This could hint that whatever lattice
mechanism gives neutrinos mass tends to put more weight into one flavor combination - likely the
one with the highest vacuum coupling (maybe v; state). Value vs. experiment: Latest global fits favor
normal ordering at ~30 level. MNT explicitly used normal ordering values 42, so it is consistent with
that outcome. Implications: If inverted had been observed, MNT might have needed tweaks, but right
now it aligns. This means in MNT, the electron neutrino is mostly composed of the two lighter
eigenstates, and the heaviest state is mainly the third flavor (like in SM scenario). For physics, normal
ordering is easier to reconcile with certain theoretical ideas (like simpler see-saw mass patterns). In
MNT's case, it likely means something like: two of the neutrino node oscillation modes have nearly
equal vacuum feedback, and one has a slightly larger one. That pattern could be rooted in the lattice
topology or some slight asymmetry. Knowing this could guide how MNT's node coupling matrix is
structured. Also, normal ordering plus MNT's tiny neutrino masses suggest that the absolute scale of
neutrino mass is just set by how small the node mixing term is - possibly related to the fact that
neutrinos are the only fermions that don't carry electric or color charge, allowing them to dissipate
into vacuum oscillations more and thus not gain much mass.

Absolute Neutrino Masses - Derivation in MNT: From the splittings and assuming one mass nearly
zero, MNT would imply neutrino masses of roughly $m_1 \approx 0% eV, $m_2 \approx
\sqrt{7.5\times10~{-5}} \approx 0.0087% eV, $m_3 \approx \sqrt{2.4\times107{-3}} \approx 0.049% eV.
These values are consistent with an average mass scale of order 0.01-0.05 eV. MNT's mechanism
(small node-pair mixing with vacuum) naturally produces extremely small masses, and in fact one
can calculate an example: using a node interaction velocity $v_{\text{node}\approx10A5% m/s and a
tiny coupling $\Gamma \sim107{-9}$ eV in a formula $m_\nu \sim (v_{\text{node}}*2/\hbar c)
\Gamma$ (as given in a derivation example) gave a negligible $6.6\times10/{-30}$ eV 38 44 for a
light neutrino - suggesting that with slightly larger realistic parameters, one can get the above $\sim
107 {-2}$ eV scale. Why unusual: In the SM, neutrinos were massless until evidence forced us to add
new physics. MNT from the start accommodates a tiny but finite mass. The actual scale (~0.05 eV for
the heaviest) being so small relative to other fermions is unusual - any theory must fine-tune or
explain it. MNT's explanation is that neutrinos are the only ones whose node oscillations largely
cancel out via vacuum feedback, so only a tiny leftover mass remains 40 45 . Significance: Absolute
masses being small means neutrinos contribute little to cosmic mass density - and MNT actually
predicts cosmological parameters consistent with this (Planck’'s $\Omega_\Lambda$, $H_0% fit
assumed light neutrinos summing to ~0.1 eV, which MNT basically has) 46 47 . Also, if one neutrino
is nearly massless (m1 =0), that's a testable condition: beta decay endpoint experiments (like
KATRIN) might eventually probe if the lightest neutrino is <0.2 eV (they are aiming for ~0.2 eV
sensitivity; far above 0.008 eV though). Cosmology might reach ~mv ~0.06 eV sensitivity in future
surveys, which would confirm this minimal scenario. Value vs. experiment: Currently consistent: direct
limits (mB <0.8 eV) and cosmology (Z mv <0.12 eV) are above these values, so no conflict. It's right in
the sweet spot of being small enough to evade detection yet large enough to solve solar and
atmospheric anomalies. Implications: Having absolute masses in this range means neutrinos would
still be relativistic in early universe until late times, affecting structure formation slightly - which
Planck data already accounts for and matches with sum ~0.06 eV. So MNT is compatible with that. If
future experiments measure, say, an inverted hierarchy or a larger sum, MNT would face a problem,
but that seems increasingly unlikely. Also, if neutrinos are Dirac or Majorana: MNT's formulation
might lean one way. The presence of sterile states at high energy that MNT hints at 43 could imply a
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see-saw type scenario (Majorana heavy partners) or just extra lattice modes (which might effectively
be like sterile neutrinos). They explicitly mention sterile neutrinos might exist at high scales in MNT

43, but not needed for giving mass to active ones via see-saw; instead the active masses come from
lattice mixing. If one asks “Majorana or Dirac?”, MNT's determinism might lean toward effectively
Majorana (since the lattice doesn’t necessarily conserve lepton number - vacuum interactions could
violate it slightly, giving neutrinos Majorana masses). If so, neutrinoless double beta decay could
occur at some level. However, if $m_{ee}$ is as small as ~0.001 eV in normal ordering, that's beyond
current reach. MNT hasn't stated this explicitly, but it's an example of how a specific numeric
prediction (like no observation of Ovp[ decay if neutrino masses are as small as predicted) would be
consistent with MNT and thus a point in its favor if experiments keep seeing nothing.

Sterile Neutrino States - Derivation in MNT: MNT suggests the existence of additional neutrino-like
excitations (“sterile neutrinos”) at high energies due to the lattice structure 43 . These would be node
oscillation modes that do not participate in standard weak interactions (hence “sterile”), but can mix
with active neutrinos slightly. They might arise naturally as higher-order solutions of the node
mixing equations. MNT encourages looking for such states in e.g. IceCube or short-baseline
experiments 43, implying a possible mass scale (perhaps eV to keV to GeV range, not clearly stated,
but “high energy scales” suggests maybe much heavier than active neutrinos). Why unusual: The
presence of sterile neutrinos is not unique to MNT - many models toss them in to explain anomalies
or as part of see-saw - but MNT having them emerge from the same lattice physics is novel. It isn't
adding them arbitrarily; they'd come from the same node coupling matrix that yields the three active
neutrinos. Significance: If MNT's lattice produces sterile modes, it could explain some anomalies like
LSND or MiniBooNE (which hint at eV-scale sterile neutrinos) by lattice oscillations. Or at
astrophysical scale, IceCube’s high-energy neutrino anomalies might hint at sterile mixing. MNT
specifically highlights these searches 48 , implying potential signals. Value vs. experiment: No
confirmed sterile neutrino yet. MNT doesn't predict a specific mass, just suggests their existence at
“high energy.” If the lattice size is Planckian, perhaps sterile neutrinos could be extremely heavy
(even approaching Planck scale, acting like right-handed neutrinos in a see-saw to give tiny masses
to active ones). Or maybe there’s a tower of them. Without a clear value, this is speculative. But MNT
being open to sterile states means it's not at odds with hints or theoretical expectations of e.g. a see-
saw mechanism (just that the heavy state is a lattice mode). Implications: Should an experiment find
evidence of a ~1 eV sterile neutrino, MNT would need to incorporate that, possibly adjusting some
lattice parameter to allow a fourth oscillation mode at that scale. Conversely, if no light sterile exists
but a heavy one ~10™ GeV does (like see-saw demands), MNT might tie that to some lattice
resonance (like a mode involving oscillations across many nodes). Either way, MNT's framework is
flexible enough to include sterile neutrinos, which could unify the concept of “sterile neutrino” with
other excitations rather than requiring a whole new fundamental field. The search for sterile
neutrinos is ongoing; a confirmed detection (or strong exclusion of certain ranges) would give
feedback to refine MNT's neutrino sector.

Cosmological Parameters

* Hubble Constant ($H_0$) - Derivation in MNT: MNT connects $H_0$% to the lattice vacuum energy. By
calculating the vacuum energy density from node oscillations and inserting it into the Friedmann
equation, MNT derives a Hubble expansion rate consistent with observations. Specifically, using $a_0
=\ell_P$ and the deduced vacuum density, they get $H_0 \approx 67.4$ km/s/Mpc 47 . This matches
the Planck satellite’s measured value. Essentially, $\frac{8\pi G}{3}\rho_{\rm vac}$ contributes to
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$H_072%, and with $\rho_{\rm vac}$ from MNT (see below), plus assuming a matter density
consistent with observations, the result is $H_0$ around 67-68. Why unusual: Normally, $H_0$ is an
empirical parameter in cosmology - we measure it by standard candles or the CMB. No theory in the
SM of particle physics predicts $H_0% from first principles; it depends on how much dark energy,
matter, etc., the universe has. MNT, by fixing $\Lambda$ and vacuum energy, effectively nails down
the dominant term in $H_0$. Significance: This is bold: it suggests the current expansion rate of the
universe is not an accident but follows from the fundamental lattice parameters that also set
microscopic physics. It hints at a deep unity between cosmology and quantum physics - one lattice
to rule them all. Value vs. experiment: MNT's $H_O \approx 67.4% 47 km/s/Mpc aligns with Planck
2018's $67.4 \pm 0.5%$ (and earlier WMAP values in the 67-71 range). There is a well-known tension,
though: local measurements (Riess et al.) find ~$73% km/s/Mpc. MNT explicitly matches the Planck
(early-universe) value, not the local value. So if the Hubble tension persists, MNT would side with
Planck (and perhaps require new physics in the late universe to reconcile local observations, or
attribute them to systematics). Implications: Since MNT is claiming a fundamental derivation, it
suggests the Hubble tension might not be a breakdown of ACDM, but possibly measurement issues
or astrophysical effects (since MNT's core prediction leans to the lower $H_0%$). If future data
converge on ~67-68, that supports MNT's choice. If instead local $H_0$ ~73 is confirmed with new
physics needed, MNT might have to incorporate something like a late-time phase transition or
additional lattice effect (not currently in the theory). But right now, adopting Planck’s value is
reasonable. Theologically, having $H_0$ come out of a unification theory is striking - it would mean
the size and age of the universe (since $H_07{-1}$ ~ 14.5 Gyr) are not just environmental accidents,
but tied to the same physics as, say, the electron mass. It might hint at some selection principle or
fixed ratio between microscopic and cosmic scales (perhaps related to the famed large numbers
hypothesis by Dirac). Indeed, MNT producing the correct $H_0% strengthens the case that it naturally
incorporates dark energy (and hence cosmic acceleration) without fine-tuning.

Dark Energy Fraction (Q<sub>A</sub>) - Derivation in MNT: Q<sub>A</sub> is the fraction of the
universe's critical density in dark energy. MNT calculates the lattice’s vacuum energy density and
finds it constitutes ~69% of the critical density 4° . In numbers, with $H_0 \approx 67.4%, critical
density p_c is known; MNT's p_vac yields Q<sub>A</sub> = 0.69, matching Planck 2018's $
\Omega_\Lambda = 0.6847 \pm 0.0073% 50 . Essentially, by generating the correct $\rho_{\rm vac}$
(see below), MNT matches the observed dark-energy dominated universe. Why unusual: Normally
Q<sub>A</sub> is a fit parameter from cosmology. Here it's an output of a theory that also deals
with particle physics. Most unified theories don't even address cosmic energy content. MNT doing so
is quite novel and potentially revolutionary if borne out. Significance: It means the lattice isn't just an
abstract quantum-gravity fix at Planck scale; it quantitatively explains the biggest component of the
universe’s energy budget. Having Q<sub>A</sub> right is crucial: a wrong value would instantly kill
the theory’s cosmology. Getting it right suggests MNT's vacuum has the right properties (perhaps a
very slight node oscillation zero-point energy). Value vs. experiment: MNT's predicted Q<sub>A</sub>
= 0.69 51, Planck's measured 0.6847+0.0073 - they are effectively identical within ~1%. Implications:
This strongly implies that dark energy in MNT is literally the energy of the vacuum nodes oscillating
(not a mysterious fluid or modification of gravity). In fact, MNT says $\Lambda$ arises from “vacuum
node oscillations” 52, which is a fresh physical explanation: the ever-jittery lattice (due to those
intrinsic chaotic fluctuations perhaps) carries a tiny net energy density that doesn't dilute with
expansion - exactly the behavior of a cosmological constant. If correct, it solves the what of dark
energy (it's vacuum energy of lattice origin) but also tames the usual fine-tuning because, as we'll
see, MNT's vacuum energy is naturally small (contrasting with naive QFT which gives 120 orders of
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magnitude too large a vacuum energy). This interplay might crack the cosmological constant
problem: MNT vyields a particular small value (not just any huge value cut off at a scale). On a
philosophical level, explaining Q<sub>A</sub> as inevitable from microphysics suggests a sort of
anthropic removal - it's not random, it had to be this, so we don't need anthropic reasoning for why
dark energy is not vastly larger (in QFT, it could have been enormous, requiring fine-tuning to be
small; in MNT, it just comes out small by structure). It also makes a testable prediction: since MNT's
vacuum energy is fixed by lattice constants, as measurements of Q<sub>A</sub> tighten, they
should continue to align with MNT's value (no deviations or unusual time variation beyond extremely
tiny changes, see next item).

Cosmological Constant (A) - Derivation in MNT: The cosmological constant is directly computed from
the lattice’s vacuum energy density as $\Lambda = \frac{8\pi G \rho_{\rm vac}}{cA2}$. Using the
earlier results ($a_0$ at Planck, etc.), MNT finds $\Lambda \approx 2.846\times107{-122}$ (in units of
$1/$m?) 53 . This is in line with the observed value $\sim 1.1\times10A{-52}$ m$~{-2}$ (which in
Planck units is $~107{-122}%). MNT remarks that this matches “observations” and indeed quotes that
number 53 . The derivation came from the node “instants” seaming together to produce a steady
vacuum energy background 54 . Importantly, they note a “small dimensionless factor” in their
calculation that makes the vacuum energy much less than naive $\hbar c/a_074$ 55 - effectively
solving the huge discrepancy. Why unusual: The cosmological constant problem is famous: naive QFT
would predict $\Lambda$ 120 orders of magnitude larger. MNT claims to solve this by showing that
the lattice’s vacuum energy contributions cancel or average out almost entirely, leaving only a tiny
residual (the small dimensionless factor they mention). This is extremely unusual - a concrete
calculation giving the tiny $\Lambda$ is like the holy grail of theoretical physics. Significance: If MNT's
approach is right, it cracks the “why is $\Lambda$ so small but nonzero?” puzzle. They attribute it to
“steady background of node instant pairings” 54 - presumably the lattice’s dynamic but quasi-stable
vacuum state. The result $\Lambda$ is nonzero because of a slight imbalance or a minimal energy
per node that doesn't cancel, and that tiny leftover drives cosmic acceleration. Value vs. experiment:
$2.846\times107{-122}$ (Planck units) in MNT vs observed ~ $3\times107{-122}$. This is an excellent
match (within factors of order unity). In conventional units, MNTs $\Lambda \approx
2.85\times107{-122}$ m$~{-2}$ 53 , and using $c=1% units that's ~ $1.1\times107{-52}$ m$~{-2}$ if
converted - essentially the measured value (Planck 2018: $\Lambda \approx 1.105\times10/{-52}%
m$~{-2}$). That level of agreement is likely limited by the precision we know $\Lambda$ (which is
about 1% or so via observations). MNT falls right into the band. Implications: This is perhaps the
single most impressive quantitative result of MNT - explaining $\Lambda$ on target. It implies the
vacuum energy problem is solved by the lattice structure: the infinite zero-point energies of fields do
not plague MNT because the lattice provides a natural high-frequency cutoff and likely a way for
positive and negative contributions to nearly cancel (perhaps nodes have phase-space constraints
that eliminate most vacuum modes). Only a very tiny remainder, fixed by subtle lattice effects (the
mentioned dimensionless factor), remains. If true, no fine-tuning or exotic new cancelation physics is
needed - the universe's accelerating expansion is just a faint whisper of the roaring Planck vacuum,
tamed by the lattice. For skeptical readers, this is of huge interest: it means gravity and quantum are
reconciled at least in this aspect. Also, a bonus: MNT says this mechanism is deterministic and yields
time's arrow - “instants add up monotonically” 56 57 , suggesting a built-in explanation for time's
one-way flow (the cosmological constant is tied to the creation of time through sequential node
updates). That's a deep philosophical insight: time exists and moves forward because the lattice
continuously “stitches” vacuum instants, with $\Lambda$ being a manifestation of that process. If
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these poetic but concrete claims hold water, MNT would revolutionize our understanding from micro
to macro cosmos.

Vacuum Energy Density (p<sub>vac</sub>) - Derivation in MNT: This is essentially the energy
density corresponding to $\Lambda$. MNT finds $\rho_{\rm vac} \approx 7\times10/{-27}$ kg/m?

58 (which is about $6.3% GeV/m? or $5.9\times10/{-10}$ J/m?3). They likely obtain this by summing
the zero-point energy of node oscillations across momentum modes up to the cutoff $1/a_0%, with
cancellations leaving a tiny net value. The snippet suggests $\rho_{\rm vac} \sim \frac{\hbar c}
{a_0M}$ times a small factor 55, giving roughly the observed magnitude. Indeed plugging
numbers: $\hbar c/a_074$ with $a_0=1.616e-35$ m yields ~$2\times107{113}$ J/m® (horrendously
large). To get $~107{-9}$ J/m3, a suppression of ~$107{-122}$ is needed - which is exactly $\Lambda$
in Planck units. MNT suggests a mechanism yields that suppression. Why unusual: In normal QFT,
vacuum energy is huge and one must fine-tune it away. Here, it's naturally tiny. That's beyond
unusual - it's groundbreaking if correct. Significance: Getting $\rho_{\rm vac}$ right not only explains
dark energy but also implies that the vacuum energy measured in lab (Casimir effect, Lamb shift,
etc.) is mostly canceled out or not gravitating. MNT might imply that only the uncanceled portion of
vacuum energy gravitates (resolving the “Why doesn't quantum vacuum gravitate fully?”
conundrum). Value vs. experiment: $7\times10/{-27}$ kg/m? 58 matches the latest Planck inference
(about  $6\times107{-27}$ kg/m3. Observationally we have $\rho_{\rm vachapprox
(2.5\times10/{-3}$ eV)$74$ in energy units, which is $5-6\times10/{-10}$ J/m3. MNT's figure is in that
range. Implications: This nails the cosmic coincidence that vacuum energy is small yet dominating
today. It suggests that vacuum energy is exactly constant in space (the lattice is uniform) and
(almost) constant in time - MNT does mention an ultra-slow time variation (see next item). For
practical physics, $\rho_{\rm vac}$ being derived means we could potentially link it to particle
physics: for instance, it could be related to some tiny dimensionless combination of couplings. MNT's
approach might reveal such a combination (like perhaps $(m_e/M_P)*{something}$ or similarly with
other constants equals that small factor). That would unify cosmology’s “cosmic dime” with particle
masses, a huge stride toward an ultimate theory. Additionally, if $\rho_{\rm vac}$ comes out right, it
means MNT's lattice doesn't allow a large vacuum energy - maybe due to a balance of kinetic and
potential node energies in vacuum. That might have testable consequences: e.g., gravity might
behave slightly differently at very small scales if vacuum energy is different at node scale, or
something about how vacuum fluctuations interact with matter (though probably too tiny to
measure). At minimum, it comforts us that an enormous fine-tuning can be avoided by design - an
encouraging sign for theorists.

Dark Energy Equation of State (w) - Derivation in MNT: Since MNT's vacuum oscillation energy is
essentially a constant background, it behaves like a classical cosmological constant with an equation
of state $w = p/\rho = -1$. MNT's vacuum energy does not noticeably dilute or deviate from a
constant in current epoch; any dynamics are so slow as to be negligible 59 . They explicitly note only
a “subtle time-dependence... over extremely long times, too small to observe currently” 59 . That
implies $w$ is exactly -1 to current measurement precision. Why unusual: Some theories like
quintessence propose $w$ slightly different from -1 or evolving. MNT, being more like a fixed lattice
vacuum, gives $w=-1$ identically (perhaps with tiny deviation at the $10/{-122}$ level or so). This is
in line with GR's cosmological constant assumption, but here it's derived. Significance: This is
important for consistency: observations so far find $w \approx -1$ (within ~5% or better). MNT would
have been challenged if it predicted, say, $w=-0.9%. Instead it neatly aligns with a true cosmological
constant model. Value vs. experiment: Current combined data say $w = -1.03\pm0.03$ (consistent
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with -1). MNT effectively gives $w = -1.000$ (with any deviation far below 0.01). Implications: As long
as future observations continue to find $w$ very close to -1, it supports a cosmological constant over
dynamical dark energy - which is exactly the scenario MNT posits. If one day we did measure a
significant $w\neq -1$, MNT might have to incorporate a mild lattice change over time or an
additional field. But MNT's mention of only minute change suggests they align with $\Lambda$CDM
fully. Additionally, their concept of a slight slow resonance decay causing a tiny decline in $\Lambda$
over eons 59 is interesting: it means in the very far future (trillions of years), dark energy might
gradually reduce, possibly avoiding an eternal exponential expansion scenario or big rip. But
practically, that's unobservable now - they correctly emphasize it's too small to see today. So
effectively, MNT predicts $w=-1$ for all foreseeable times, with maybe a prediction that $dw/dt$ is
extremely tiny negative (i.e. $\Lambda$ decays ever so slowly). It's an area where if far-future
precision measurements saw any tilt, MNT's mechanism could be a candidate explanation
(contrasting with purely constant $\Lambda$ in GR which would never change). Right now though,
it's a safe bet that $w=-1% and MNT agrees.

Matter Density Fraction (Q<sub>m</sub>) - Derivation in MNT: While MNT primarily computes
Q<sub>A</sub>, by subtracting from 1 (assuming a flat universe as most inflation-based theories
do), one gets Q<sub>m</sub> = 0.31. MNT's predictions aligning with Planck’s 0.69 for dark energy
means matter (including dark matter and baryons) is ~0.31 of critical density 49 . MNT doesn’t claim
to derive Q<sub>m</sub> from first principles - matter content could be considered an “initial
condition” or outcome of cosmic history (like baryogenesis etc., which they qualitatively discuss 60
61 ). But importantly, MNT is consistent with this value: it doesn't require an exotic matter content
beyond what's known (baryons ~5%, dark matter ~26%). They note consistency with Planck
parameters including matter density 62 . Why unusual: If MNT had predicted a wildly different matter
fraction, it'd be problematic. Instead it adheres to the observed value, showing the lattice vacuum
doesn't interfere with matter content calculations. The actual amount of matter could, in principle,
come from something like the baryogenesis mechanism MNT proposes (see next item) plus dark
matter production. But those specifics aside, matching the broad number is key. Significance: It
verifies that MNT's cosmology reduces to standard ACDM with the same partition of energy: ~30%
gravitating matter, ~70% dark energy. This is essential for consistency with structure formation, CMB
peaks, etc., all of which assume those fractions. Value vs. experiment: Planck finds Q<sub>m,0</sub>
~0.315. MNT presumably uses that in the sense that after computing Q<sub>A</sub> ~0.69 and
assuming flatness, it gets Q<sub>m$=1-Q<sub>A$ ~0.31 (matching Planck's value to within
uncertainties). Implications: By not deviating, MNT ensures it doesn't conflict with observed large-
scale structure or CMB. It also means MNT must incorporate cold dark matter in some form, since
~26% of the universe is dark matter. Indeed, MNT discusses dark matter detection in lattice terms
(see below), showing it accepts the need for DM. Possibly, MNT could even give a handle on the dark
matter amount if, say, the lattice has a property that yields a certain DM production in the early
universe. They have not explicitly derived the DM density (Q<sub>DM</sub> ~0.26) but they ensure
their theory can accommodate it. Baryon density (~5%) might be addressed via their baryogenesis
discussion - they hint at generating the baryon asymmetry (n<sub>B</sub>) naturally 6! , which
would fix Q<sub>baryon} relative to photons. If MNT could derive that too, it would be another big
win, but currently it's at the qualitative stage. The key takeaway: MNT's cosmos at large scales looks
like standard cosmology in terms of composition, which is good because any large deviation would
have been evident in data. For skeptical readers, this demonstrates MNT isn't at odds with
mainstream cosmological fits - rather it underpins them with a new microphysical explanation.
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« Baryon Asymmetry (n<sub>B</sub>) - Derivation in MNT: The baryon asymmetry of the universe is
quantified by n<sub>B</sub> ~ (n<sub>B</sub> - n<sub>anti-B</sub>)/n<sub>photons</sub> ~
6x107(-10). MNT suggests a mechanism for baryogenesis: a slight asymmetry arises from node
interactions at high energy, where vacuum energy density and node pairings favor matter over
antimatter by a tiny amount 63 64 . They talk about spontaneous symmetry breaking in the lattice
and quantum feedback effects generating an excess of matter 61 . While they don't give a number,
they assert that MNT can naturally produce the observed matter-antimatter imbalance. Why unusual:
The SM cannot explain n<sub>B</sub> (it has CP violation but seemingly not enough to get 10/°(-10)
asymmetry after cosmic evolution). Various BSM ideas (leptogenesis, GUT baryogenesis, EW
baryogenesis) exist, each needing new physics. MNT offers a new angle: the asymmetry comes from
the underlying deterministic but asymmetric node dynamics in the early universe. Significance:
Solving baryogenesis would fill a major gap in cosmology. If MNT can actually calculate n<sub>B</
sub> ~ 6x107(-10) from first principles (with lattice parameters), that would be extraordinary. So far,
they outline a qualitative picture where lattice interactions plus the expanding cooling universe leave
a small net baryon number. Value vs. experiment: Not provided explicitly. But presumably, MNT would
tune some small parameter in the lattice interaction (like a tiny CP-violating phase in node couplings)
such that it yields ~one part in 10710 imbalance. Since we haven't seen specifics, we can't judge
precision, but they clearly aim to match the known value if possible. Implications: If MNT's
baryogenesis works out, it means the existence of matter (and not equal antimatter) in the universe
is not an initial condition but a result of fundamental physics. That demystifies why we live in a
matter-dominated universe. It also might connect to the earlier “intrinsic chaotic fluctuations” -
perhaps the slight asymmetry came from deterministic chaos favoring matter via some attractor. For
experimental clues, baryogenesis in lattice might produce subtle signatures - maybe additional
neutrino flavors or gravitational wave backgrounds. MNT doesn't mention those, but one might
speculate if the node processes at baryogenesis energy scales (maybe GUT or intermediate scale)
could leave traces. Nonetheless, from a skeptical reviewer viewpoint, it's encouraging that MNT
authors have thought of baryogenesis at all, as it shows the theory is being applied to major puzzles,
not just cherry-picking easy wins. It will be an area to demand detail in - for now, it remains an
intriguing promise that if the lattice is real, it could unify the solution of micro-physics (CP violation
sources) with macro-outcome (matter excess).

Dark Matter Particle Properties - Derivation in MNT: MNT doesn't fix a single number for dark
matter, but it provides a framework for what dark matter could be: either an undiscovered heavy
node-excitation mode or an “effective gravity” phenomenon from the lattice 65 . They lean towards a
particle (WIMP-like) and consider masses from keV to TeV possible 66 , depending on lattice
parameters. For example, they mention a concrete search window: $m_\chi \sim 10-100$ GeV as
WIMP-like, with cross-sections below current XENONNT/LZ limits 66 67 . Why unusual: MNT doesn’t
pinpoint one mass/cross-section; rather, it says lattice excitations could cover a range. This is not too
different from general WIMP theories which also had a broad range before experiments. But MNT's
key difference is that the DM's interaction strength isn't arbitrary: it is related to the same lattice
coupling that yields other constants. They note that any MNT DM must have $\sigma_{\chi N}
\lesssim 107 {-47}$ cm? (to not yet be seen) 67 , and interestingly suggest if an unexplained excess
near threshold in XENON is found (like the slight ~keV electronic recoil anomaly XENON1T saw), it
could be a lattice effect (monoenergetic hidden photon) 68 . Significance: MNT engages with direct
detection experiments. It basically says: we expect DM, likely WIMP-ish, but it might have cross-
sections just under current bounds - which is optimistic, as those experiments will improve
sensitivity soon. If MNT is right, DM might be found just as experiments hit ~10A-47 cm? at tens of
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GeV. That's a bit like predicting a WIMP at the edge of detection - a bold but falsifiable stance. Value
vs. experiment: Currently XENONNT's best limit at ~30 GeV is ~2.6x10”-47 cm? 67 . MNT says a
candidate must satisfy 0 < ~1x10A-47 cm? 67 . That's consistent - it doesn't say where in that range,
just below. If future runs push to 107-48 and still nothing, MNT might have to allow even lower cross-
sections (like maybe DM is heavier or more elusive, e.g., “effective gravity” or sterile nodes of higher
mass). Implications: If a WIMP is detected soon, MNT will likely attempt to incorporate it as a lattice
mode (like a stable heavy node resonance X). They already encourage looking for seasonal
modulation or directional signals because a fixed lattice could produce preferred directions (“dark
wind” effect) 6@ . That's interesting: a preferred frame signature would violate pure Lorentz
invariance, but if it's subtle (like anisotropic DM velocity distribution), it might be seen by directional
detectors. If such an anomaly appears (DAMA claimed modulation, but others didn’t confirm), MNT
could claim it's the Earth moving through the lattice. Without a detection, the preferred frame
remains undetected, meaning lattice effects must be extremely small on dark matter distribution. In
any case, MNT's willingness to align with mainstream DM search results is good - it doesn't conjure
an alternative that DM is something weird that can't be found. Instead, it fits into the WIMP
paradigm while adding its twist (the scaling of cross-section with mass and expectation of small
signals). Should experiments like LZ, SuperCDMS, or future ones find DM or push limits lower, MNT
will either be vindicated (if a DM particle in the expected range shows up) or have to retreat to e.g.
~TeV WIMPs or other ideas (which they mentioned as possible). But given the no “statistically
significant discrepancy” with any LHC observable 24 , they haven't invoked new stable particles up to
~hundreds GeV, implying if DM is a particle, it likely lies at higher mass (or lower coupling enough to
evade LHC missing energy searches). That could mean something like a “sterile neutrino ~keV” or an
axion-like hidden photon ~keV causing the XENON1T blip €8 . They indeed mention keV-MeV dark
photons. Those are other DM candidates consistent with MNT. So MNT is open to multiple forms of
DM, but all within well-trodden ranges, simply reinterpreted as lattice excitations. The bottom line is
that MNT does not contradict the cosmological need for DM and is adaptive to whatever DM turns
out to be (provided it fits in their unified coupling scenario).

Predicted 2-5 TeV “X" Resonance - Derivation in MNT: MNT posits that the lattice should have
higher-frequency excitations beyond the known particles. They specifically highlight a potential X
boson in the 2-5 TeV range that could decay into lepton pairs or photons 70 . This comes from the
idea of discrete lattice modes - after the $Z$ (which was ~0.09 TeV) and presumably any Higgs
resonances, the next lattice vibration might appear at multi-TeV. They note no other theory predicts
such discrete resonances at accessible energies, making it a smoking gun test 71 . ATLAS's diphoton
searches around 2 TeV so far set a cross-section limit ~0.2 fb at 2 TeV 71, which MNT uses as a
target. They basically predict that with more data, a bump might appear in, e.g., the di-lepton or di-
photon invariant mass spectrum. Why unusual: While many theories predicted various resonances
(Randall-Sundrum gravitons, $Z'$ bosons, etc.), MNT's rationale is unique: it's not an additional force
or dimension, it's the first excitation of the spacetime lattice itself. And they give a broad range (2-5
TeV) rather than a specific mass, reflecting some uncertainty in lattice parameters but a belief that it
could be reachable by LHC upgrades or next colliders. Significance: This is a very concrete prediction.
If the LHC or future 100 TeV collider sees an unexpected resonance in that window, MNT would gain
enormous credibility. Conversely, if nothing is seen up to, say, 10 TeV, one might question whether
the lattice excitations start only at Planck scale (which would be out of reach, making MNT hard to
test directly). MNT betting on a low-TeV mode is bold and gives a tangible test soon. Value vs.
experiment: LHC currently has seen no confirmed new resonances up to ~5 TeV in those channels.
But data is still being collected. MNT does not claim a precise mass, just that something should show
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up in that range if lattice spacing has a low-lying mode. They cite ATLAS limits at 2 TeV 71 to indicate
current reach. Possibly MNT expects the resonance cross-section to be just under those limits.
Implications: If a 2-5 TeV resonance is found, initially it would be interpreted as, e.g., a new heavy
gauge boson ($Z'$, etc.), or a Randall-Sundrum graviton. But MNT would offer an alternative: that it's
a lattice vibration. How to distinguish? Possibly by its pattern of couplings: MNT might predict that it
couples “democratically” or in a certain ratio to quarks/leptons not following simple gauge charges.
That could be diagnostic. Or if multiple resonances appear at somewhat regular intervals (like a
Kaluza-Klein tower but not exactly), it could hint at lattice modes. If nothing is found at LHC, maybe a
future 100 TeV collider could push to 20-30 TeV; if still nothing, MNT might have to say “the first
excitation is near Planck scale, out of reach,” which makes the theory less falsifiable but not
disproven. However, because they emphasize this as a unique MNT prediction, they seem confident
something might lurk just beyond current sensitivity, which raises stakes. For now, experimentalists
are actively looking in that range (Run-3 and HL-LHC will improve sensitivity). If a small excess
emerges (some bumps have come and gone in LHC data around 1.5-3 TeV), MNT will have
something to say. If no bump, MNT's claim of “accessible lattice excitation” might shift to “okay,
maybe 10 TeV, 50 TeV,...” which gets more speculative. But making falsifiable predictions is the mark
of a grounded theory, so this is in MNT's favor in terms of being taken seriously by skeptics: it's not
just explaining known constants after the fact, it's predicting new phenomena.

Gravitational Wave “Echoes” - Derivation in MNT: MNT predicts that black hole mergers’ ringdown
gravitational waves might have extra, delayed “echo” pulses due to the lattice structure of horizons

72, The idea: if the horizon is not a featureless surface but a region of coherent nodes, it might
reflect a tiny portion of waves, causing repeating echo signals after the main ringdown. They
reference the specific case of GW190521 where two ringdown modes were observed (consistent with
GR), but MNT suggests additional subtle modes or echoes could exist 72 . Why unusual: In GR, once a
black hole rings down, that's it - no echoes, horizon is absorbing perfectly. Echoes are a signature
predicted by some quantum gravity ideas (like firewall or exotic compact objects). MNT's lattice gives
the horizon a slight reflectivity (not exactly a classical BH), leading to echoes. Significance: This is a
direct quantum-gravity phenomenology prediction. If LIGO/Virgo or future detectors find echoes
(some tentative claims exist, but not confirmed), it could signal something beyond classical GR at
play. MNT offers one explanation for echoes. Value vs. experiment: So far, no widely accepted echo
detection. Some analyses of LIGO data have seen hints at modest significance, but nothing
conclusive. MNT posits that if one did see a sequence of decaying pulses after the main signal, that
matches lattice expectations 73 . Implications: MNT encourages dedicated echo searches, saying
detection would support the lattice, null results constrain node coupling at horizons 73 . So either
outcome is informative: if no echoes, the lattice at horizon might need to be more perfectly
absorbing (maybe coupling is adjusted). If echoes are found, it's a win for MNT-like ideas. Upcoming
detectors like LISA or Einstein Telescope might have sensitivity to subtle echoes. This is another
example of MNT being testable in principle. For skeptical physicists, that's crucial. Also, if echoes are
seen with certain time spacing, one could infer properties of the lattice (like cell size ~ Planck length
would imply very short delay, so realistically if any, it's due to an effective scale perhaps larger -
some have suggested Planck-scale echoes would be too fast and damped to catch, but who knows if
collective effects make a larger effective length). MNT's note that null results “constrain coupling”
suggests even if we don't see echoes, one can bound how rigid or dissipative the horizon's node
configuration must be (which would be an interesting translation of observational limits into theory
parameters). All told, this is a nice interplay of theory and gravitational wave data.
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In summary, MNT-Refined provides a comprehensive, deterministic lattice framework that reproduces a vast
array of physical constants with striking accuracy - from particle masses and coupling constants to
cosmological parameters - all via novel derivations rooted in discrete spacetime physics. These derivations
differ from standard theories by eliminating many “free” fundamental parameters and replacing them with
calculable consequences of the lattice structure. The theoretical insight is profound: phenomena as
disparate as quantum particle masses and dark energy might share a common origin in the geometry and
dynamics of an underlying space-time lattice. If validated, this would unify physics in a single framework,
offering predictive power (e.g., new resonances, subtle violations of continuous symmetries) beyond the
Standard Model and ACDM. Of course, extraordinary claims require extraordinary evidence. MNT invites
rigorous scrutiny - through its cross-domain predictions (LHC signals, oscillation patterns, gravitational
wave echoes, etc.) - which present multiple opportunities to confirm or falsify its claims. For now, the fact
that MNT can quantitatively match known constants across 40+ orders of magnitude (from $G$ down
to $\Lambda$) with one consistent model is compelling. It suggests that what we call “fundamental
constants” may not be fundamental after all, but rather emergent properties of a deeper, deterministic
substructure of reality - the Matrix Node lattice.
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