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Overview: The manuscript introduces the Triad Model, a highly ambitious theoretical framework 

proposing a common substructure for all fundamental particles and spacetime itself. In this picture, twelve 

light axion-like fields (ℏω oscillator modes) are the basic constituents that assemble into composite 

gauge and matter fields. Specifically, groups of these axions bind into eight-gluon “Octons” (each an SU(3) 

color octet of gluons). These Octons then combine in various ways to produce: 

• Quarks: Modeled as single Octons (each quark is a stable configuration of one eight-gluon octet). 

• Gauge Bosons (Photon, W, Z): Modeled as Dyads – bound pairs of Octons – with particular 

orthogonal alignments that confer the photon’s masslessness and the W/Z’s chiral mass-generating 

structure. 

• Leptons: Modeled as Triads – bound triplets of Octons – that saturate color charge internally (i.e. 

each triad is color-neutral) so that leptons do not feel the strong force. 

• Discrete Spacetime Lattice: Modeled as an endless tiling of these lepton Triads. The charged 

lepton triads (positron-like vs electron-like units) form an alternating dimer lattice that fills 3D 

space with no preferred direction. This lattice is based on a high-symmetry polyhedron (the 

stellated rhombic dodecahedron) to ensure isotropy and nearest-neighbor uniformity. Spacetime, 

in this view, is an emergent medium (“internal lattice”) rather than a continuum – its geometry 

determined by the dynamics of these triad-dimers. 

Field-theoretic formulation: The authors present a (3+1)D relativistic scalar Lagrangian for the axion–

oscillator system, along with a derived 3D lattice Hamiltonian that describes the discrete spatial 

structure. They show that in the continuum limit the lattice reproduces Lorentz-invariant kinematics up to 

small O(a^4k^6) corrections (dimension-6 operators suppressed by the lattice scale). In essence, Lorentz 

symmetry is not put in by hand but emerges at long wavelengths, with a Baxter eight-vertex transfer-

matrix construction illustrating how a “lattice boost” operates in (1+1)D slices. The underlying symmetry 

structure is SU(3)×SU(3)×SU(3) (24 generators) broken down to the Standard Model gauge group SU(3)_C 

× SU(2)_L × U(1)_Y (12 generators); the 12 Nambu–Goldstone modes on this coset correspond to the 

model’s 12 light axions. This connects the “12 axions” to a trinification symmetry often discussed in GUT 

contexts (though here realized in a novel composite way). 

Gravity and spacetime dynamics: Gravity emerges in the Triad Model via local distortions of the lattice. 

Matter particles continuously exchange axion quanta with the lattice; an excess of axion absorption by the 

lattice causes nearby triad-dimers to shrink (in a conformal metric sense), producing an inward metric 

perturbation. The manuscript shows that a conformal factor σ(x) can be defined such that g_{μν}(x) ≈ 

e^2σ(x) η_{μν}, with σ ≃ Φ_N/c^2 reproducing the Newtonian potential. Thus, to leading order the model 

yields Poisson’s equation ∇^2Φ_N ≃ 4πGρ for matter coupled to the lattice (plus an axion energy 

contribution). The Einstein–Cartan (EC) extension is also invoked: the lattice’s internal spin/chirality can 

source torsion in extreme conditions, potentially averting singularities. Notably, the authors posit that in 

regions of ultra-high density (e.g. inside black holes) the lattice can undergo phase transitions to heavier-

generation dimers (muon- or tau-based), which are far stiffer and provide an effective repulsion (a form of 

core pressure) that halts collapse. This yields a picture of black holes with finite, non-singular cores 

supported by torsion-like effects and generation-dependent vacuum stiffness. 
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Higgs and generational structure: The model offers an unconventional interpretation of the Higgs field. 

The entire spacetime lattice is a spin-0 condensate of electron-type dimers, and its collective excitations 

include three scalar modes corresponding to electron-, muon-, and tau-dimer oscillations. The observed 

125 GeV Higgs is proposed to be the lightest of these scalar modes (predominantly the tau-dimer 

oscillation mode, given its strong coupling to third-generation fermions). This nicely explains the Higgs’ 

known decay pattern: it couples most to heavy flavors (e.g. h→bb̄ ~58%, h→τ^+τ^− ~6%) and very little to 

light ones (e.g. h→e^+e^− extremely tiny). In the Triad picture, this is because the lattice scalar mode has 

greater overlap with heavier-family matter, naturally yielding the observed branching fractions. The two 

additional “Higgs” modes (e-dimer and μ-dimer excitations) would be other scalar resonances (potentially 

broad or at different masses) that might be sought experimentally. 

Quark and lepton masses/mixings: All quark generations are constructed from the same underlying 

Octon with slight structural differences. The author develops a graph-theoretic model in which each Octon 

is an 8-node graph (representing the 8 gluonic sites) with strong bonds connecting color-triplets. Second- 

and third-generation quarks correspond to “bond-swapped” versions of the first-generation graph, 

introducing small fractional weak bonds. By treating quark mass splitting as eigenvalues of an effective 

Laplacian on this graph, the model can reproduce a hierarchical mass spectrum and even the Cabibbo–

Kobayashi–Maskawa (CKM) mixing matrix: the CKM angles arise from the relative eigenvector rotations 

between the up-type and down-type quark Laplacians. The manuscript outlines a six-step “fitting recipe” 

whereby a judicious choice of which bond(s) are weakened for each generation yields quantitative 

agreement with quark masses and mixings. CP-violating phase in CKM is attributed to small complex 

phases on certain loops in the Octon graph (analogous to introducing tiny Hermitian phase factors on 

bonds). While these steps involve some parameter tuning, the key point is that masses and mixings are 

traced to structural features of the Octon subunits, offering a potential geometrical origin for flavor 

physics. 

Dark matter and dark energy aspects: The twelve axion-like modes in this model naturally suggest a 

multi-axion dark matter scenario. The axions are presumed very light, cold, and only feebly coupled 

(with a decay constant f_a on the order of 10^9–10^11 GeV, yielding photon couplings g_{aγγ} ∼10^(-12)–

10^(-11) GeV^(-1) in line with stellar and laboratory bounds). If one of these modes is the QCD axion 

(solving the strong CP problem in the usual way), the others would be additional axion-like particles (ALPs) 

populating an “axion sector.” The author suggests that galactic halos could consist of an “axion sea,” whose 

subtle gravitational effects (e.g. interference patterns if ultra-light) might help flatten rotation curves or 

produce small lensing distortions. On the dark energy side, the existence of three distinct vacuum dimer 

flavors (e, μ, τ) with vastly different energy densities provides a built-in mechanism for an effective Λ that 

can evolve over cosmic time. In the early universe or extreme environments, heavier μ- or τ-dimers could 

dominate, acting like a large transient vacuum energy (inflation-like or inside high-density objects), 

whereas the current universe is dominated by the lightest e-dimer vacuum, yielding a small residual Λ_eff. 

This yields a dynamic dark energy ansatz (Λ_eff = Λ_0 + ∑_i λ_i n_i(x), with n_i the local density of each 

dimer flavor). The model doesn’t solve the fine-tuning problem of Λ from first principles, but it recasts dark 

energy as an environmental property (which dimer flavor fills the vacuum) rather than a fixed fundamental 

constant. 

Testable predictions: A notable strength of the manuscript is its emphasis on falsifiability. Section 9.8 

lays out a broad suite of experimental and observational tests spanning multiple arenas. These include: 
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• Gravitational waves from black-hole mergers: Look for late-time “echoes” in LIGO/Virgo data, as 

a hint of a torsion-supported interior (predicting echo delays scaling with BH mass and spin). 

• Black hole imaging: Search EHT observations (M87*, Sgr A*) for slight departures from a perfect 

Kerr shadow (e.g. a persistent, spin-correlated asymmetry in brightness) that could indicate lattice-

induced frame dragging beyond standard GR. 

• Strong lensing anomalies: Statistical excess in microlensing or flux anomalies in lensed quasar 

systems, beyond what normal CDM subhalos predict – especially with a wavelength dependence 

hinting at wave-like (fuzzy) axion structures. 

• Higgs decays: Global fits to Higgs boson branching ratios – any pattern of deviations (within 

current LHC uncertainties) that shows a collective tilt (e.g. slightly enhanced h→ττ, h→bb and 

suppressed h→WW, etc.) would support the notion that the 125 GeV scalar is part of a broader 

lattice spectrum. 

• New scalar particles: Dedicated searches in rare meson decays (e.g. B→K + X, X→μ^+μ^−) for 

narrow resonances around the GeV scale, which could reveal the predicted e-dimer or μ-dimer 

“Higgs” modes (the paper highlights ~0.6 GeV and ~7 GeV as benchmarks). 

• Rare neutral meson decays: Light axion-like particles could appear as π^0, η → γ + X (with 

X→e^+e^−); the model motivates renewed bumps hunts in these channels (NA62, KOTO, etc.) to 

directly test for sub-GeV mediator particles. 

• Optical “light-shining-through-wall” (LSW) experiments: Laser-based axion regeneration 

setups (e.g. ALPS-II, etc.) could detect the axion sector. The Triad benchmark couplings (g_{aγγ} 

~10-11 GeV-1) are within reach of upcoming experiments, so a positive signal or tightening null 

constraint will impact the allowed parameter space. 

• Vacuum birefringence: Polarization rotation in a vacuum cavity under strong magnetic field 

(PVLAS-type experiments) beyond the QED prediction could signal an axion background. The 

model suggests a tiny extra rotation (Δψ ~10-10 rad/m) – small but perhaps detectable with future 

sensitivity. 

• Running of electron g–2: The presence of internal axion–oscillator structure might induce 

minuscule energy-dependence in the electron’s effective g-factor. The authors propose measuring 

g–2 at different momentum transfers (via Penning traps or storage rings) to search for a tiny 

deviation (~10-13 at q2 ~ GeV2). 

• Interferometer noise (“holographic noise” analog): The discrete lattice implies a fundamental 

length scale; long-integration Michelson interferometers could exhibit a stationary, direction-

independent noise spectrum (δL/L ~10-20) characteristic of spatial graininess. The model 

encourages new Holometer-style experiments to either observe or further limit such Planckian 

positional noise. 

• Neutrino oscillation anomalies: The Triad’s “mode locking” mechanism for neutrinos might 

induce an energy-independent phase shift in oscillation patterns. Long-baseline experiments could 

look for a slight offset in the ν_μ→ν_e oscillation phase that is consistent across energies – a 
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distinctive signature of the model’s neutrino sector couplings (though details of neutrino mass 

generation remain to be fleshed out). 

In summary, the manuscript presents a unified composite model that covers an enormous breadth – from 

QCD confinement to the cosmic lattice – all built on a single set of postulated entities (axion-like 

oscillators). The key claimed contributions are: (i) a single underlying lattice structure for both matter 

and spacetime (offering a possible resolution to the QFT–GR disconnect by introducing a Planck-scale 

microstructure); (ii) a structural explanation for the particle spectrum (three generations, mass 

hierarchy, CKM, etc.) in terms of geometric/algebraic sub-units; and (iii) a suite of falsifiable predictions 

across domains, deliberately distinguishing the model from more purely theoretical unification attempts. 

The authors are careful to label the more speculative aspects (adaptive spacetime lattice, variable Λ_eff, 

torsion inside black holes) as testable hypotheses rather than established facts, and they anchor their 

theoretical constructions in conventional formalisms (Lagrangians, Hamiltonians, symmetry cosets, etc.) to 

invite scrutiny from all angles. 

Strengths of the Manuscript 

• Novel and Ambitious Synthesis: The work tackles the grand challenge of unifying particle physics 

and spacetime structure in a single framework. The Triad Model is highly original – it fuses ideas 

from composite models, lattice field theory, grand unification, and quantum gravity into a coherent 

proposal. The concept of a physical spacetime lattice built from the same entities that compose 

quarks and leptons is genuinely novel. This provides a fresh perspective on longstanding 

problems like the nature of space at the Planck scale and the origin of the Standard Model’s particle 

content. The model’s use of SU(3)^3 trinification symmetry to organize the 12 axionic modes is a 

clever repurposing of an old GUT idea in a new context, connecting neatly to known group-theoretic 

results (the 24→12 coset). 

• Comprehensive, Coherent Framework: Despite its breadth, the model is presented as a logically 

self-contained structure. All subcomponents – axions, gluons, quarks, flux tubes, leptons, gauge 

bosons, Higgs, spacetime – fit into a single narrative built on common building blocks. The 

authors carefully show how each level of complexity emerges from the previous: e.g. how simple 

oscillator modes give rise to SU(3) gluon octets, which then form the combinatorial bases for 

hadrons and a lattice of spacetime. This hierarchical construction lends an internal coherence: 

there is a single “ontology” throughout (the axion/gluon units), rather than a heap of disconnected 

assumptions. Importantly, many puzzles find mutual resolution in this setup – e.g. quark 

confinement and the existence of QCD flux tubes become natural consequences of the Octon 

structure (“Gluet” flux tubes connecting Octons) rather than separate postulates; similarly, the 

number of particle generations and the symmetry of the spacetime lattice are tied together by the 

same geometric triad motifs. This interlocking quality is a strength: if the model is on the right 

track, it elegantly addresses multiple issues at once with a common mechanism. 

• Use of Advanced Mathematical Structures: The manuscript employs sophisticated algebraic and 

geometric tools (Jordan algebras, octonions, graph Laplacians, coset construction via CCWZ, 

Baxter’s eight-vertex model, etc.) in service of physics. This demonstrates a high level of theoretical 

rigor. For example, representing the 8-gluon Octon as a 3\times3 Jordan matrix with octonionic 

entries is a bold idea that connects to the mathematics of exceptional algebras (refs. [3–5] are 
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cited) and to recent work deriving Standard Model features from division algebras. By doing so, the 

author isn’t just hand-waving a composite model but providing a concrete algebraic 

representation for the substructure of quarks and leptons, which experts can scrutinize or 

build upon. Likewise, the formulation of the axion sector as a nonlinear sigma model on 

SU(3)3/SU(3)×SU(2)×U(1) anchors the new fields in a known symmetry-breaking framework 

(ensuring the 12 “axions” have well-defined transformation properties akin to Goldstone modes). 

These choices lend credibility, as they leverage established formalisms rather than ad hoc 

parametrizations. 

• Explicit Field-Theoretic Detail: Unlike many high-level unification proposals, this manuscript 

delves into the details of Lagrangians and Hamiltonians. It doesn’t simply state ideas qualitatively; 

it writes down equations to model them. For instance, the authors present a detailed Lagrangian 

density for the axion–oscillator chain (with kinetic, potential, and interaction terms) and then 

perform a Legendre transform to get the Hamiltonian, including additional locking terms that 

enforce the desired mode structure for leptons and neutrinos. They verify that the lattice 

discretization is Lorentz-symmetric to leading order and quantify the expected Lorentz-violation at 

$O(a^4)$. They also work through a simplified graph Laplacian model for quark masses and 

mixings, deriving formulas for mass shifts and mixing angles (Eqs. CKM-1, CKM-2 in the text). This 

level of technical development shows that the Triad Model is not a mere sketch; it has been thought 

through to a point where one can, in principle, plug in numbers and test consistency. For the reader, 

these derivations make the proposal more concrete and followable. Moreover, by casting the model 

in standard theoretical physics language (Lagrangians, eigenmode analysis, etc.), the author invites 

experts to reproduce, verify or challenge each step. 

• Physical Intuition and Consistency with Known Limits: The model builds in several features to 

ensure consistency with known physics. For example, each lepton Triad is color-neutral and 

saturates all internal “color” bonds, which nicely accounts for why leptons do not participate in 

the strong interaction. The mechanism of color saturation in a composite object is a clear and 

plausible way to recover a fundamental principle of the Standard Model (color confinement of 

isolated leptons). As another example, the axion sector parameters are chosen conservatively to 

satisfy existing experimental bounds: the paper explicitly discusses choosing a high axion decay 

constant (f_a ~ 109–1010 GeV) and nearly vanishing electron couplings so as to evade stellar cooling 

limits and laboratory searches. It also mentions that only one of the 12 axions needs to fulfill the 

QCD axion relation, while the rest can be lighter ALPs, thus not overconstraining the scenario. This 

demonstrates a good phenomenological awareness: the author is not oblivious to experimental 

constraints and has made an effort to align the model with current empirical knowledge (e.g., no 

obvious violation of astrophysical limits, Lorentz invariance, cosmological observations, etc.). Even 

the spacetime lattice is made as symmetric as possible (using the highest-symmetry space-filling 

polyhedron and alternating charges to preserve parity), reflecting an intent to recover 

approximate homogeneity and isotropy at large scales. In short, the model is crafted to fit known 

physics where it must, which is a necessary condition for any candidate theory. 

• Multiple Falsifiable Predictions: A major strength is the model’s testability. The author goes to 

great lengths to identify distinctive signatures in various domains – from gravitational wave echoes 

to rare meson decays – that could confirm or refute core elements of the theory. Each proposed test 
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in §9.8 is presented with a clear criterion for “pass vs fail” and how it differs from the Standard 

Model or GR expectation. This approach is commendable and relatively rare in papers proposing 

such a sweeping new framework. It shows scientific responsibility: the author acknowledges that 

several aspects (variable cosmological constant, torsion-regulated black holes, an axion sea, etc.) 

are unconventional, so he explicitly frames them as hypotheses and outlines how experiment 

can judge them. The broad span of these tests also means the theory could be probed in the near 

term (for instance, analyzing existing LIGO or EHT data for the subtle effects suggested, or using 

upcoming intensity-frontier experiments to search for the predicted light scalars and axions). This 

boosts the model’s appeal as a scientific theory – it does not reside purely in metaphysical 

speculation but steps into the domain of empirical science with concrete, if challenging, verification 

pathways. In particular, the predicted pattern of Higgs coupling deviations and possible detection 

of additional Higgs-family scalars (e- and μ-dimer modes) at low masses is exciting, as it could be 

addressed by ongoing experiments (LHC, Belle II) relatively soon. Likewise, the idea of Planck-scale 

“holographic noise” being within reach of novel interferometry provides an unconventional, but 

intriguing experimental angle. By listing these, the author also implicitly limits the wiggle-room of 

the theory – a collection of null results in these channels would significantly constrain or falsify the 

model, which is the mark of a healthy scientific proposal. 

• Clarity of Presentation and Tone: Overall, the manuscript is written in a scholarly and careful 

tone. Despite the complexity, the author introduces terminology (Octons, Dyads, Triads, Gluets, 

etc.) clearly and uses them consistently throughout. The paper is well-organized into sections that 

mirror the logical buildup of the model (from motivation to construction, then implications for 

hadrons, leptons, gauge bosons, and finally spacetime and cosmology). The inclusion of diagrams 

(not visible in this text mode, but referenced as Fig. 2, Fig. 27, etc.) and bullet-point summaries for 

key arguments is very helpful. For example, the properties required of the spacetime subunit are 

enumerated clearly as four criteria, and the features of the T+:T− dimer lattice (charge alternation, 

strong-force isolation, mechanical stability, field propagation) are listed in a digestible format. This 

structure aids the reader in digesting an otherwise dense paper. The academic quality of the writing 

is high: the author avoids grandiose claims and carefully separates well-founded results from 

speculative extrapolations. Notably, throughout the later sections there are “Conservatism check” 

paragraphs (e.g. for dark matter, dark energy, black holes, wave/particle picture) where the author 

explicitly tempers the claims and notes that these are not proven conclusions but rather conceptual 

bridges to be tested. Such candor is appreciated in a referee context, as it indicates the author is not 

overstating what the model can currently explain. The references are ample and pertinent, situating 

the work properly in the context of preon models, algebraic approaches, lattice QCD, axion physics, 

and Einstein–Cartan gravity. By citing both classic works (e.g. Gell-Mann, Harari, Hehl) and very 

recent papers (2023 arXiv results on axions, Jordan algebra for CKM, etc.), the manuscript shows 

the author’s engagement with relevant literature. This enhances credibility and demonstrates that 

the Triad Model, while ambitious, did not emerge in a vacuum but was informed by numerous 

threads in theoretical physics. 

In summary, the manuscript’s strengths lie in its innovative unification idea, thorough theoretical 

exposition, alignment with known physics, and emphasis on testable outcomes. The author has 

clearly invested substantial effort in making the proposal as concrete and self-consistent as possible. If 

even part of this model holds true, it would represent a significant breakthrough; accordingly, the author 
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has set a suitably high bar by identifying multiple ways nature can confirm or reject it. The work’s 

creativity and scope make it suitable, in principle, for a high-impact journal – provided the remaining 

concerns (discussed below) can be adequately addressed. 

Weaknesses and Potential Concerns 

While this manuscript is impressive in scope, there are several significant weaknesses and open 

questions that need to be addressed to meet the standards of a high-impact, peer-reviewed publication: 

• Complexity and Length: At 85 pages, the manuscript is extremely long and dense. The sheer 

volume of new concepts, terminology, and derivations could overwhelm readers and reviewers. 

This complexity makes it hard to identify which aspects of the model are firmly established results 

versus which are speculative or model-dependent. For example, the paper jumps from quantum 

oscillators to octonionic algebra to polyhedral lattices to cosmology, each of which could be a paper 

(or field) in itself. The risk is that the core message gets diluted. High-impact journals typically 

expect a clear, focused narrative, but here the narrative spans all fundamental interactions and then 

some. The breadth is admirable, but as a consequence, some derivations are only sketched or 

rely on many unstated assumptions. For instance, the construction of the lattice boost via an 

integrable 8-vertex model is intriguing, but it’s presented briefly; a reader might remain 

unconvinced that this can be generalized to full (3+1)D Lorentz covariance (beyond the fact that 

leading-order dispersion is correct). Similarly, the treatment of flavor physics via Laplacian graphs, 

while suggestive, involves a number of fitted parameters (choice of weak bonds ε, etc.) and is not a 

unique prediction of the theory so much as a retro-fitting. The manuscript would benefit from a 

sharper focus – as it stands, it reads almost like a theory manifesto covering many ideas rather 

than a traditional research article with one clear punchline. This could impede its acceptance in a 

journal like PRD or JHEP, where even theoretical papers benefit from concise presentation. 

Reviewers are likely to question whether the work might be better split into two or more 

publications (for example, one focusing on the particle substructure and one on the spacetime 

lattice and gravity aspects) to make each part more digestible. In its current unified form, the high 

complexity is a weakness because any single referee (or typical reader) will likely find certain 

sections outside their expertise, making it difficult to confidently assess the whole. 

• Speculative Leap in Spacetime Treatment: The idea of a dynamical spacetime lattice is 

fascinating but also highly speculative. The manuscript essentially proposes replacing the smooth 

manifold of GR with a crystal-like structure of Planck-scale cells. While this is presented as 

background-independent (since the lattice itself responds to matter), it raises concerns: 

diffeomorphism invariance and general covariance – pillars of GR – are not obviously respected. 

The author acknowledges that deriving full diffeomorphism invariance or Einstein’s field equations 

from this lattice is beyond the current scope. This admission is appropriate, but it means the gravity 

side of the model is still qualitative. The model as it stands gives a plausible deformation of the 

metric (a conformal factor field σ) to mimic Newtonian gravity, and even suggests how torsion 

could arise in extreme cases, but it does not demonstrate recovery of the full Einstein equations 

(with tensorial gravitational waves, frame dragging in the weak field, etc.) in the continuum limit. 

The approach to gravity is non-standard (conformal+torsion) and it is not clear that it 

reproduces all observed GR successes. For instance, would the lattice allow for proper Lorentz 

contraction and time dilation in all directions, or only along specific lattice axes? The Lorentz 
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symmetry is argued to emerge (and is even built in along 1+1 slices), but without a proof in 3+1 

dimensions, some experts will be skeptical that true local Lorentz invariance (especially for 

arbitrary motion through the lattice) can hold exactly. There’s also no demonstration that the 

lattice dynamics yields something akin to Einstein’s equations for the σ field beyond the simple 

Poisson equation in the Newtonian limit. In a high-impact journal, referees will likely demand a 

clearer connection to established GR. Without that, the gravity part might be seen as an inspired 

guess rather than a rigorously derived consequence. This is a weak point because the raison d’être 

of the model is unifying with gravity – if the gravity sector is not yet fully convincing or is only an 

“analogy” to GR (via conformal strain), it will temper enthusiasm. 

• Introduction of Many New Fields and Entities: The model postulates twelve axion-like fields, 

four distinct SU(3) gluon octet groupings (the Octons), plus composite states for all known 

particles, plus multiple new scalar states (the additional Higgs/dimer modes). That’s a lot of new 

content. While each element is motivated by the symmetry or structure, one must consider Occam’s 

razor and experimental non-observance so far. Twelve light axions in particular is a bold 

assumption – current cosmological constraints (e.g. isocurvature bounds, sum-of-light-particles 

constraints) and astrophysical constraints (on additional cooling from new light species) will 

significantly restrict such a sector. The author does attempt to thread the needle by choosing 

parameters that make these axions very weakly coupled (hence “invisible”). However, some 

readers may question the naturalness of needing twelve axions; even in string-theoretic axiverse 

scenarios, having so many ultra-light scalars is theoretical possible, but it begs the question of 

whether any of them lead to phenomenological problems (domain walls, fifth forces, etc.). The 

paper does not address, for example, whether each axion has an associated discrete symmetry that 

could produce cosmological domain walls upon spontaneous symmetry breaking – a classic 

problem for axion models if the symmetry is broken after inflation. With twelve axions, the domain-

wall problem could be exacerbated unless some clever structure (like alignment or inflationary 

dilution) is assumed. This is not discussed and represents an uncertainty in the cosmological 

consistency of the model. 

• Phenomenological Tuning and Unproven Aspects of the Particle Sector: On the particle physics 

side, there are aspects that might draw skepticism. The model requires that all Standard Model 

fields are composite, bound states of these axionic/gluonic subparticles. Historically, composite 

models (preons, etc.) have struggled because they tend to induce observable effects: for instance, 

excited states of quarks/leptons or form-factor deviations in high-energy scattering that haven’t 

been seen. The Triad Model tries to avoid some of these issues by positing a very high binding-

energy scale (essentially the lattice spacing near Planckian, so compositeness effects are strongly 

suppressed at accessible energies). Even so, if quarks and leptons have substructure, one might 

expect rare processes like lepton number violation or proton decay via subconstituent exchange. 

The manuscript does not discuss proton stability or whether the composite structure could allow a 

proton to decay (perhaps it doesn’t, but it should be clarified why – e.g. is baryon number or some 

equivalent conserved in the substructure dynamics?). Similarly, the model’s hypercolor or binding 

force is somewhat implicit – presumably the “axion-gluon oscillator chain” has self-interactions that 

confine the axions into Octons, but the exact nature of the binding potential is not fully specified 

beyond a lattice Hamiltonian ansatz. This could be viewed as a gap in the dynamical explanation: 

we are told these axions self-assemble into SU(3) octets, but why those particular combinations are 
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stable bound states (and others aren’t) is something a reader might want to see derived or at least 

argued by energetics. In places the author appeals to geometric symmetry (octahedral) as a reason 

these 8-gluon states are special, but energetically this is assumed, not shown. It leaves a potential 

concern that the model’s composite spectrum is being arranged to match the SM, rather than 

emerging unambiguously from a deeper force law. 

• Heavy Reliance on Analogy (Octonions, Lattice Models): The use of octonionic Jordan matrices 

and references to the Baxter eight-vertex model may raise eyebrows among some particle 

physicists. While these mathematical structures are intriguing, one must be careful they do not 

come off as esoteric decorations rather than essential features. For instance, the paper makes 

an analogy between the “8” in an SU(3) octet and the 8 allowed vertex configurations in Baxter’s 

model, to construct a lattice boost operator. This is a clever idea, but it might strike some as a 

numerical coincidence being leveraged rather than a deeply derived symmetry principle. If this 

connection is not robust, the whole claim of an exactly Lorentz-covariant lattice could be on shaky 

ground. Essentially, the model sometimes connects disparate concepts (SU(3) octets, polyhedral 

groups, Jordan algebras, etc.) through numerical matches (eight this, eight that, three this, three 

that). A skeptical reviewer might worry that numerology is guiding some model choices. The 

author will need to convince readers that these connections are physically meaningful and not just 

suggestive math analogies. In its current form, certain sections (like 3.1 on “3×3 Jordan-octonion 

matrices” or 3.7.4 on identifying the 12 axions with the SU(3)^3 coset) rely on heavy algebraic 

formalism which might not resonate with all readers unless clearly tied to observable 

consequences. There is a danger that parts of the paper come off as too speculative or abstract 

(especially to a JHEP or PRD audience that expects either clear phenomenology or clear formalism – 

here we have a blend that’s hard to categorize). 

• Lack of Detailed Quantitative Predictions in Some Areas: While the paper is full of formulas, 

some of the boldest claims are not yet backed by detailed calculations. For example, the claim that 

heavy μ- and τ-dimers could drive early-universe inflation or affect neutron star cores is plausible 

qualitatively, but no attempt is made to plug in numbers (e.g. energy density of the τ-dimer lattice 

mode and whether it could indeed drive an inflation-like epoch, and how one would transition 

between phases). Without at least an order-of-magnitude quantitative treatment, these remain 

hand-waving conjectures. Similarly, the idea that the electron/positron lattice in the current 

universe yields exactly the observed dark energy (with w ≈ –1) is not demonstrated – the author 

instead treats it as an ansatz with a free parameter λ_i for pressure of each flavor. Thus, the model 

doesn’t yet solve the cosmological constant problem; it reformulates it (dark energy arises from the 

e-dimer density) but then introduces free parameters to match the observed value. From a critical 

perspective, this could be seen as moving the fine-tuning elsewhere. An expert in cosmology might 

ask: if the vacuum can exist in three phases, why is our universe in a state with a tiny residual Λ_eff 

and not still in a τ-dimer dominated phase? What fixes the transition or the abundances of each 

vacuum domain? The paper hints qualitatively (heavier dimers dominate at high density/early 

times) but doesn’t offer a concrete mechanism for how the universe would shed the heavy vacuum 

energy (aside from perhaps expansion causing reversion to the lighter phase). Without more detail, 

these aspects might be seen as speculative embellishments rather than solid results. A referee 

might suggest trimming or moving these parts to an outlook, to avoid diluting the core results with 

what currently reads as conjecture. 
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• Potential Torsion and Gravity-Sector Issues: The incorporation of Einstein–Cartan torsion is 

intriguing, but needs careful handling. The model suggests that internal spin of the lattice (e.g. 

chirality of the dimers) produces torsion that prevents singularity formation. However, if torsion is 

really present, even at small levels, there could be observable consequences. For instance, the 

absence of any detected torsion in precision gravity experiments (Gravity Probe B tested for certain 

gravitomagnetic effects, but not explicitly torsion; however, spin-torsion coupling in the Earth 

should be extremely small in EC theory). The manuscript’s predictions for black hole ringdown and 

shadow differences are offered as ways to detect torsion-induced deviations, which is good, but it 

should also ensure consistency with existing precision tests. If, for example, the Earth’s 

gravitational field were filled with e-dimer lattice cells, does a spinning Earth produce a tiny torsion 

field? If so, how has that not been observed? The paper implies torsion effects are negligible except 

in ultra-dense conditions (which is reasonable under EC: torsion ∼ spin density, which is negligible 

in normal matter). This point could be made more explicit to allay concern that the model might 

conflict with solar system tests. Another issue is that the lattice being “charged” (alternating e^+e^− 

layers) means that, fundamentally, the vacuum is a structured array of charge. One must assume 

that on large scales these charges cancel out perfectly to avoid long-range electromagnetic fields in 

vacuum. The manuscript does state that 48 faces of each cell project EM charge but overall carry no 

residual color or net charge. This is important: it ensures the vacuum is electrically neutral. Still, 

having a charged substructure might worry some readers about Lorentz invariance of 

electromagnetism in vacuum – will a photon see a tiny refractive index due to traversing this 

“ionic crystal” of e^+e^− pairs? The author partially addresses this by noting axion/gluon 

perturbations propagate through the lattice to mediate fields, suggesting that electromagnetic 

waves are emergent effective phenomena (likely via the axion-electrodynamics coupling). But this 

is a subtle point: the effective speed of light and absence of dispersion in vacuum are precision-

tested; any frequency-dependent or polarization-dependent effect from vacuum structure is tightly 

constrained. The manuscript’s discussion of vacuum birefringence tests hints at this, positing a tiny 

rotation effect possibly due to axion background. It’s good that it’s small, but any such effect must 

be thoroughly consistent with existing bounds. In summary, the gravity and EM sectors in the 

lattice scenario will invite a lot of scrutiny. Some arguments in the paper are presently given in 

words or simple sketches – these need to be solidified or at least bounded by existing experimental 

limits to satisfy a critical reader. 

• Clarity and Jargon: Although the manuscript is generally well-written, the density of new 

terminology and concepts could be a barrier. Terms like “Octon,” “Gluet,” “Triad dimer,” “lattice 

dragging,” etc., are unique to this paper. In a refereed publication, the authors must ensure these 

terms are clearly defined exactly once and used unambiguously. In the current draft, definitions 

are given (often in the introduction or when first introduced), but because the text is so long, a 

reader might lose track. For example, by page 50, recalling the precise distinction between an Octon 

quark and a regular quark, or between a Triad and a dimer, might be challenging. There were also 

minor typos/formatting issues in the reference list (it appears reference [23] was accidentally 

concatenated with [24] in the PDF, though that may be a parsing artifact). Such issues are minor but 

should be cleaned up. More importantly, some arguments are at risk of being misunderstood: 

The role of SU(3)^3 is one example – the paper does not propose a traditional gauge unification of 

the three SU(3)’s (in fact it explicitly says symmetry is an organizing guide, not an exact symmetry 

of the lattice), yet a casual reading might confuse this with an SU(3)^3 GUT. The authors should 
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ensure to clarify that point to avoid misinterpretation. Likewise, the phrase “Lorentz-covariant 

lattice” might sound oxymoronic to some; the authors mean Lorentz symmetry emerges in the 

continuum limit, but not that the fundamental lattice has continuous Lorentz symmetry. Reviewers 

attuned to semantics might pick on this phrasing; however, the introduction and §3.7.1 do explain it 

carefully. It’s a weakness only if misread, so clarity is key. Lastly, the academic tone, while mostly 

objective, occasionally uses slightly informal phrases (e.g., calling certain structures “fractal” 

without rigorous definition, or referring to the assembly as “elegant” in the text). These should be 

tightened to maintain a fully professional tone. The concept of “fractal lattice” is mentioned, but it’s 

not quantitatively explored – if it refers to self-similarity under scale (perhaps the idea that each 

lattice cell contains smaller structures ad infinitum?), it’s not demonstrated and might better be 

omitted to avoid confusion. 

In summary, the weaknesses center on the speculative nature and incomplete development of key 

parts of the model (especially gravity), the potential for undetected new physics (from many new 

fields and composite states), and the challenge of presenting such an all-encompassing theory 

clearly and convincingly. Each of these can be addressed or mitigated with further work and clarification, 

as detailed in the suggestions below. Addressing these concerns will be crucial for the manuscript to be 

credible to expert referees and suitable for a top-tier journal. As it stands, the Triad Model is thought-

provoking and extensive, but also quite speculative and complex, which may make publication difficult 

without significant revisions that sharpen the claims and perhaps scope. 

Alignment with Existing Literature 

Despite its far-reaching claims, the Triad Model is positioned within the context of several existing lines of 

thought in theoretical physics. The manuscript does a good job of citing and building upon relevant 

literature, showing both continuity with prior ideas and key differences: 

• Composite (Preon) Models: The idea that quarks and leptons might have substructure dates back 

to the 1970s (Harari and Shupe models, cited as Refs. [1] and [2]). The author acknowledges these 

early attempts and is clearly aware of why they “fell short.” Traditional preon models often 

required strong hypercolor forces and sometimes ran into issues with anomaly cancellation or 

mass generation. The Triad Model revives the composite paradigm but does so with a higher 

symmetry (SU(3)^3 and octonionic structure) and with modern insights (like using axion-like 

particles as binding agents, which wasn’t an element in the old models). In that sense, it aligns with 

the recent resurgence of interest in exotic algebraic structures underlying the Standard 

Model (see next point) rather than being a copy of the older preon models. It’s essentially a new 

kind of preon theory with more mathematical structure and an built-in explanation for three 

generations, something the simple 1979 models did not have. 

• Exceptional Algebra and Division Algebra Approaches: There is a growing body of work 

exploring whether the Standard Model’s gauge and fermion structures can be derived from division 

algebras (quaternions, octonions) or exceptional Lie algebras (like E6, E7, E8). John Baez and John 

Huerta’s 2010 work (Ref. [3]) and C. Furey’s papers (Ref. [4]) are cited as inspiration. The Triad 

Model’s use of a 3×3 octonionic Jordan matrix is directly in line with the exceptional Jordan 

algebra $J_3(\mathbb{O})$, which is known to have connection to E6 and can embed one 

generation of Standard Model quantum numbers. Ref. [10] (2023 work by T. Patel and P. Singh) is 
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cited to bolster the idea that the CKM matrix might emerge from an exceptional algebra structure, 

lending contemporary support to the author’s Laplacian/graph approach to CKM. By citing these 

works, the author shows alignment with a niche but serious research program: using algebraic 

symmetries to explain the Standard Model. The Triad Model differs in that it doesn’t just stop at 

one-generation algebraic structures; it ties them into a physical lattice model and extends to 

spacetime, which is an extra step beyond what, say, Furey’s work does. This could be seen as 

building on that literature but going in a bold new direction (introducing a dynamics and gravity). 

• Lattice Gauge Theory and Spacetime Discreteness: The manuscript positions itself as a kind of 

“geometrization” of lattice gauge theory. In conventional lattice QCD (ref. [23] cited), the lattice 

is a calculational tool (with Euclidean time) to handle QCD non-perturbatively. Here instead the 

lattice is physical and has Minkowski signature (Lorentzian dynamics). There have been past 

attempts to maintain Lorentz covariance on the lattice (the author cites an arXiv paper [4] from 

2012 in search results, likely ref. [**] if it were cited, but maybe it’s not explicitly in references). By 

invoking Baxter’s exactly solved models (Ref. [22], “Exactly Solved Models in Statistical 

Mechanics”), the author aligns with integrable systems literature – suggesting that perhaps the 

spacetime lattice can be seen as a solvable model in some planar slices. This is not a mainstream 

approach in high-energy physics, but it borrows from condensed matter and mathematical physics. 

The alignment is therefore more conceptual: the author is suggesting that just as integrable lattice 

models produce rich symmetric behavior (like Lorentz symmetry in certain limits), the universe’s 

lattice might similarly yield continuum symmetries. It’s a novel angle, but not without precedent – 

ideas of “quantized space” or spacetime atoms have been explored in loop quantum gravity (spin 

networks) and in certain preonic crystal models (the author doesn’t explicitly cite it, but there was 

a concept of “space-time as a fluid or crystal” in some quantum gravity circles). The introduction 

references loop quantum gravity and spin networks as well-known approaches to spacetime 

discreteness. The Triad Model sets itself apart by integrating that idea with the particle spectrum. 

In summary, it aligns with the notion that spacetime might have a microstructure but is unique 

in proposing that microstructure is the same as matter’s microstructure. 

• Axion Physics and Dark Sectors: The manuscript is very much in tune with current axion 

literature. It cites classic axion papers (Peccei-Quinn, Sikivie) and very recent ones (2025 arXiv 

papers by Benabou et al. and Kondo & Murayama on multiple axions and inflation – Refs. [20] and 

[21]). The idea of an axiverse (many light axions) and even using multiple axions to address 

cosmological puzzles (e.g., high-scale inflation, as in ref. [21]) is a contemporary idea in theoretical 

cosmology. By incorporating twelve axions, the author is pushing the envelope, but he is clearly 

aware of the state-of-the-art constraints and opportunities (e.g., the mention that one axion could 

be QCD axion, others could fill dark matter roles, etc. is exactly the kind of scenario considered in 

string theory contexts). The alignment with axion literature is quite strong – the author uses 

standard ALP effective Lagrangians, coupling definitions, and cites experimental proposals like 

helioscopes, light-shining-through-walls, and optical polarization experiments. This shows that the 

model is not ignoring what has been learned about these fields over decades; instead it tries to 

embed the SM axion solution in a broader framework. The conservative choice of axion 

couplings to stay within current bounds is directly informed by the literature (CAST, HB star 

cooling, etc.). In short, the dark-matter and axion aspects of the Triad Model are well-grounded in 
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existing research and do not conflict with it – rather, they use it as a guide to make the axion 

sector realistic. 

• Grand Unification and Trinification: SU(3)^3 trinification models are a known alternative to 

SU(5) or SO(10) unifications. The group G = SU(3)_C × SU(3)_L × SU(3)_R was studied in the 1980s 

as a GUT that naturally gives three families and has an E6 embedding. The author references this 

only implicitly (by citing the coset dimension result), but those familiar will recognize the structure. 

The difference is, in conventional trinification, SU(3)^3 is a gauge symmetry spontaneously broken 

at a high scale, yielding gauge bosons and extra fermions in the coset directions. In the Triad Model, 

SU(3)^3 is not realized as an actual gauge symmetry of Nature, but rather as a “parent symmetry” 

of the internal dynamics. The coset fields (the 12 axions) are analogous to the would-be 

Goldstone bosons of breaking G to H (SM). This is akin to a nonlinear sigma model approach 

rather than a true unified gauge theory – a known technique (CCWZ formalism) in particle physics 

for describing low-energy modes of a high-symmetry theory without having to introduce all the 

heavy gauge bosons explicitly. This approach aligns with how one treats pions as Goldstone bosons 

of chiral SU(3)_L×SU(3)_R in QCD, for instance. So the alignment here is methodological: the author 

is using effective field theory techniques standard in high-energy physics (build a symmetry, 

spontaneously break it, write a chiral Lagrangian for the coset fields). This gives the model 

credibility in the eyes of high-energy theorists, as it shows connections to established frameworks 

(even if the symmetry in question is internal to the model’s lattice, not an externally observed one). 

• General Relativity Extensions (Einstein–Cartan): The model’s inclusion of torsion cites the 1976 

review by Hehl et al. (Ref. [16]) on GR with spin and torsion, and the Gravity Probe B result 

(Ref. [17]) as an empirical check. This situates the gravitational aspect within the context of known 

alternative gravity theories. Einstein–Cartan–Sciama–Kibble theory is a well-studied classical 

theory that extends GR to include intrinsic spin as a source of torsion. By invoking it, the author 

isn’t coming out of nowhere with the idea of torsion preventing singularities – that’s a known 

outcome of EC theory (spin causes a contact repulsive force at extremely high densities). So this 

aligns with literature suggesting that the Big Bang singularity or black hole singularities might be 

avoided if torsion is included. The Triad Model essentially provides a concrete physical system (the 

chirally charged lattice) that realizes this idea, rather than just adding it by hand. The mention of 

“torsion cores” and how they could manifest observationally (e.g., in ringdown signals) is a new 

contribution on top of the classical EC theory, but one that fits the spirit of EC: no macroscopic 

effects until extreme conditions, then avoidance of infinite densities. The fact that the author does 

not claim any current experimental evidence of torsion, but only suggests ways to bound it or 

detect it with future data, shows a prudent alignment with the consensus that so far no deviation 

from GR (no torsion, no varying Λ) has been seen. 

• Contemporary Trends – Positive Geometry and Amplitudes: In the closing perspective, the 

author even references the “positive geometry” program (Ref. [24] Arkani-Hamed & Trnka on the 

amplituhedron, and [25] on positive geometries). While this is tangential to the Triad Model, it’s 

used to contrast approaches: those works encode QFT amplitudes into geometric shapes in a higher 

space, whereas Triad encodes physics into an internal lattice. The comparison is apt in that both 

approaches represent a departure from conventional space-time quantum field theory – one 

through abstract geometry, the other through discrete substructure. By mentioning these, the 
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author aligns with the zeitgeist of looking for deeper structures in scattering amplitudes and 

QFT. He suggests Triad could similarly benefit from such mathematical tools in the future. This is 

forward-looking and not essential to the model, but it shows that the author is aware of cutting-

edge developments and sees how his framework might intersect with them conceptually (e.g. both 

positive geometries and the Triad lattice emphasize that locality and unitarity might emerge from a 

more fundamental structure). 

In summary, the Triad Model is well-anchored in existing theoretical frameworks: it touches on 

composite model heritage, utilizes modern algebraic approaches to the SM, employs effective field theory 

methods from GUT/soliton physics, respects current axion and cosmology bounds, and engages with 

alternative gravity theories. It is not a random conjecture; it can be seen as a natural (if ambitious) 

synthesis of several ideas each of which have a respectable pedigree in the literature. What the model does 

that is new is combine these in a single package and extend them to a full unification including spacetime. 

There is thus a balance between alignment and originality: the pieces align with literature, but the whole 

constructed puzzle is original. For publication in a high-impact journal, this alignment is generally positive 

– it shows the author knows the landscape and isn’t reinventing the wheel where existing knowledge is 

available. The key will be convincing the community that putting these pieces together yields something 

more than the sum of parts (and doesn’t conflict with any piece of well-established physics). The references 

cited and the logical connections drawn indicate that, at least from a literature standpoint, the author has 

made a case that this theory is the next logical (if bold) step in a series of scientific explorations, rather than 

an unfounded flight of fancy. 

Testability and Phenomenology 

A standout feature of this work is its strong emphasis on testability. The author provides a diverse list of 

empirical signatures that could confirm or refute various components of the Triad Model. This is crucial for 

a theory of this scope – it must eventually face experimental scrutiny. Below I assess the model’s 

phenomenology and the realism of the proposed tests: 

• Multi-Channel Verification: The model’s predictions span astrophysical, cosmological, and 

laboratory domains. This multi-channel approach is wise; a framework as sweeping as this should 

leave many “footprints” if true. Notably, some signals are in current data or near-term 

experiments (which adds credibility, as they’re not forever safely out of reach). For instance, 

searching archival LIGO data for telltale late-time echoes of black hole mergers (a sign of a non-

trivial interior structure) could be done now. Likewise, analyzing the shape of the M87* black hole 

shadow for non-Kerr distortions is actively being done by the Event Horizon Telescope 

collaboration; any systematic deviation that matches the lattice-drag pattern predicted would be a 

huge win for the model. On the lab side, the Higgs branching ratio pattern is already being 

measured at the LHC. The author suggests a very specific phenomenological pattern: no single 

dramatic anomaly, but a coherent shift wherein the effective couplings of the 125 GeV Higgs tilt in 

favor of third-generation fermions (b, τ) over vector bosons and second/first generation. This is 

quantitatively in line with the idea that the Higgs is a lattice mode overlapping mostly with 

τ-dimers. It’s a subtle signature (maybe a few percent deviation at most), but within the realm of 

near-future precision at the HL-LHC. It’s impressive that the model provides such a concrete, 

falsifiable expectation rather than an unspecified “Higgs composite” statement. 
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• New Particles and Signals: The Triad Model predicts some new low-mass particles that could 

potentially be discovered, which is a definite plus for testability. Specifically, two extra scalar 

“Higgs” modes are suggested around the ~GeV scale (0.6 GeV and 7 GeV were given as 

benchmarks). These are extremely testable: dedicated B-factory experiments (Belle II just started, 

LHCb ongoing) are capable of searching for exotic decays like B→K+X (X→μ^+μ^-). The manuscript 

even gives an expected branching ratio range (~10^(-7)–10^(-8)), which is not far from current 

sensitivity. This level of specificity (“two narrow peaks at ~0.6 and ~7 GeV in the dimuon 

spectrum”) is remarkable – if those were seen, it would strongly point to something like the Triad 

Model (few other models predict exactly three Higgs-like scalars with hierarchical couplings by 

generation). Conversely, if Belle II and LHCb conclusively rule out any new scalars in that window 

at those rates, the Triad Model would either be in trouble or have to push those states heavier 

(which might conflict with its narrative of μ- and e-dimers being lighter modes). So the model puts 

itself at risk in a productive way. Similarly, the axion sector has multiple possible detections: 

laboratory LSW experiments (ALPS II) might detect photon regeneration if any of the 12 axions has 

the coupling in the expected range. Vacuum birefringence tests (like PVLAS) could see a minute 

polarization rotation – the author quantifies it as Δψ up to 10^(-10) rad/m, which is small but not 

absurdly so for future sensitive polarimeters. And of course, axion dark matter searches (ADMX, 

optical haloscopes) are directly relevant; the model suggests at least one axion in the μeV mass 

range (the QCD axion candidate) and possibly others. The author is careful to not over-claim here, 

just noting these axions could “embed within or deform ΛCDM” and that they should be subject to 

standard cosmological tests (large-scale structure, CMB, etc.). This is good: it means the model 

isn’t trying to evade ΛCDM successes, but rather to tweak them slightly via an axion component. 

• Distinctive Gravitational Phenomena: The gravitational/test of the model – echoes and shadow 

asymmetries – are quite unique and would be smoking gun signals of new physics in strong 

gravity. The model predicts specific behavior: echo delays that scale with BH parameters in a way 

consistent with a torsion-resolved core, and a persistent non-Kerr asymmetry in the photon ring 

due to lattice drag. The “pass/fail” criteria are clearly stated (a stacked detection of echoes vs a null 

result across many events; a reproducible asymmetry not explainable by astrophysical accretion 

noise). These are challenging to observe – current data is not conclusive on echoes (some tentative 

claims exist, but not universally accepted), and EHT data is still quite noisy. However, near-future 

improvements (next-generation EHT, LIGO A+ or Cosmic Explorer) might give answers here. The 

mere fact that the model connects an ultraviolet Planck-scale lattice to observable features of black 

hole dynamics is fascinating. If those features were seen, it would strongly support models of 

“quantum black hole structure” like this one. (Of course, other new physics can also cause echoes 

or small shadow deviations – e.g., some exotic compact objects – but the combination of signals 

might help distinguish Triad’s specific torsion core scenario from, say, fuzzballs or gravastars.) It’s 

worth noting that these gravitational tests are somewhat orthogonal to the particle tests. That is 

good: even if, say, the new 0.6 GeV scalar isn’t found (which might just mean the model’s mass 

estimate was off), a positive result in ringdown echoes could still vindicate the idea of a discrete 

lattice structure. The diversification of risk across different phenomena strengthens the model’s 

chances of partial confirmation even if not all aspects are right. 

• Challenges in Testability: While commendable, some predictions might be very difficult to 

measure or could be confounded by other physics. For example, the electron $g-2$ running idea: 
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a change in the effective $g$ at $q^2 \sim (1-10 \text{GeV})^2$ at the level of 10^(-13) is extremely 

hard to measure. Current $g-2$ experiments aim for ~10^(-11) precision on the anomaly at q^2 = 

0. The proposed effect is two orders smaller and at higher q^2, requiring a totally different method 

(perhaps someday a dedicated storage ring that can probe various energies). It’s not impossible, 

but it’s more of a long-term or “in principle” test. Similarly, the holographic noise test (Michelson 

interferometers looking for Planckian positional uncertainty) is intriguing – experiments like 

Fermilab’s Holometer already tried something conceptually similar and found no unexpected noise 

down to δL/L ~ 10^(-21) or so. The model suggests δL/L ~ 10^(-20), which is just on the edge; 

perhaps with longer integration or improved setups one might reach that. However, any noise 

detection would have to be very carefully interpreted – instrument noise is tricky and one would 

need a characteristic signature (stationary, frequency distribution) to attribute it to a fundamental 

lattice. The author does mention searching for a “predicted stationarity” as part of pass criteria, 

which is thoughtful. The neutrino sector prediction of an energy-independent phase offset in 

oscillations is another tough one – it’s a subtle effect and could be mimicked by slight mis-modeling 

of neutrino mixing parameters. It might require precision oscillation experiments beyond what we 

have now or comparing multiple baselines. It’s not a very clean observable, but at least it’s 

something conceptually distinct (would manifest as an unexpected consistency across different L/E 

scales). 

• Falsifiability and Flexibility: Importantly, the author has set things up such that falsifiability is 

real. If none of these signals show up – if LIGO finds no echoes, EHT sees perfect Kerr shadows, no 

new scalars or axion effects are found, Higgs couplings remain SM-like with increasing precision – 

then the Triad Model will be under severe strain. The author concedes as much, saying the patterns 

must appear or key parameters will be tightly bound, essentially dismantling the model. This is a 

healthy scientific attitude. One worry is whether the model has “wiggle room” to survive non-

detections. For example, if the 0.6 GeV scalar isn’t found, could the model just say “maybe the e-

dimer mode is heavier or more broad than expected”? Possibly. If no echoes are found, could one 

argue the core radius is so small that echoes occur too late/weak to see? Perhaps. In other words, 

like many theories, Triad might be adjusted in response to null results unless the tests are truly 

smoking-gun. However, because the paper pinned itself down to certain scales and qualitative 

phenomena, it won’t be easy to escape a pattern of null results across the board. If multiple 

disparate tests all come up empty in the future (and their precision reaches the thresholds the 

author expects signals), the simplest conclusion would be that the Triad Model is not realized in 

nature. 

• Degree of Speculation vs Observation: In terms of current observations, none of the effects 

predicted can be claimed to have been seen (the author appropriately doesn’t claim any). For 

example, some tentative claims of black hole echoes exist in literature, but no consensus; the model 

would need a consistent echo across many events, which hasn’t been established. The slight Higgs 

coupling deviations might be hinted at in current data (there have been discussions of possible 

deviations in h→ττ or h→γγ at 1-2σ, but nothing firm). The author is not relying on any “known 

anomaly” as evidence – all the predictions are essentially yet-to-be-observed phenomena. This is 

fine, but it means the model is currently entirely unconfirmed. Its phenomenological success thus 

hinges on future experimental outcomes. For a journal like PRD or JHEP, that is acceptable as long 

as the predictions are well-grounded and the theory is interesting. In fact, offering concrete 
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predictions is a plus, but the lack of any current experimental support might make some 

referees cautious. They might ask, for instance, if it would be possible for the model to already have 

affected something like precision electroweak data or flavor physics in subtle ways. The paper does 

not mention constraints from, say, LEP or LHC contact interaction limits on compositeness – 

usually, compositeness is constrained by four-fermion operators (with scales typically >O(10) TeV). 

If the binding scale here is ~Planck, then it’s safe, but any intermediary scales should not produce 

effects. The model’s expectation that Lorentz-violation effects are Planck-suppressed suggests no 

issue with current tests of special relativity (like synchrotron or cosmic photon dispersion). This is 

a good consistency point: using Planck-scale lattice spacing to justify why we haven’t already seen 

Lorentz violation. If a referee raised that concern, the paper has essentially answered it. 

In conclusion, the testability and phenomenology of the Triad Model is a strong aspect. The breadth of 

proposed tests means the theory could be gradually supported or constrained from many directions. The 

quantitative benchmarks given (coupling strengths, mass scales, signal sizes) are reasonable and often at 

the edge of current technology, which is about the best one can hope for an ambitious theory – it’s neither 

already ruled out, nor forever safe from being checked. The author’s strategy of providing concrete 

pass/fail criteria and being willing to see the theory falsified by data is commendable. This will likely 

impress reviewers, as it shows the theory is scientifically mature (not just a philosophical idea). The main 

caution is that because many of these are difficult searches, it might take time to build evidence either way. 

But that is not a fault of the theory per se – indeed, it chose phenomena that are at least in principle 

observable, rather than totally inaccessible (like GUT-scale proton decay lifetimes, etc.). 

One suggestion is that the authors might prioritize or highlight which prediction would be the “cleanest” 

or most definitive proof of the Triad Model. For instance, if one of the predicted GeV-scale scalars is 

discovered with the expected coupling pattern, that would be an extraordinary confirmation (and likely 

easier to attribute to Triad specifically, since it’s hard to get such a particle from other models without 

additional new physics). On the other hand, an observation of black hole echoes – while exciting – could be 

interpreted in various theoretical frameworks (though torsion would be one exotic explanation). The 

model has a bit of a shotgun approach to predictions, which is good for coverage but perhaps dilutes what 

the primary sign of Triad would be. For the sake of phenomenological impact, the authors might consider 

indicating which 1-2 observables would most strongly point to their framework as opposed to some other 

new physics. Regardless, the current approach demonstrates that phenomenology has been deeply 

considered, increasing the manuscript’s value. 

 


