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Abstract. This essay stages a hypothetical dialogue between a critic 

of the Standard Model (EG) and a mainstream particle physicist (MP) 

on the foundations of the Higgs sector. The exchange starts from 

textbook ground: whether electroweak symmetry breaking preserves 

unitarity and energy–momentum conservation. It then moves, step 

by step, into contested territory: vacuum entanglement, 

microcausality, the triviality of four-dimensional scalar field theory, 

the metastability of the electroweak vacuum, and the fine-tuning of 

the Higgs mass. 

The dialogue argues that triviality and fine-tuning are not cosmetic 

defects but signals that the continuum, strictly four-dimensional 

formulation of the Higgs sector cannot be fundamental. Fractional 

Field Theory (FFT), built on a minimally fractal spacetime of 

dimension 𝐷 = 4 − 𝜀, is presented as a candidate way out. Its central 

conceptual claim is that self-similarity merges locality and 
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nonlocality into a single-scale dependent notion. The open problems 

this raises, above all for unitarity and causality, are stated plainly in 

the closing section. 

Keywords: Higgs mechanism; electroweak symmetry breaking; 

unitarity; triviality; hierarchy problem; vacuum metastability; 

fractional calculus; Fractional Field Theory; dimensional 

regularization; self-similarity. 

1. Introduction 

The discovery of a 125 GeV scalar at the Large Hadron Collider in 

2012 confirmed the central prediction of the Brout–Englert–Higgs 

mechanism [1–5]. Yet the Higgs sector remains the least understood 

part of the Standard Model (SM). It is the only sector built on an 

elementary scalar, the only one whose mass parameter is not 

protected by a symmetry, and the only one whose quartic self-

coupling is believed to lack a consistent continuum limit in four 

dimensions. 
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The dialogue form is chosen deliberately. Foundational disputes in 

physics are rarely settled by a single calculation; they are settled, or 

at least clarified, by pressing a position until its hidden assumptions 

surface. Two voices carry the exchange: 

• EG, a critic who regards triviality, fine-tuning and vacuum 

metastability as symptoms of a deeper inconsistency, and who 

advocates Fractional Field Theory (FFT) as a remedy [36–43]. 

• MP, a mainstream particle physicist who defends the standard 

effective-field-theory (EFT) reading of the SM, concedes what 

must be conceded, and presses EG on the costs of the 

alternative. 

The argument proceeds in the order the original exchange followed. 

Sections 2–4 settle what is not in dispute: unitarity, conservation 

laws, entanglement and microcausality. Sections 5–7 move to 

triviality, metastability and fine-tuning, where the standard picture 

is genuinely strained. Sections 8–9 present FFT and its central claim 

about self-similarity. Section 10 separates what has been argued 
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from what remains to be shown. Natural units (ℏ = 𝑐 = 1) are used 

throughout, with the Higgs potential written as 

 𝑉(𝐻) = −𝜇2𝐻†𝐻 + 𝜆 (𝐻†𝐻)
2
,  𝑚ℎ

2 = 2𝜆𝑣2,  𝑣 ≃ 246 GeV. (1) 

2. Unitarity and Energy–Momentum Conservation 

The opening question is elementary but not idle: does spontaneous 

symmetry breaking in the electroweak sector respect the two most 

basic constraints of relativistic quantum theory? Both participants 

agree that it does, but for reasons worth stating carefully. 

EG: Is the Higgs mechanism of electroweak symmetry breaking 

strictly unitary? Does it conserve energy and momentum? 

MP: Within quantum field theory, yes on both counts. The Higgs 

mechanism is not a process that unfolds in time and changes the 

laws of physics. It is a statement about the theory’s ground state: the 

Lagrangian is invariant under 𝑆𝑈(2)𝐿 × 𝑈(1)𝑌, while the vacuum 

that minimizes the energy is not. The equations of motion never 
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change, so nothing in the mechanism can switch the conservation 

laws off [1–3]. 

EG: Take unitarity first. What exactly is being preserved? 

MP: Two things. The first is the unitarity of the S-matrix, 𝑆†𝑆 = 𝟙, 

which encodes conservation of probability. Without a Higgs boson, 

the amplitude for scattering longitudinally polarized 𝑊 and 𝑍 

bosons grows with the centre-of-mass energy: 

 𝒜(𝑊𝐿𝑊𝐿 → 𝑊𝐿𝑊𝐿) ∼
𝑠

𝑣2
 (no Higgs),  𝒜 ∼

𝑚ℎ
2

𝑣2
 (with Higgs).(2) 

The partial-wave bound is violated at roughly 1–2 TeV unless 

something intervenes. Higgs exchange cancels the growing terms 

exactly; this is the content of the Lee–Quigg–Thacker bound and of 

the earlier tree-unitarity analysis of Cornwall, Levin and 

Tiktopoulos [6, 7]. The second is the gauge-theoretic structure. Three 

of the four real components of the Higgs doublet become the 

longitudinal modes of 𝑊± and 𝑍. In the unitary gauge only physical 

states appear; in covariant gauges, BRST symmetry and the Kugo–
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Ojima quartet mechanism guarantee that ghosts and unphysical 

polarizations decouple from the physical subspace [8]. 

EG: And energy and momentum? 

MP: Those follow from spacetime symmetry, not from the internal 

gauge symmetry. By Noether’s theorem, invariance of the action 

under spacetime translations yields a conserved energy–momentum 

tensor [9, 10]. The SM Lagrangian is translation invariant before and 

after symmetry breaking, because the vacuum expectation value 

(VEV) is a constant. A constant background does not single out a 

point or a moment, so it cannot inject or remove energy. 

EG: Then how do particles “gain” mass without drawing energy 

from somewhere? 

MP: Mass is not acquired in a dynamical event; it is a parameter of 

the quadratic part of the action once fields are expanded around the 

true vacuum. For a fermion with Yukawa coupling 𝑦𝑓, the term 

𝑦𝑓𝑣 𝜓‾𝜓/√2 is simply a mass term. A popular image speaks of 

particles experiencing “drag” from the Higgs field, but that image 
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misleads. A Lorentz-scalar background exerts no friction on uniform 

motion; it changes the dispersion relation to 𝐸2 = 𝐩2 +𝑚2. Energy is 

conserved in every process, with rest energy and kinetic energy 

trading off exactly as relativity requires. 

3. Vacuum Entanglement and Unitarity 

The second exchange brings quantum information into the 

discussion. EG’s worry is that the vacuum is not a quiet backdrop 

but a highly entangled state, and that mass generation might inherit 

some of that disorder. 

EG: The quantum vacuum carries a large entanglement entropy. 

How can mass generation stay unitary in the presence of large, 

nonlocal entropy fluctuations? 

MP: The key is to distinguish the entropy of a subsystem from the 

state of the whole. Partition space into a region 𝐴 and its 

complement 𝐵. The global vacuum |𝛺⟩ is a pure state, with zero von 

Neumann entropy. Tracing out 𝐵 gives a mixed reduced state for 𝐴: 
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 𝜌𝐴 = Tr𝐵|𝛺⟩⟨𝛺|,  𝑆𝐴 = −Tr(𝜌𝐴ln𝜌𝐴). (3) 

In 3 + 1 dimensions 𝑆𝐴 is ultraviolet divergent and, at leading order, 

scales as the area of the boundary divided by the square of the 

short-distance cutoff [12, 13]. That entropy measures correlation 

between 𝐴 and 𝐵, not thermal disorder and not a loss of 

information. The global state still evolves as 𝑈(𝑡) = 𝑒−𝑖𝐻𝑡, and the 

vacuum, being an eigenstate of 𝐻, does not evolve at all except for a 

phase [14]. 

EG: You are describing entanglement as if it were a property of a 

region. It is not. Entanglement is not a localized property of the 

vacuum. 

MP: That correction is right, and the wording matters. The entropy 

𝑆𝐴 is assigned to a region, but entanglement itself is a relation 

between regions. The Reeh–Schlieder theorem makes this precise: 

acting on the vacuum with operators localized in any open region, 

however small, generates a dense set of states in the whole Hilbert 
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space [11, 14]. The vacuum is correlated across arbitrarily large 

spacelike separations. 

EG: Then the question sharpens. If the vacuum is a nonlocal web of 

correlations, why does a local process, such as a 𝑊 boson 

propagating through the Higgs condensate, not get scrambled by it? 

MP: Because correlation is not interaction. The vacuum is stationary, 

so its entanglement structure does not fluctuate in time; there is no 

time-dependent “entropy noise” for a propagating particle to 

absorb. What the vacuum does contain are quantum fluctuations of 

the field operators around their mean. Those fluctuations are fully 

accounted for by loop corrections. They renormalize masses and 

couplings, but they do so through a unitary Hamiltonian and in a 

way constrained by the Ward–Takahashi and Slavnov–Taylor 

identities of the gauge theory [8, 9]. 
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4. Locality, Microcausality and the Status of the Higgs VEV 

Having granted that the vacuum is nonlocally correlated, the 

dialogue turns to the principles that keep those correlations from 

becoming nonlocal influences. 

MP: Two structural principles do the work. The first is cluster 

decomposition. For operators localized near 𝑥 and 𝑦, vacuum 

correlations factorize at large separation: 

 lim
|𝐱−𝐲|→∞

⟨𝛺| 𝒪1(𝑥) 𝒪2(𝑦) |𝛺⟩ = ⟨𝛺| 𝒪1(𝑥) |𝛺⟩ ⟨𝛺| 𝒪2(𝑦) |𝛺⟩. (4) 

The connected part decays exponentially when there is a mass gap 

and as a power law when massless fields are present [9, 15]. The 

second is microcausality: local observables at spacelike separation 

commute, 

 [𝜙(𝑥), 𝜙(𝑦)] = 0  for  (𝑥 − 𝑦)2 < 0, (5) 

so no operation at 𝑥 can change measurement statistics at 𝑦 outside 

its light cone. Correlations exist, but they cannot carry signals or 

alter parameters remotely. In the axiomatic framework, locality, the 



E. Goldfain Hypothetical Dialogue on the Physics of the Higgs Sector 

11 

spectrum condition and Lorentz covariance together underwrite a 

well-defined, unitary scattering theory [15]. 

EG: You keep speaking of the VEV as if it were a physical object 

filling space. Suppose the Higgs sector is nontrivial and interactions 

propagate at finite speed. By the time an influence from the Higgs 

vacuum reaches a massless 𝑊 or 𝑍, the scalar sector could already 

have collapsed because of its triviality in four dimensions. 

MP: That argument treats the VEV as a signal emitted from 

somewhere. It is not. The Higgs field and the gauge fields are 

defined at every spacetime point, and the mass term for the 𝑊 

boson, 
1

4
𝑔2𝑣2 𝑊𝜇

+𝑊−𝜇, is local: it couples fields at the same point. No 

influence has to travel, so there is no lag to exploit. 

There is also a subtler point. In a gauge theory, the statement “⟨𝐻⟩ =

𝑣” is gauge dependent. Elitzur’s theorem forbids the spontaneous 

breaking of a local gauge symmetry, so a gauge-variant VEV can be 

nonzero only after gauge fixing [16]. The physical content is 

captured by gauge-invariant composite operators, as shown by 
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Fröhlich, Morchio and Strocchi [17]. “The VEV fills space” is 

shorthand for a gauge-fixed description of a gauge-invariant ground 

state, not a claim about a material medium. Whether the scalar 

sector “collapses” is a separate question, which is triviality, and it 

deserves its own discussion. 

5. Triviality of the Scalar Sector in Four Dimensions 

Triviality is where the dialogue first reaches a genuine fault line. 

The participants agree on mathematics but disagree sharply on what 

it implies. 

MP: Let us state the result precisely. In four-dimensional 𝜆𝜙4 

theory, if one insists on removing the ultraviolet cutoff (𝛬 → ∞) 

while holding low-energy physics fixed, the renormalized coupling 

is driven to zero. The continuum limit is a free field. This was 

established rigorously for 𝐷 > 4 and strongly supported in 𝐷 = 4 by 

Aizenman and Fröhlich [18, 19], quantified on the lattice by Lüscher 

and Weisz [20], and proven for the four-dimensional Ising and 𝜙4 

scaling limits by Aizenman and Duminil-Copin [21]. 
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The one-loop running of the pure scalar coupling already shows the 

mechanism. With 𝑉 = 𝜆(𝐻†𝐻)
2
, the coupling grows logarithmically 

and hits a Landau pole: 

 𝜆(𝜇) =
𝜆(𝜇0)

1−
3𝜆(𝜇0)

2𝜋2
 ln(𝜇/𝜇0)

. (6) 

Fixing 𝜆 at low energy and pushing the pole to infinity forces 

𝜆(𝜇0) → 0. 

EG: Then triviality means the stable minimum disappears when 𝜆 =

0. The Higgs scalar turns into a massless particle that cannot interact 

with the other massless particles. Mass generation fails. 

MP: If 𝜆 were literally zero with 𝜇2 > 0, the potential would be 

unbounded below. I agree that is not a viable theory. But two steps 

in the argument do not follow. First, triviality concerns the limit 𝛬 →

∞. At any finite cutoff the theory is interacting, and the measured 

coupling is 𝜆 ≈ 0.13 at the electroweak scale, giving 𝑚ℎ ≈

125 GeV [4, 5, 50]. Second, renormalization-group “flow” is a 

change of resolution scale, not an evolution in time. Nothing 
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happens “instantaneously”; a different description applies at a 

different energy. 

The practical consequence is the triviality bound: the larger 𝑚ℎ, the 

lower the scale 𝛬 at which new physics must appear [20, 22]. For a 

125 GeV Higgs, the pure-scalar Landau pole lies far above the 

Planck scale. 

EG: You are quoting the pure-scalar result. The Higgs is not 

isolated. 

MP: Correct, and the full one-loop SM beta function shows how 

much the gauge and Yukawa couplings change the running [23]: 

16𝜋2𝛽𝜆 = 24𝜆2 + 12𝜆𝑦𝑡
2 − 6𝑦𝑡

4 − 9𝜆𝑔2 − 3𝜆𝑔′2 +
9

8
𝑔4 +

3

4
𝑔2𝑔′2 + 

The top-quark term −6𝑦𝑡
4 dominates and drives 𝜆 downward rather 

than toward a Landau pole. In fairness to your position, this does 

not prove the SM has a continuum limit either. The 𝑈(1)𝑌 coupling 

has its own Landau pole at an enormous scale, so the SM, taken 

alone, is also not known to exist as a rigorous continuum theory. Its 
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accepted status is that of an effective field theory valid below some 

finite cutoff [29, 53]. 

6. Metastability, the Limits of Perturbative RG, Decoherence and 

the Ether 

EG now widens the attack from triviality to the reliability of the 

whole perturbative picture of the Higgs vacuum. 

EG: Your line of argument is faulty. The electroweak minimum is 

unstable under quantum corrections. One can only speculate that 

the Higgs potential flattens at high scales, that perturbative RG 

remains valid there, and that decoherence does not undermine 

quantum physics altogether. And the premise that the Higgs is 

everywhere at every moment, as a global background, is as wrong 

as the ether hypothesis. 

MP: There are four claims here, and they deserve separate answers. 

Stability. You are right that the minimum is not absolutely stable. 

With 𝑚ℎ ≈ 125 GeV and the measured top mass, next-to-next-to-
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leading-order analyses find that 𝜆 turns negative near 1010–

1011 GeV [24, 25]. A deeper minimum then exists at large field 

values, and our vacuum is a false vacuum. The precise word is 

metastable rather than unstable: the computed tunnelling rate gives a 

lifetime vastly longer than the age of the universe [25–27]. The 

conclusion is sensitive to the top-quark mass and is modified by any 

new physics or gravitational effects below the instability scale. That 

the measured parameters sit so close to the stability boundary is 

itself a striking, unexplained fact. 

Perturbative RG. Granted as a methodological point: extrapolating 

the SM to 1019 GeV assumes no new degrees of freedom on the way, 

which is an assumption, not a result. Within the SM itself the 

extrapolation is well controlled, because all couplings stay small, so 

perturbation theory does not break down internally [25]. What fails 

is our knowledge of what lies above the tested range, not the 

arithmetic. 
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Decoherence. Here I disagree. Decoherence is not a departure from 

quantum mechanics. It is unitary evolution of a system together 

with its environment, followed by tracing out the environment [28]. 

It explains why superpositions become unobservable, but it cannot 

“destroy” quantum theory, because it is derived from it. 

The ether. The analogy has a sound kernel and a misleading part. The 

misleading part: the luminiferous ether defined a preferred rest 

frame, which is exactly what Michelson and Morley tested and 

relativity removed [52]. A constant Lorentz-scalar VEV defines no 

rest frame; it looks the same to every inertial observer, so no drift 

experiment can detect motion relative to it. The sound kernel: as 

Section 4 noted, the VEV is a gauge-fixed construct [16, 17], and its 

contribution to vacuum energy, of order (100 GeV)4, conflicts by 

many orders of magnitude with the observed cosmological constant. 

The “background that fills space” is therefore not as innocent as 

textbooks suggest. 

EG: So, the standard picture rests on working hypotheses. 
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MP: At high energy, yes. Absolute stability, unlimited extrapolation 

and a literal reading of the VEV are working hypotheses. The 

measured low-energy physics is not. 

7. Incomplete or Inconsistent? Triviality and Fine-Tuning 

The pivot of the dialogue is a single word. MP is willing to call the 

Standard Model incomplete; EG insists it is inconsistent. 

EG: The Standard Model is not merely incomplete. It is inconsistent, 

because of the triviality problem and the fine-tuning problem. 

MP: The distinction is worth drawing carefully. A theory is 

incomplete if it omits phenomena: dark matter, neutrino masses, 

gravity. It is inconsistent if its own axioms contradict each other. On 

triviality, I accept a precise version of your claim. A strictly four-

dimensional, interacting scalar sector valid at all scales does not 

exist as a continuum quantum field theory [18–21]. A Standard 

Model claimed to be fundamental at arbitrarily high energy is 

therefore untenable. 
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EG: And fine-tuning? 

MP: With a hard momentum cutoff 𝛬, the Higgs mass parameter 

receives corrections dominated by the top quark: 

 𝛿𝑚ℎ
2 ≃ −

3𝑦𝑡
2

8𝜋2
 𝛬2 +⋯ (8) 

Fermion masses are protected by chiral symmetry and gauge-boson 

masses by gauge symmetry, but no symmetry of the SM protects an 

elementary scalar mass [30, 31]. If 𝛬 is the Planck scale, the bare 

parameter must cancel the correction to about one part in 1034, since 

(125 GeV/1019 GeV)2 ≈ 10−34. I would still call this a failure of 

naturalness rather than of consistency. Naturalness is a criterion for 

a good explanation, not a theorem [31, 33]. In dimensional 

regularization the quadratic term does not even appear; the 

sensitivity resurfaces only through heavy particles that couple to the 

Higgs, as Bardeen emphasized [32, 35]. 

EG: That observation is the heart of the matter. The quadratic 

divergence disappears when the dimension of spacetime is 
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continued to 𝐷 = 4 − 𝜀. In conventional practice 𝜀 is a calculational 

device, sent to zero at the end. I take the lesson the other way. If 

treating the dimension as continuous tames the divergences, 

perhaps the dimension of spacetime is physically continuous, and 

departs slightly from four in the deep ultraviolet [38, 42]. 

MP: Then the burden shifts to you. The effective-field-theory 

reading of the SM is consistent at every energy where it has been 

tested [29, 53]. Your proposal must reproduce all of that and also 

resolve the problems I have conceded. Let’s hear it. 

8. Fractional Field Theory as a Way Out 

EG now sets out the alternative. Fractional Field Theory starts from 

the premise that spacetime is not a smooth four-dimensional 

manifold at all scales, but a minimally fractal one whose dimension 

deviates slightly from four in the deep ultraviolet [36–42]. 

EG: Fractional Field Theory is a promising way out. Its starting 

point is that the dimension of spacetime is a running, scale-

dependent quantity, 𝐷 = 4 − 𝜀(𝜇), with 𝜀 ≪ 1 and 𝜀 → 0 in the 
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infrared. Ordinary derivatives are replaced by fractional operators, 

which are the natural calculus on such a space [44, 45]. In the low-

energy limit the theory reduces to the SM; in the deep ultraviolet it 

does not. 

MP: Begin with triviality. How does a small 𝜀 help? 

EG: Because below four dimensions the scalar quartic interaction is 

relevant rather than marginal, and an interacting fixed point 

appears. For the Higgs doublet, with four real components, the one-

loop flow in 𝐷 = 4 − 𝜀 reads 

 𝛽𝜆 = −𝜀𝜆 +
3𝜆2

2𝜋2
,  𝜆∗ =

2𝜋2𝜀

3
. (9) 

This is the Wilson–Fisher fixed point [34, 54]. The coupling is no 

longer driven to zero; the scalar sector remains interacting in the 

ultraviolet. Triviality, in this view, is an artifact of insisting on 

exactly four dimensions at all scales [40]. 

MP: And fine-tuning? 



E. Goldfain Hypothetical Dialogue on the Physics of the Higgs Sector 

22 

EG: The quadratic sensitivity is a property of four-dimensional 

integrals with a hard cutoff. With fractional kinetic operators, 

propagators scale as (𝑝2)−𝛼 with 𝛼 tied to 𝜀, which softens 

ultraviolet behaviour. Dimensional regularization already shows 

that continuous dimension removes power-law divergences [35]; 

FFT treats that continuity as physical rather than formal [38, 42]. I 

also argue that the electroweak scale and the pattern of SM 

parameters may emerge as attractors of nonlinear dynamics, 

through bifurcation and period-doubling scenarios, rather than as 

finely tuned inputs [37, 43]. 

MP: Then let me state the price, because it is steep. First, unitarity 

and causality. Fractional operators are nonlocal: they integrate over 

a neighbourhood with a power-law kernel. Locality and 

microcausality are precisely what guarantee a unitary, causal S-

matrix in standard QFT [9, 15]. Nonlocal kinetic terms can introduce 

ghosts or acausal propagation; prescriptions such as Anselmi’s 

fakeons aim to preserve unitarity in related higher-derivative 

settings, but no general result covers fractional operators [49]. 
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Second, Lorentz invariance must be recovered in the infrared to 

extraordinary precision. Third, experiment constrains any deviation 

of the dimension at accessible scales: precision quantum 

electrodynamics bounds 𝜀 to below about 10−11 at atomic and 

electron-scale energies [55]. FFT must be built so that 𝜀 is negligible 

wherever we have looked. 

EG: I accept the bounds; they are why 𝜀 must be minimal and scale 

dependent. I would add that FFT is not isolated. Multifractional 

spacetimes, causal dynamical triangulations and asymptotic safety 

all find that the effective dimension of spacetime changes in the 

ultraviolet [46–48]. Dimensional flow appears to be a common 

feature of attempts to go beyond the smooth continuum. 

9. Self-Similarity and the Merging of Locality and Nonlocality 

The final exchange concerns MP’s strongest objection, the threat that 

nonlocal operators pose to unitarity. EG’s reply is conceptual: in a 

self-similar framework, the very distinction between local and 

nonlocal changes meaning. 
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EG: Locality and nonlocality blend into a single concept once one 

realizes that Fractional Field Theory is self-similar. On a smooth 

manifold, “local” means a point and “nonlocal” means action at a 

distance. On a self-similar space, zooming into a point reveals 

structure that mirrors the larger scale [51]. A fractional derivative 

integrates over a neighbourhood with a power-law kernel, and 

power laws are the signature of scale invariance. What looks 

nonlocal at one resolution is the definition of local at the next. The 

nonlocality is not arbitrary; it is fixed by the fractal dimension, and 

so it is a geometric constraint rather than a source of uncontrolled 

influence. 

MP: There is real substance here, and a precedent you can lean on. 

Conformal field theories have power-law correlations at all 

distances, yet they are local, causal and unitary. Power-law structure 

and nonlocality of correlations are fully compatible with a healthy 

quantum theory. Scale invariance also turns the renormalization 

group from a calculational tool into a statement about geometry, 

which matches your reading of RG flow as dimensional flow. 
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But the decisive question is not about correlations; it is about 

dynamics. Unitarity of a propagator can be tested directly. By the 

Källén–Lehmann representation, a propagator compatible with 

positive probabilities has a non-negative spectral density [9]. For 

scale-invariant fields with propagator ∝ (𝑝2)−𝛼, positivity holds 

only when the field’s scaling dimension respects the unitarity 

bound, which corresponds to 𝛼 ≤ 1 [56, 57]: 

 𝛥𝜙  ≥  
𝐷−2

2
 ⇔ 𝛼 =

𝐷

2
− 𝛥𝜙  ≤  1. (10) 

A unitary propagator therefore cannot fall faster than 1/𝑝2 at high 

momentum. The ultraviolet softening that FFT needs for fine-tuning 

seems to require 𝛼 > 1, which is exactly where ghosts appear. 

EG: That bound is derived on a smooth background with an integer-

dimensional momentum measure. In FFT the dimension itself flows. 

The suppression of ultraviolet sensitivity comes primarily from the 

reduced number of modes in 𝐷 = 4 − 𝜀, not from a propagator 

steeper than 1/𝑝2. Self-similarity is what ties the two together: the 
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scaling of the measure and the scaling of the kernel are set by the 

same 𝜀. 

MP: That is a coherent strategy, and it turns the debate into a well-

posed calculation. Write down the fractional Higgs–gauge action, 

derive its spectral representation on the multifractal measure, and 

show the density is positive and the S-matrix unitary as 𝜀 → 0. If 

that works, the claim that self-similar nonlocality conserves 

probability becomes a theorem rather than an image. 

EG: Agreed. Self-similarity does not exempt FFT from unitarity; it is 

the structure through which I expect unitarity to be shown. 

10. Concluding Remarks and Open Problems 

The dialogue ends with a narrower but sharper disagreement than it 

began with. Both participants accept that the Higgs mechanism is 

unitary and conserves energy and momentum, and that vacuum 

entanglement is compatible with both. They also accept that a 

strictly four-dimensional scalar sector cannot be fundamental, and 

that the electroweak vacuum is metastable. They differ on whether 
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these facts call for an effective-field-theory cutoff or for a new 

conception of spacetime. Table 1 summarizes where the exchange 

leaves each issue. 
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Table 1. Where the dialogue leaves each issue. 

Issue Common ground Where EG and MP part 

ways 

Unitarity, 

energy–

momentum 

Preserved by 

electroweak symmetry 

breaking 

None 

Vacuum 

entanglement 

Nonlocal correlations; 

no nonlocal influence 

None, after the wording 

is corrected 

Status of the 

VEV 

Gauge-fixed 

description; no 

preferred frame 

Whether a uniform 

background is 

physically meaningful 

Triviality No interacting 

continuum limit for 4D 

𝜙4 

EFT cutoff versus 

physical dimensional 

flow 

Metastability 𝜆 < 0 near 1010–

1011 GeV 

Whether perturbative 

extrapolation is 

meaningful 
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Fine-tuning 1 part in 1034 with a 

Planck-scale cutoff 

Failure of naturalness 

versus inconsistency 

Fractional 

Field Theory 

Evades triviality via a 

Wilson–Fisher fixed 

point 

Whether unitarity and 

causality survive 

The case for Fractional Field Theory rests on one structural 

observation. Dimensional regularization, the Wilson–Fisher fixed 

point and the dimensional flow seen in several approaches to 

quantum gravity all point to the same idea: a spacetime dimension 

that is not exactly four in the ultraviolet removes the pathologies of 

the scalar sector. Self-similarity is proposed as the principle that 

makes the resulting nonlocality controlled rather than arbitrary. 

For that case to be complete, the following problems must be 

resolved: 

1. Unitarity. Derive the spectral representation of the fractional 

Higgs–gauge propagators on a multifractal measure and show 
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that the spectral density is non-negative, reconciling FFT with 

the Källén–Lehmann and unitarity bounds [9, 56, 57]. 

2. Causality and Lorentz invariance. Show that microcausality 

and Lorentz symmetry are recovered as 𝜀 → 0 to the precision 

required by experiment. 

3. Gauge consistency. Construct fractional covariant derivatives 

and the corresponding BRST structure so that unphysical 

states decouple [8]. 

4. Dynamics of 𝜀. Specify how 𝜀(𝜇) is determined, rather than 

fixed by hand, and how it vanishes in the infrared within the 

bounds of precision QED [55]. 

5. Predictions. Identify observable signatures at accessible 

energies, such as deviations in the Higgs self-coupling or in 

longitudinal vector-boson scattering, that distinguish FFT 

from a generic EFT. 

The Standard Model has earned its status through decades of 

precision tests. Its Higgs sector, however, carries clear signs that the 

smooth four-dimensional continuum is an approximation. Whether 
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Fractional Field Theory is the right replacement will be decided by 

whether it can meet the unitarity test that this dialogue has set for it. 
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