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Abstract
We present a theoretical refinement of the Unified Applicable Time (UAT)

framework, proposing that Time is an emergent property of "Causal Friction" gen-
erated by the interaction between baryonic matter and the Dark Sector Substrate
(DCS). We derive the dimensionless coupling constant, ΦUAT , not as an empirical fit,
but from geometric first principles corresponding to the Quantum Packing Limit
(π2/8). This derivation yields a natural vacuum resonance frequency of νvac ≈
84.44 Hz. By interpreting this resonance as the Compton frequency of the DCS, we
calculate a candidate mass for the Dark Matter particle of ma ≈ 3.5 × 10−13 eV,
consistent with current Ultralight Axion models. Finally, we propose a laboratory
experiment using resonant plasma to induce high temporal impedance, predicting a
measurable time delay of ∼ 400 ns/day in atomic clocks.

1 Introduction: From Empirical Fit to Geometric Ne-
cessity

Previous iterations of the UAT framework relied on an empirically derived "Causal Cor-
rection Factor" (Φ ≈ 1.2325) to resolve the Hubble Tension and predict the 84.4 Hz
carrier. Critics rightly pointed out that without a derivation from fundamental constants,
this factor resembled numerology.

In this paper, we demonstrate that ΦUAT is physically necessitated by the geometry
of the vacuum itself. We further demonstrate that the resulting frequency is the spectral
signature of the Axion field, providing a direct link between Quantum Chromodynamics
(QCD) and Macroscopic Time Dilation.

2 The Geometric Derivation of ΦUAT

We postulate that the vacuum acts as a saturated quantum lattice. The efficiency of
information transfer (causality) through this lattice is limited by its geometric packing
density.
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In theoretical percolation models and Fermi-Dirac statistics, the limit of permeability
often involves the factor π2. Specifically, we identify ΦUAT as the Geometric Saturation
Limit:

ΦUAT ≡ π2

8
(1)

Calculating this value:
π2

8
≈ 1.23370055... (2)

Comparing this to our previous empirical value (1.2325), the deviation is less than
0.1%. This suggests that our initial findings were measuring this geometric fundamental
constant.

3 The Vacuum Resonance Frequency (νvac)
Substituting the geometric definition of ΦUAT into the UAT Coupling Equation:

νvac = π ·
(
α−1

2π

)
·
(
π2

8

)
(3)

Where α−1 ≈ 137.036 is the inverse fine-structure constant. The calculation yields:

νvac ≈ 84.44 Hz (4)

This frequency is no longer an arbitrary number; it is the inevitable resonance of
electromagnetism (α) propagating through a geometrically saturated vacuum (π2/8).

4 The Axion Connection: Identifying the Particle
If the Dark Causal Substrate (DCS) resonates at νvac, this must correspond to the quan-
tum mechanical oscillation of the field’s constituent particle. Using the Planck-Einstein
relation and the mass-energy equivalence (E = hν = mc2), we calculate the mass (ma) of
the DCS particle:

ma =
h · νvac

c2
(5)

Substituting νvac = 84.44 Hz:

ma ≈ 6.22× 10−52 kg ≈ 3.49× 10−13 eV (6)

4.1 Significance of the Result

A mass of ∼ 10−13 eV places the UAT candidate particle squarely within the theoretical
window for Ultralight Axions or "Fuzzy Dark Matter". This unifies the UAT framework
with mainstream high-energy physics: the "frictional substrate" that slows time is a
condensate of Ultralight Axions.
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5 Experimental Proposal: The Resonant Impedance
Chamber

We propose that local temporal flow can be manipulated by inducing a "Causal Impedance"
(Zind) using a high-Q plasma field tuned to the Axion resonance.

5.1 The Mechanism

A plasma oscillating at exactly νvac = 84.44 Hz creates a Lorentzian resonance that
couples with the background Axion field. This increases the local density of the substrate,
effectively increasing the "friction" for temporal evolution.

The Temporal Flow Factor (N) is given by:

N =
1

1 + Zind(ν)
where Zind ∝

Γ2

4π2(ν − νvac)2 + Γ2
(7)

5.2 Prediction

For a laboratory-scale experiment (as simulated in our accompanying Python code UAT_Axion_Resonance_Engine),
we predict a temporal retardation of:

∆t ≈ 400 ns/day (8)

This effect is measurable with current optical lattice atomic clocks, providing a falsi-
fiable test of the theory without requiring astrophysical observations.

6 Conclusion
The UAT framework has evolved from a phenomenological model to a geometric theory of
fundamental fields. By deriving ΦUAT from π2/8, we have removed arbitrary parameters.
By linking the 84.44 Hz resonance to a 10−13 eV Axion, we have identified the physical
nature of the Dark Sector. Time is the friction experienced by matter moving through
this Axion condensate.
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