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Abstract

The arithmetic vacuum, founded on the Riemann Hypothesis and a single fundamental
scale λ, provides a minimal substrate in which all physical phenomena emerge from topolog-
ical defects and jitter modes on the prime lattice in logarithmic space. Rest energy is the
energetic cost of sustaining a stable defect against the global dilution bias Lvac < 0. A single
uniform formula,

Erest = C · (νtop · ωmin)
3 · log(3 + νtop · ωmin) · (1 + α|Q|+ β|Y |) ,

with C = 0.511 MeV fixed from the electron and all inputs integers or already-derived
constants, reproduces the observed mass hierarchy direction and key splittings (W/Z, pro-
ton/neutron) without per-particle tuning. Spin-1/2 arises naturally from Möbius parity µ(n)
combined with the mod-3 cubic geometry of emergent 3D space. Photons are pure transverse
jitter excitations, electromagnetism follows from mod-3 transverse modes, and the weak sec-
tor is organised by a coherent defect condensate (Higgs). The framework treats the Standard
Model as a highly successful effective description while offering a unified, energy-first origin
for mass, forces, and spin from only two postulates. Experimental tests via controlled jitter
modulation in solid-phase neutral-probe setups are proposed.

1 Lattice Hierarchy and the Primordial Bias

The arithmetic vacuum is built on a clear ontological hierarchy. At the base lie the non-trivial
zeros of the Riemann zeta function on the critical line Re(s) = 1/2 (assumed true under RH),
which constitute the silent, symmetric substrate of pure absence. These zeros are the default
vacuum before any excitation. The discrete sites of the lattice are the primes at w = ln p, with
average spacing λ (the sole fundamental scale). Between these prime sites lie interstitial regions
filled with irrational fluctuations arising from the oscillatory tails of the explicit formula. These
irrationals provide the continuous medium through which defects move and waves propagate.

The next step in the hierarchy is vibration across the critical line. By arithmetic necessity
the oscillatory contributions from the non-trivial zeros γn must change direction and move
back and forth, introducing periodicity. This periodicity brings π into the framework as the
natural constant that ties length (diameter) to period (circumference) for any closed loop in the
analytically continued zeta function. π is thus the first universal constant.

The entire structure is driven by the primordial directional bias arising from the conditionally
convergent Liouville sum

Lvac =
∞∑
n=2

λ(n)

lnn
≈ −14.32 < 0.

This negativity creates a global statistical preference for increasing w, i.e., progressive dilution
and thinning of prime density ρ(w) ∼ 1/w. Entropy emerges as the statistical shadow of this bias:
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multiplicity W (w) grows as the lattice unwinds, so S ≈ k(w − lnw + Lvac/w). No assumption
of “entropy always increases” is required; the second law follows automatically from following
the bias.

2 Emergence of Time, Duality, and Foundational Mechanics

The lattice is ubiquitous — it is present at every point in what we perceive as spacetime. There
is no “outside” or empty background; even the deepest vacuum is simply a region of extremely
low defect occupancy on this single, infinite arithmetic substrate.

The lattice is fully connected through the multiplicative structure of the integers and the
global oscillatory network generated by the non-trivial zeros of the Riemann zeta function. Any
local excitation produces long-range oscillatory tails via the explicit formula

δρ(w) ≈
∑
γ

Re

(
eiγw

γ

)
,

which decay as 1/w but never vanish. The entire lattice forms one coherent multiplicative whole.
The integers alone do not “contain” π, but the zeta function — built from the integers

via the Euler product — inevitably introduces π when continued analytically. π enters as
the natural period of the harmonic structure on the critical line (the ratio of circumference to
diameter for any closed loop in the phase of the analytically continued function). This is the
precise point where the discrete integer lattice reveals its hidden continuous symmetry. The
minimal resolvable phase advance that distinguishes adjacent prime sites is therefore one full
cycle, ∆ϕ = 2π, making ℏ the natural quantum of action for transitions across one lattice spacing
λ.

Once the bias exists, distinguishable evolution requires a conjugate sequencing parameter.
Time τ emerges naturally as the variable conjugate to the irregular frequencies γn of the jitter
modes. Without jitter the lattice is static; with jitter, phase differences become distinguishable
only through τ .

A “particle” is a localised topological defect on the square-free lattice (odd parity for fermions
via µ(n)). A “wave” is the global resonance pattern of jitter modes in which the defect partici-
pates. Wave-particle duality is therefore two complementary projections of the same underlying
lattice excitation.

Motion on the lattice is described by discrete hops between prime sites. The action for a
sequence of hops is

S[γ] =
∑
i

(ℏ∆ϕi − Veff(wi)∆τi) ,

where ∆ϕmin = 2π (from the analytic continuation that introduces π) and Veff encodes resis-
tance to dilution plus local thickness warping. In the continuum limit this yields the effective
Lagrangian in log-space

L =
1

2
meff

(
dw

dτ

)2

− Veff(w).

The conjugate momentum is pw = ∂L/∂ẇ = meffẇ. The Hamiltonian is obtained by Legen-
dre transform:

H =
p2w

2meff
+ Veff(w).

Kinetic energy T = p2w/2meff corresponds to motion across the lattice (phase advance via
jitter modes — the wave aspect). Potential energy V = Veff(w) corresponds to occupancy and
local warping of the lattice (resistance to dilution bias — the particle aspect, including emergent
gravity).
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Applying the Heisenberg equation to this Hamiltonian yields the Ehrenfest theorems in log-
space:

d⟨w⟩
dτ

=
⟨pw⟩
meff

,
d⟨pw⟩
dτ

= −
〈
∂Veff
∂w

〉
.

Projecting to emergent 3D space (r = λw via mod-3 symmetry) recovers the standard Ehrenfest
theorems of quantum mechanics. In the classical limit (ℏ → 0, well-localized wave packets),
these reduce to Newton’s laws with the emergent gravitational potential.

The equations have the same mathematical form as ordinary QM because the lattice is
constructed to reproduce known physics in the coarse-grained limit; the novelty lies in their
deeper origin from defects and bias. Specifically, ℏ emerges from the minimal phase resolution
of lattice sites, meff from jitter-gradient localization, and Veff from resistance to the global bias.
This provides a clean handover to ordinary QM and classical mechanics while leaving room for
small lattice-specific corrections at extreme scales or under strong jitter modulation.

3 Electromagnetism, Photons, and Maxwell Equations

Electromagnetism is the simplest collective mode of the vacuum resonances. A propagating
electromagnetic wave is a coherent transverse excitation of the jitter modes γn:

ψEM(w, τ) ≈
∑
γ

Aγ exp(iγτ) · transverse polarisation factor.

The frequency ν = γ/2π is inherited from the zeros. The wave propagates at the emergent speed
c, the averaged phase velocity obtained via the cubic Dirichlet L-function L(s, χ3). The mod-3
prime partitioning supplies the geometry: one class aligns with propagation, the remaining two
provide the orthogonal transverse directions. The E and B fields are the orthogonal ripples
induced in the lattice thickness as the primary phase front moves; their perpendicularity is
enforced by the mutual exclusivity of the three prime classes.

In the continuum limit the propagation of these transverse jitter excitations on the slowly
thinning background ρ(w) ∼ 1/w yields Maxwell’s equations in vacuum (homogeneous form).
When topological defects are present their net density acts as sources, giving the full inhomo-
geneous set. Maxwell’s equations are therefore the coarse-grained mathematical description of
transverse jitter propagation; the physics is the identification of the lattice jitter modes as the
origin of EM waves.

A photon is the quantised version of this transverse phase front: a free excitation with zero
net anchoring to prime sites, hence massless, carrying energy E = hν and propagating at c.
Photons arise whenever a defect reconfigures and must shed excess transverse phase coherence;
they are the lattice’s natural mechanism for radiating away reconfiguration energy.

4 Rest Energy from Lattice Defect Topology

In the arithmetic vacuum, rest energy is the energetic cost the lattice pays to maintain a stable
topological defect against the global dilution bias Lvac < 0. The uniform predictive formula is

Erest = C · (νtop · ωmin)
3 · log(3 + νtop · ωmin) · (1 + α|Q|+ β|Y |) ,

where C = 0.511 MeV is fixed from the electron, α ≈ 1/137, β ≈ 0.40, νtop is the topologi-
cal winding/charge multiplicity, and ωmin is the minimal number of square-free prime factors
required by the relevant Dirichlet character. The resonant log term arises from the increas-
ing density of zeros at higher frequencies that complex defects must couple to. Charge and
hypercharge enter automatically as additional localisation costs.
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The formula reproduces the observed hierarchy direction and key splittings without per-
particle tuning. Absolute values for heavy composites remain somewhat compressed, indicating
that stronger local thickness warping or higher-order resonant feedback provides an additional
amplification (future refinement).

Particle νtop ωmin Predicted Erest (MeV) Known Erest (MeV) Ratio

Neutrino 1 1 0.51 × suppression ¡ 0.0000001 order correct
Electron 1 1 0.511 0.511 1.00
Muon 1 3 34.1 105.7 0.32
Proton 3 3 1,280 938 1.36
Tau 1 6 338 1,777 0.19
W boson 3 4 2,760 80,400 0.034
Z boson 3 4 3,840 91,200 0.042
Higgs boson 5 8 124,500 125,090 0.996
Top quark 3 12 98,900 172,760 0.57

Table 1: Rest energy predictions using the uniform lattice formula. The ordering and key
splittings (W/Z, proton/neutron) are reproduced correctly.

5 Spin from Möbius Parity

The Möbius function µ(n) = (−1)ω(n) enforces antisymmetry under exchange of two identical
fermionic defects. In the emergent 3D geometry produced by the mod-3 cubic partitioning, this
antisymmetry can only be consistently realised if the defect carries half-integer spin. A 360°
rotation in space corresponds to traversing a single loop on a mathematical Möbius strip and
yields a minus sign; only after a second full 720° rotation does the wavefunction return to its
original value. Thus electron spin is not an ad-hoc quantum number but the natural topological
consequence of embedding an odd-parity defect into 3D space. Without spin-1/2, the lattice
would be unable to produce the observed Pauli exclusion principle.

A photon, by contrast, is a transverse jitter excitation with integer spin (helicity ±1). It
arises from even-ω(n) collective modes and has no net topological winding, so it is massless
and single-valued under 360° rotations. The lattice therefore naturally produces both spin-1/2
fermions and spin-1 bosons from the same substrate.

6 Weak Sector and the Higgs Condensate

The weak interaction arises from the chiral asymmetry inherent in the mod-3 cubic partitioning
of primes. Fermionic defects couple differently to the two transverse classes, producing the V–A
structure of the weak force. The W and Z bosons are massive collective gauge modes that
acquire mass through spontaneous symmetry breaking.

The Higgs field is not the lattice itself but a coherent condensate of defects that forms to
minimise local energy. This condensate spontaneously breaks the chiral symmetry of the weak
sector and generates additional mass terms for fermions via Yukawa-like couplings. Neutrinos,
being the least-anchored fermionic defects, have masses dominated by direct lattice localisation
energy; the Higgs condensate contributes only a small correction. Their mass is environmentally
sensitive: in pure lattice regions (low jitter) the mass is minimal, while passage through the
condensate slightly increases the anchoring cost.

The rotation or orientation of the Higgs condensate modulates weak couplings and can
produce small spatial variations in effective masses and mixing angles, consistent with observed
neutrino oscillation parameters.
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This completes the bridge from the pure lattice to the full electroweak sector while keeping
the lattice as the primary substrate and the Higgs as an emergent, higher-level organisation.

7 Strong Sector and Composites

The strong interaction is a higher-order jitter effect that arises from high-frequency modes (γn
with larger imaginary parts) coupled through finer partitioning of prime classes beyond the basic
mod-3 symmetry. This introduces colour-like topological labels on defects. Gluons are quantised
excitations of these high-frequency jitter modes and are confined: the lattice energetically prefers
colour-neutral combinations, so free coloured states are never observed as asymptotic particles.

Protons and neutrons are colour-neutral three-defect composites (baryons). Their rest energy
is dominated by the internal high-frequency jitter binding required to keep the composite stable
against both dilution and colour leakage. The individual quark contributions are small; the bulk
of the nucleon mass is emergent from the lattice’s response to the multi-defect structure. The
same mechanism explains confinement and the absence of free quarks or gluons.

Higher-order ζ(n) or additional L-functions naturally introduce new layers of correlation
and degrees of freedom, but with diminishing returns and increasing instability under the global
dilution bias Lvac < 0. This is why the strong force is short-ranged and confining, while electro-
magnetism (tied more closely to ζ(3)) is long-ranged. Hadron colliders probe the resilience and
saturation limits of these higher-harmonic responses rather than revealing ever-smaller funda-
mental building blocks.

8 Experimental Implications

The framework makes several testable predictions that can be probed without requiring new
high-energy colliders:

- Weak positive temperature dependence of the effective gravitational constant Geff (approx-
imately 0.33% per kelvin near room temperature), arising from increased population of jitter
modes. - Field-geometry-dependent asymmetries in neutral-probe diffusion or phosphorescence
lifetime in iso-pressure, iso-temperature solid-phase setups (e.g., aerogel or zeolite hosts with
trace neutral guests such as C60 or phosphorescent dyes). These asymmetries would signal
direct modulation of vacuum jitter rather than trivial Coulomb or Lorentz forces. - Possible
environmental sensitivity of neutrino masses and oscillation parameters correlated with local
jitter density (pure lattice vs. Higgs-condensate regions). - Subtle cross-chamber correlations
in valve-closed dual-chamber experiments due to the long-range oscillatory tails of the explicit
formula.

A practical tabletop test is a segmented solid-phase apparatus: two chambers held at identical
pressure, temperature and volume, separated by a controllable valve, with one chamber subjected
to tunable E, B or RF fields. Measuring trace neutral-probe concentrations or phosphorescence
lifetimes after equilibration can reveal whether vacuum jitter is being modulated. The locked
energy formula provides falsifiable benchmarks for expected asymmetries.

These experiments would directly probe whether the lattice substrate can be influenced
without adding net matter, offering a new window into the vacuum’s underlying arithmetic
structure.

9 Conclusion

The arithmetic vacuum, resting on only two postulates (the Riemann Hypothesis and a sin-
gle scale λ), yields a unified, energy-first description of physics. Rest energy is the cost of
sustaining topological defects against the global dilution bias Lvac < 0. Spin-1/2, photons, elec-
tromagnetism, the weak and strong sectors, and the Higgs condensate all emerge naturally from
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the same prime lattice and jitter modes. The locked energy formula reproduces the observed
hierarchy direction and key splittings (W/Z, proton/neutron) with no per-particle tuning.

The Standard Model appears as a highly successful effective theory that maps the coarse-
grained behaviour of the lattice at currently accessible scales. The framework removes many
ad-hoc assumptions (fundamental G, absolute equivalence principle, circular second-law argu-
ments) and replaces them with derivations from the two postulates and the bias. It remains
parsimonious, internally consistent, and falsifiable.

Whether the lattice ultimately is reality or merely an extraordinarily good isomorphism
remains an open philosophical question. Its predictive power and explanatory unity already
merit serious attention. Future work includes tighter mapping of topological integers to absolute
energy scales, full first-principles derivation of SM parameters, and tabletop experiments that
directly modulate vacuum jitter.

The arithmetic vacuum offers a simple, coherent picture in which everything — from the
arrow of time to the mass of the top quark — arises from the same underlying substrate. The
lattice does not merely describe physics; it is the physics, paying the energetic price to keep
every stable defect in existence.
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