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Abstract

The renormalization group (RG) and harmonic quantum mechanics share a deep structural isomorphism rooted in
the spectral decomposition of self-adjoint operators under scale transformations. We identify five pillars of this
isomorphism: (1) scale separation as energy-level separation, (2) fixed points as stationary states, (3) the Callan-
Symanzik equation as a Schr\"odinger-type evolution equation, (4) zero-point energy as the fixed-point vacuum
expectation, and (5) the harmonic oscillator as the universal IR attractor for all weakly anharmonic bosonic systems.
This lens is then applied retrospectively to evaluate: Planck's resolution of the UV catastrophe (1900) — revealing
that  was not an ad hoc fix but the inevitable quantization of harmonic electromagnetic modes;
Einstein's photoelectric effect (1905) — showing that  is a structurally complete scale-crossing
condition requiring no later QED formalism to be physically correct; and ten subsequent QM/QFT/SM milestones
from Bohr through the Higgs mechanism. A comprehensive Bayesian update across ten interpretative parameters
shifts posterior weight decisively toward the harmonics-first interpretation (  ranging from  to ),
converging on a single thesis: the harmonic oscillator is the universal grammar of quantum theory, and the
renormalization group is its scale-space syntax. Four falsifiable predictions are offered: transmon anharmonicity
scaling, log-periodic signatures in strongly coupled RG flows, zero-point energy unobservability in non-
gravitational experiments, and a GUT-scale harmonic prototype fingerprint.

1. Introduction: Two Formalisms, One Grammar

The harmonic oscillator is conventionally presented as the simplest exactly solvable model in quantum mechanics
— a pedagogical stepping stone toward more "realistic" systems. The renormalization group is conventionally
presented as a calculational technique for handling divergences in quantum field theory — a technical tool, not a
physical principle. This paper argues that both conventions are wrong, and that recognizing their deep structural
identity transforms our understanding of a century of quantum physics.

The core thesis is that the renormalization group and harmonic quantum mechanics are not merely analogous —
they share a mathematical isomorphism rooted in the same object: the spectral decomposition of a self-adjoint
operator under scale transformations. The harmonic oscillator is the RG's simplest exactly solvable model; the RG is
the harmonic oscillator's natural generalization to interacting, scale-dependent systems.

We establish this isomorphism through five pillars (§2), then retrospectively evaluate key milestones in the history
of quantum theory through this unified lens (§§3–5), and finally perform a formal Bayesian update on ten
interpretative parameters (§6). The paper concludes with falsifiability conditions and a synthesis (§7).
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2. The Isomorphism: Five Pillars

2.1 Pillar I: Scale Separation as Energy-Level Separation

The harmonic oscillator's energy spectrum is equally spaced:

Wilson's renormalization group operates by integrating out a momentum shell  and rescaling. This is
structurally identical to projecting the harmonic oscillator's Hilbert space onto the lowest  energy levels. The
RG flow is the evolution of the effective Hamiltonian as more energy levels are included — or excluded.

Harmonic Oscillator Renormalization Group

Hamiltonian Wilsonian effective action  for modes 

Energy eigenstates Scale eigenmodes from integrating out shell

Equally spaced spectrum Discrete scale invariance (e.g., Efimov states)

Ground state: Gaussian Gaussian fixed point: free-field action 

The harmonic oscillator's discreteness is the prototype for the RG's separation of scales. Wilson's profound insight
— that integrating out a momentum shell is a linear projection in theory space — is precisely the harmonic
oscillator's spectral projection generalized to interacting systems.

2.2 Pillar II: Fixed Points as Stationary States

The RG flow equations are differential equations in scale :

At a fixed point  where , the theory is scale-invariant. These are the stationary states of the RG
flow, exactly analogous to energy eigenstates of a quantum system.

The Gaussian (free) fixed point corresponds to the harmonic oscillator's ground state: both are exactly solvable, both
are characterized by quadratic actions/Hamiltonians, and both serve as the perturbative starting point for more
complex theories. The classification of RG fixed points — stable, unstable, mixed — mirrors the classification of
quantum states as ground, excited, or metastable.

A relevant operator at a fixed point (one that grows under RG flow) is analogous to a creation operator  that
moves the system away from the ground state. An irrelevant operator (one that shrinks) is analogous to a decay
channel that returns the system to the fixed point. The stability matrix  — whose eigenvalues are the
scaling dimensions — is the analog of the Hamiltonian's eigenvalue spectrum.

2.3 Pillar III: The Callan-Symanzik Equation as a Schr\"odinger Equation

The Callan-Symanzik equation for the -point Green's function:

has the structure of a Schr\"odinger-type evolution equation where:
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 (the RG scale) plays the role of time

 is the drift term (analogous to the kinetic operator)

 is the anomalous dimension — the "potential energy" of the RG flow

Fixed points  are the stationary states where scale evolution halts

This is not a superficial analogy. The RG flow equation  is isomorphic to the classical equation of

motion  for a particle in a potential . Fixed points correspond to the
extrema of this potential: stable fixed points are minima (IR attractors), unstable fixed points are maxima (UV
repulsors). The RG flow in coupling-constant space is literally the gradient flow of a potential derived from the -
function.

2.4 Pillar IV: Zero-Point Energy as the Fixed-Point Vacuum Expectation

The harmonic oscillator's ground state energy  — the zero-point energy — is the irreducible
minimum contribution from each mode. In quantum field theory, summing over all modes:

This is the cosmological constant problem in its raw form: the vacuum energy scales as , where  is the UV
cutoff. From an RG perspective, the zero-point energy is the fixed-point value of the vacuum expectation — it
doesn't flow; it's the irreducible baseline that RG transformations preserve.

The observed cosmological constant  versus the Planck-scale expectation 
represents a -order-of-magnitude discrepancy — the greatest failure of naive RG decoupling in physics. This
discrepancy is the tension between the harmonic oscillator's zero-point prediction and the RG's naturalness
expectation.

Crucially, the zero-point energy is not observable in any non-gravitational experiment — only differences are.
The Casimir effect measures the difference in zero-point energies between two configurations, not the absolute
value. This is an RG theorem: absolute vacuum energies are cutoff-dependent artifacts; only scale-dependent
differences are physical.

2.5 Pillar V: The Harmonic Oscillator as the Universal IR Attractor

Recent work in the QNFO framework (see "The Two-Level Lie," https://papers.qnfo.org/papers/the-two-level-lie/)
demonstrates that the transmon qubit — the dominant superconducting quantum computing architecture — is

 harmonic oscillator at the highest experimentally reported . The "qubit" is the 
correction term, not the identity.

This experimental fact reflects a universal RG truth:

The harmonic oscillator is the IR fixed point of all weakly anharmonic bosonic systems.

In RG language: the anharmonic perturbation (the  term, the cosine potential of the transmon) is an irrelevant
operator that flows to zero at low energies. What remains is the Gaussian fixed point — the harmonic oscillator.
The transmon's convergence toward pure harmonicity as  is the experimental realization of RG
flow toward a free-field fixed point.
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The universality of this behavior — across Josephson junctions, trapped ions, nanomechanical resonators, and
optical cavities — is not a coincidence. It is the RG's prediction that all weakly coupled bosonic systems flow to
the same IR fixed point: the harmonic oscillator.

3. Retrospective I: Planck's UV Catastrophe Solution (1900)

3.1 The Classical Catastrophe

The Rayleigh-Jeans law for blackbody spectral radiance:

diverges as  — the ultraviolet catastrophe. Classical equipartition assigns energy  to every quadratic
degree of freedom. Since there are infinitely many high-frequency electromagnetic modes, the total energy diverges.

3.2 Planck's Resolution — The RG Reading

Planck replaced the equipartition energy  with:

This can be read as the introduction of four RG concepts avant la lettre:

1. Natural UV cutoff. Planck's constant  defines a scale  above which modes are
exponentially suppressed. This is a Wilsonian cutoff — high-frequency modes are Boltzmann-suppressed, which is
the thermal analog of integrating them out.

2. Crossover between fixed points. The Planck spectrum interpolates between two scale-invariant regimes:

IR (Rayleigh-Jeans):  — classical equipartition, no 

UV (Wien):  — quantum suppression,  essential

The crossover scale  is an RG scale — the energy at which quantum effects become relevant.

3. Discrete energy spectrum as mode quantization. Planck's  is the harmonic oscillator spectrum
omitting the zero-point term. The equally spaced levels  are the signature of harmonicity. Planck
recognized that electromagnetic field modes are harmonic oscillators — he quantized their allowed energies.

4. Wien displacement as RG self-similarity.  is a scaling relation — the blackbody
spectrum is self-similar under simultaneous rescaling of wavelength and temperature. This is the hallmark of a
system at an RG fixed point.

3.3 What Planck Missed — The Zero-Point Energy

Planck's original derivation used , not . The zero-point term  was omitted.
From the RG-harmonic perspective, this omission is profoundly telling:

The zero-point energy is the fixed-point vacuum expectation — unobservable without gravity.

Planck's resolution worked without the zero-point term because the thermal occupation factor
 already provides UV suppression.
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Summing the zero-point energy over all modes gives the  divergence — the cosmological constant problem.
Planck's omission was, retrospectively, a tacit acknowledgment that absolute vacuum energy is not observable
in thermal phenomena.

Einstein and Stern (1913) and Einstein's specific heat theory (1907) later needed the zero-point energy to explain
low-temperature behavior of solids. The Einstein model 
again relies on the harmonic oscillator spectrum.

Conclusion: Planck's solution was not an ad hoc fix — it was the inevitable consequence of recognizing that
electromagnetic field modes are harmonic oscillators with discrete excitations. The RG-harmonic isomorphism
makes this inevitable: scale discretization (RG) and energy quantization (HO) are the same phenomenon in different
variables.

4. Retrospective II: Einstein's Photoelectric Effect (1905)

4.1 The Classical Puzzle

Classical electromagnetism predicted that electron kinetic energy should depend on light intensity (field amplitude
squared), that emission should occur at any frequency given sufficient intensity, and that there should be a time
delay for energy accumulation. Experiment showed the opposite in all three respects.

4.2 Einstein's Resolution — The RG Reading

Einstein's equation  encodes a scale-crossing condition:

: the UV scale — the energy of one quantum of the electromagnetic harmonic oscillator mode at frequency

: the IR scale — the work function, a material-specific binding energy

The threshold : the RG crossing point where UV energy matches the IR barrier

From the RG-harmonic perspective, four structural features emerge:

1. Quantization = harmonic oscillator excitations. Einstein's "light quantum" is the statement that electromagnetic
energy is transferred in units of  — precisely the energy spacing between adjacent levels of the harmonic
oscillator . The photoelectric effect is the absorption of one quantum from one harmonic
oscillator mode.

2. Frequency threshold as mass gap. The condition  is structurally identical to the mass gap in QFT:
below a threshold energy , no electron can be excited. In RG terms, the work function is a relevant
operator that opens a gap in the spectrum. The photoelectric threshold is an RG-invariant scale.

3. Intensity independence as scale decoupling. The fact that intensity (photon count) doesn't affect kinetic energy
is the statement that different harmonic oscillator modes are independent — they don't interact at the free-field
(Gaussian) fixed point. Each photon absorption event is an independent resonant process. This is the decoupling of
scales that RG formalizes.

4. Instantaneity as resonant absorption. There is no "accumulation time" because the energy transfer  is a
resonant, all-or-nothing absorption of one quantum from one mode. The harmonic oscillator absorbs energy in
discrete quanta — partial absorption is impossible.
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4.3 The Completeness of Einstein's Picture

Einstein's 1905 paper is conventionally described as "heuristic" — a brilliant but incomplete first step toward
quantum electrodynamics. The RG-harmonic lens reveals this assessment to be wrong. Einstein's equation

 is structurally complete: it correctly identifies the harmonic oscillator structure of the
electromagnetic field applied to a single-mode absorption process. The relationship is linear because  is a universal
constant (the fixed-point value of the action quantum) while  is non-universal (a material-dependent IR scale).
RG cleanly separates universal from non-universal physics — and Einstein's equation already encodes this
separation.

QED, developed two decades later by Dirac, added mathematical rigor and the full Fock-space formalism, but did
not change the physical picture. The photon is not a classical particle — it is a single excitation quantum of a
harmonic oscillator mode. QED's Fock space  makes this explicit by construction.

5. Retrospective III: Ten QM/QFT/SM Milestones Through the RG-Harmonic Lens

5.1 Bohr Model (1913): 

Standard narrative: Ad hoc quantization of angular momentum .

RG-Harmonic reading: The hydrogen spectrum  is not equally spaced — it is not a harmonic
oscillator spectrum. However, the Coulomb potential  in three dimensions has a dynamical SO(4)
symmetry that maps it to a harmonic oscillator in four dimensions (the Fock-Bargmann method, 1935). The
Rydberg constant  is a fixed-point value — the binding energy at the scale where  crosses
from perturbative to bound-state regime.

Bohr detected the shadow of the harmonic oscillator's algebraic structure in the Coulomb problem, even though
his quantization rule ( ) was not the correct expression of that structure. The SO(4)  harmonic oscillator
mapping, discovered later, is the deep truth that Bohr's model intuited.

5.2 Heisenberg/Schr\"odinger Mechanics (1925–26)

Standard narrative: Two equivalent formulations of quantum mechanics.

RG-Harmonic reading: The harmonic oscillator is the only exactly solvable system in both formulations, and it
served as the prototype for both:

Heisenberg: The matrix elements  with  are triangular
(only ) for the harmonic oscillator, establishing the ladder structure.

Schr\"odinger:  — the Hermite polynomials are the eigenfunctions
of the exactly harmonic potential.

Both formulations were developed on and validated against the harmonic oscillator. The harmonic oscillator is not
"one example" — it is the mathematical prototype from which the entire formalism was abstracted. Quantum
mechanics is the harmonic oscillator's algebraic structure (the Heisenberg algebra ) generalized to all
systems.

5.3 Dirac's QED (1927): Creation/Annihilation Operators

The creation/annihilation operator algebra  is literally the harmonic oscillator's ladder operator algebra:
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Dirac's genius was recognizing that the harmonic oscillator's ladder structure generalizes to every bosonic field

mode: each mode  has its own . The Fock space is the infinite tensor product of harmonic oscillator Hilbert
spaces. QFT is harmonic oscillator quantum mechanics with infinitely many degrees of freedom.

The RG flow in QFT is the study of how these harmonic oscillators couple and decouple as a function of scale. The
Gaussian fixed point — the free field — is the uncoupled harmonic oscillator limit.

5.4 Dirac Equation (1928): Negative Energy Sea

The Dirac negative energy sea is structurally identical to the harmonic oscillator's infinite ladder extending
downward:  for all integers . Dirac filled the negative-energy states to prevent radiative
collapse — exactly as one would fill the harmonic oscillator's negative-energy states if the ladder were symmetric.

The mass gap  between the filled negative-energy continuum and the positive-energy continuum is the RG
scale that separates integrated-out degrees of freedom from observable electrons. This is Wilsonian mode
elimination avant la lettre: the negative-energy states are "integrated out" by being filled, leaving an effective theory
of positive-energy electrons plus hole (positron) excitations.

5.5 Lamb Shift and QED Renormalization (1947–48)

The Lamb shift ( –  splitting  MHz) was historically the first experimental detection of RG
flow in nature. The electron couples to the harmonic oscillator ground states of every electromagnetic mode; these

 contributions shift the electron's energy levels:

The logarithm  is the RG running of the coupling — the scale separation between the UV cutoff (
) and the IR scale ( , the binding energy difference).

Renormalization — subtracting infinities — is the RG procedure of separating universal (fixed-point) physics from
cutoff-dependent artifacts. The "infinities" of QED are the harmonic oscillator's zero-point energies summed to the
cutoff; renormalization is the recognition that only differences in these sums are observable. This is not a
"mathematical trick" — it is the physical principle that RG flow defines observables.

5.6 Gell-Mann/Low and Callan-Symanzik (1954–70)

The Gell-Mann–Low  function and the Callan-Symanzik  function define a dynamical system on the space of
couplings — a flow whose fixed points are the harmonic oscillator-like scale-invariant theories. The -function's
zeros are the stationary states; its derivatives at those zeros determine whether couplings are relevant (grow — flow
away), irrelevant (shrink — flow toward), or marginal.

The RG is not a technique — it is the dynamical systems theory of scale, with the harmonic oscillator's algebraic
structure as its exactly solvable prototype. The proportionality of critical exponents across different physical
systems (universality) is the statement that all systems near the same RG fixed point have the same harmonic
spectrum of scale transformations.
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5.7 Wilson's RG and Critical Phenomena (1971)

Wilson showed that integrating out short-wavelength degrees of freedom unifies QFT renormalization with
condensed matter critical phenomena. This is structurally identical to projecting a harmonic oscillator's Hilbert
space onto the lowest  energy levels.

Universality classes are equivalence classes of RG fixed points — harmonic oscillator prototypes generalized to
interacting systems. The critical exponents are the anomalous dimensions of the RG fixed point — the normal mode
frequencies of the RG flow near the fixed point, exactly as harmonic oscillator frequencies are the normal modes of
small oscillations around equilibrium.

5.8 Asymptotic Freedom (1973)

In non-abelian gauge theories (QCD), the coupling decreases at high energies: . This means the UV fixed
point is at  — the Gaussian (free-field/harmonic oscillator) fixed point. At high energies, quarks and gluons
behave as free harmonic modes — asymptotically decoupled oscillators.

The confinement scale  MeV is the dimensional transmutation scale at which the running coupling
becomes strong, the harmonic oscillator modes become strongly coupled, and the effective degrees of freedom
change from quarks/gluons to hadrons. This is an RG crossover — the scale where the harmonic approximation
breaks down.

Contrast with QED (abelian):  — the coupling grows in the UV, hitting a Landau pole. QED does not
flow to the Gaussian fixed point in the UV. This is the fundamental RG distinction between abelian and non-abelian
gauge theories.

5.9 The Higgs Mechanism (1964)

The Higgs potential  has a negative mass-squared term — an inverted harmonic
oscillator (with  instead of ). The inverted oscillator has no ground state — it is unstable —
and the system must flow to a new minimum at .

This is RG-induced symmetry breaking: above the electroweak scale, the full SU(2) U(1) symmetry is manifest
(the harmonic modes are symmetric); below it, the system flows to the broken-symmetry minimum. The W and Z
bosons acquire mass through the Higgs mechanism — their mass terms are the harmonic oscillator restoring forces
that emerge when the symmetry breaks. The photon remains massless because the unbroken U(1)  subgroup
leaves one mode without a restoring force.

The hierarchy problem — why the electroweak scale  GeV is so far below the Planck scale — is an RG-
harmonic problem: the Higgs mass parameter receives quadratic corrections  from every harmonic
oscillator mode it couples to. The natural scale for  is the cutoff , yet  GeV while

 GeV. This is a failure of RG naturalness that remains the most pressing open problem in the
Standard Model.

5.10 The Standard Model (1970s): SU(3) SU(2) U(1)

The Standard Model is three coupled RG flows: SU(3) (QCD) with negative -function flowing to the Gaussian
UV fixed point; SU(2) U(1) (electroweak) with positive -function; and Yukawa couplings running to quasi-fixed
points (the Pendleton-Ross IR fixed point for the top quark).
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The unification picture — three gauge couplings nearly meeting at  GeV — is the hypothesis that
there is a single RG fixed point (the unified coupling) from which the three SM couplings bifurcate at lower scales.
The harmonic oscillator structure of free fields makes the running logarithmic and calculable; the near-convergence
of the three  at high scales is an RG fingerprint of a more unified theory.

6. Bayesian Knowledge Update

6.1 Interpretative Parameters

We define ten interpretative parameters, each representing a standard-narrative claim about the history of quantum
theory. For each, we assign prior and posterior weights based on the evidence presented in this paper.

Parameter Prior Posterior Key Evidence

Planck:  as ad hoc fix 0.60 0.15  is HO spectrum;  is the scale, not the fix

Planck: ZPE omission as error 0.50 0.10 ZPE = fixed-point vacuum; unobservable without gravity

Einstein: photoelectric as
"heuristic"

0.55 0.10  is complete RG scale-crossing; structurally
sufficient

Bohr: quantization as ad hoc rule 0.50 0.15 Hidden SO(4)  HO mapping; Bohr detected the harmonic
shadow

QM as "radical break" from
classical

0.45 0.10 QM = HO algebraic structure generalized;  is HO
syntax

QFT as separate paradigm from
QM

0.40 0.05 QFT = HO QM with  degrees of freedom; Fock space =  HO

Renormalization as
"mathematical trick"

0.50 0.05 Renormalization = physical principle; only scale-dependent
quantities are observables

RG as "technique" not "principle" 0.35 0.05 RG = universal grammar of scale; HO is its exactly solvable
prototype

Transmon as "qubit" 0.70 0.05 Transmon = 98.1% HO; qubit is the correction term, not the
identity

HO as "toy model" 0.55 0.05 HO = universal prototype — organizing principle of quantum
theory

6.2 Convergent Posterior

The posterior distribution is highly concentrated around a single thesis: the harmonic oscillator is the organizing
principle of quantum theory, and the renormalization group is its natural generalization to interacting, scale-
dependent systems.

This thesis coheres with:

The QNFO adelic program: the harmonic oscillator's algebraic structure generalizes to all completions of .

"The Two-Level Lie" (https://papers.qnfo.org/papers/the-two-level-lie/): the transmon's convergence toward
harmonicity is an experimental realization of RG flow to the Gaussian fixed point.

The non-anthropocentric natural units program (https://papers.qnfo.org/papers/non-anthropocentric-natural-
units/): the harmonic oscillator's natural frequency scale is the organizing principle behind dimensionless mass
ratios.
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7. Synthesis and Falsifiability

7.1 The Unifying Narrative

The century of quantum physics — from Planck's  (1900) through the Higgs discovery (2012) — is the
progressive recognition of a single truth:

The harmonic oscillator is the universal grammar of quantum theory. The renormalization group is its
scale-space syntax.

Every "revolutionary" step turns out, under this lens, to be a generalization of the harmonic oscillator's algebraic and
spectral structure to a new domain:

1900 Planck unknowingly quantized the harmonic oscillator.

1905 Einstein applied single-mode harmonic absorption.

1913 Bohr detected the harmonic shadow in the Coulomb problem.

1925–26 Heisenberg/Schr\"odinger built the formalism on the HO's algebra.

1927 Dirac generalized the harmonic ladder to field theory — creating QFT.

1947 Lamb detected the HO's zero-point fluctuations in atomic spectra.

1948–54 Renormalization formalized the separation of universal from cutoff-dependent physics.

1971 Wilson showed that mode elimination is HO spectral projection generalized.

1973 Asymptotic Freedom proved non-abelian theories flow to the harmonic fixed point in the UV.

2012 Higgs revealed the inverted harmonic oscillator at the electroweak scale.

7.2 Falsifiability Conditions

The RG-harmonic isomorphism thesis makes specific, falsifiable predictions:

1. Transmon anharmonicity scaling: Any weakly anharmonic bosonic system flows to a harmonic IR fixed
point. In circuit QED, as  increases, the transmon's anharmonicity  should scale as

. Deviation from this scaling at high  would falsify Pillar V.

1. Log-periodicity in strongly coupled RG flows: Discrete scale invariance (log-periodic oscillations) should
appear wherever the RG -function admits limit cycles. The Efimov effect in cold atoms is one example; the
thesis predicts log-periodic signatures in QCD near the conformal window and in condensed matter systems
near quantum critical points.

1. Zero-point energy unobservability: The zero-point energy is not observable in any non-gravitational
experiment — only differences are. This is already a theorem of QFT, but the RG-harmonic lens makes it a
necessary consequence of scale separation. Any experiment claiming to measure absolute zero-point energy (as
opposed to Casimir-type differences) would falsify Pillar IV.

1. GUT-scale harmonic prototype: The Standard Model's three gauge couplings meeting at  is the RG
fingerprint of a single harmonic oscillator prototype at the unification scale. If future precision measurements
(e.g., proton decay searches at Hyper-Kamiokande) fail to find unification-scale physics while the coupling
convergence persists, the harmonic-unification interpretation is weakened.
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7.3 Calibration Register

Prediction
Check
Date

Condition Status

Transmon  at 2028 Published transmon characterization data PENDING

Log-periodic oscillations in near-conformal
QCD

2030 Lattice QCD at PENDING

No non-gravitational absolute ZPE
measurement

Indefinite Any claimed measurement must survive independent
replication

PENDING

Proton decay at Hyper-Kamiokande 2035  detection PENDING

Certainty calibration: The RG-harmonic isomorphism (Pillars I–V) is a mathematical claim — the structures are
demonstrably isomorphic — and carries high confidence ( ). The retrospective evaluations of Planck,
Einstein, and the milestone chain are interpretative — they apply the isomorphism as a lens — and carry moderate
confidence ( – ). The Bayesian shifts are qualitative assessments of interpretative weight, not precise
numerical probabilities. The falsifiability conditions are genuine: each can be tested against future data, and failure
of any would require revision of the corresponding pillar.
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