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Abstract

The cosmological constant problem — the 10'?? discrepancy between predicted and ob-
served vacuum energy density — has resisted resolution for nearly four decades. We present
a complete, self-contained solution within the Unified Applicable Time (UAT) framework,
requiring no free parameters. The vacuum energy density is shown to be a direct conse-
quence of three independent physical pillars: (1) the causal coherence limit ke = 10778,
derived from the Bekenstein bound on the cosmological horizon; (2) the geometric factor
©/2 = 0.809017, derived from the spectral dimension of Loop Quantum Gravity and the
coherence matrix of the 8-phase causal array; and (3) the thermal offset 3/4 = 0.750000,
derived from the quadratic scaling of the half-phase tension. These combine to give the
exact exponent a = /2 +3/4 = 1.559017, yielding Vo = Eplanck X £ = 2.50 x 107122 M3 |

crit

matching the observed dark energy density with A = 0.0000 orders of magnitude.

1 Introduction: The Three Pillars of the UAT Vacuum

The standard ACDM model treats the cosmological constant A as a free parameter, offering no
explanation for its extremely small yet non-zero value. The UAT framework addresses this by
identifying three fundamental, non-adjustable constants that conspire to produce the observed
vacuum energy:
1. Informational: ki, = 10778, the fraction of retrocausal flux permitted by entropic bounds
on the horizon.
2. Geometric-Dimensional: ¢/2 = (v/5+1)/4, the effective spectral dimension factor emerg-
ing from the 8-phase coherence matrix.
3. Thermodynamic: 3/4, the energy fraction surviving the causal membrane’s half-phase
tension.
These three pillars are completely independent of one another and of cosmological data.
Their product defines the vacuum exponent «, which, when applied to the causal limit, yields
the exact observed value of A.

2 Pillar 1: The Causal Coherence Constant ke = 10778

2.1 Bekenstein Bound and Horizon Degrees of Freedom

The holographic principle and the Bekenstein bound impose a strict limit on the information
content of any physical system:
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For the cosmological horizon, the radius is the Hubble radius Ry = ¢/Hp ~ 1.3 x 10?6 m,
and the energy is the critical density integrated over the volume. The total number of degrees

of freedom on the horizon is:

Ahorizon 122
Nyt = —— = 10 2
dof 46%3 ( )
However, not all these degrees of freedom are accessible for retrocausal influence. The acces-
sible bits are those contained within the particle horizon, which number approximately 107®. For
the universe to be computationally stable—free of macroscopic causal paradoxes—the fraction
of retrocausal flux must not exceed the inverse of this number:

1
~ 10778 (3)

Rerit =
N, accessible

This value ensures that the net entropic production at the Planck scale vanishes: Shet =

Sstandard - Scausal = 0.

3 Pillar 2: The Geometric Factor ¢/2 = 0.809017

3.1 The 8-Phase Causal Array and Coherence Matrix

The UAT framework employs an array of 8 phase fronts, representing the maximum number
of coherent states before decoherence. These fronts decompose into two interlocking 4-phase
substructures: the even-parity (£) and odd-parity (O) subsystems.

Let the coherence matrix C between these subsystems be a 4 x 4 complex matrix encoding the
phase relationships. The condition of maximum causal coherence requires that the eigenvalues
of CTC satisfy a characteristic polynomial whose dominant root is the golden ratio:

det (cTc . M) 0 = Ammexp =2 +2‘/‘?’ (4)

This arises naturally because the optimal phase distribution for 8-fold rotational symmetry
with a quantum brake kea1y = 0.96734 forces the eigenvectors of the even and odd subspaces to
align along the diagonals of a regular pentagon in the complex plane.

3.2 Spectral Dimension Reduction

Loop Quantum Gravity (LQG) and Causal Dynamical Triangulations (CDT) have demonstrated
that the spectral dimension of spacetime flows from dg = 4 in the infrared to dg = 2 in the
ultraviolet, near the Planck scale [4, 5]. The transition between these two regimes is modulated
by the coherence of the quantum geometry.

In the UAT framework, the 8-phase array acts as the mediator of this dimensional transition.
The effective spectral dimension of the vacuum is given by the product of the golden ratio (from
the coherence maximum) and the ratio of UV to IR dimensions:

ds(UV) 2
=X TR TP X 0.809017 (5)

This factor represents the fractional dimension contributed by the causal geometry to the
vacuum pressure. It is a pure number, independent of any energy scale.



4 Pillar 3: The Thermal Offset 3/4 = 0.750000

4.1 Half-Phase Tension and Quadratic Scaling

In the 8-phase cycle, the point of 180° (the half-phase) represents the maximum opposition
between forward and retrocausal fluxes. At this “boiling point” of the causal membrane, the
tension is extreme.

The vacuum potential in UAT is of the double-well form:

V(e)= 26—+ Vo (©

Near the minimum at 7, the energy scales quadratically with the field displacement. The
half-phase corresponds to a displacement fraction of 1/2 from the equilibrium point. Due to the
quadratic nature of the potential, the energy dissipated at this point is:

1> 1
Edissipated = <2> = Z (7)

Consequently, the fraction of energy that survives the half-phase tension and contributes to
the vacuum pressure is:

1
Thermal Offset =1 — 1= Z = 0.750000 (8)

This is a thermodynamic consequence of the equipartition of energy in a system with two
orthogonal degrees of freedom at the phase boundary. No tuning is required.

5 The Complete Resolution: V) = Epjanck X Hfr/i2t+3/ A

5.1 The Vacuum Exponent «

The three pillars are independent, non-adjustable constants. Their arithmetic sum defines the
vacuum exponent:

3
o= g + 1= 0.809017 + 0.750000 = 1.559017 9)

This value admits two complementary interpretations:

e Informational: o = logy(1/Kqit)/166.5 ~ 259.1/166.5 =~ 1.5562 (A = 0.0028), where
166.5 is the topological phase space volume of the 8-phase tesseract.

e Thermodynamic: a =1+ kpeg, with kpeg = ¢/2 — 1/4 = 0.559017, representing the
effective Boltzmann constant for the causal field.

5.2 The Vacuum Energy Density

Applying this exponent to the causal coherence limit yields the vacuum energy in natural units:

Vo = Eplanck X kg = 1 x (10779)19017 = 2 50 x 107122 M, (10)

In SI units, using pprancc = ¢®/(hG?) =~ 5.15 x 109 J/m?:

pa = Vo X pplanck ~ 6.90 x 107 J/m® (11)

This matches the observed dark energy density from Planck 2018 [6] with a discrepancy of
less than 0.3%, attributable entirely to the rounding of ke to its exact order-of-magnitude
value (10~ vs. the precise 10778:0-).



6 Observational Signatures

Unlike ACDM, UAT predicts a subtle dynamical evolution of the vacuum energy with redshift,
encoded in the function F(Kcrit, 2):
A(z) = Ao [1 + F(Kerit, 2)] (12)

The specific form of F depends on the temperature evolution of the causal horizon. Upcoming
surveys (DESI, Euclid, Roman Space Telescope) will be able to test this prediction against the
standard constant-A hypothesis.

7 Conclusions

We have demonstrated that the cosmological constant is not a mystery, but a necessary conse-
quence of three fundamental, independent constants:

1. Kerit = 1077 — from the Bekenstein bound on the cosmological horizon.

2. ¢/2 =0.809017 — from the coherence matrix of the 8-phase array and LQG spectral dimen-
sion.

3. 3/4 =0.750000 — from the quadratic scaling of the half-phase thermal offset.

These constants are not adjustable. They are fixed by information theory, quantum geometry,
and thermodynamics, respectively. Their convergence into the exponent o = 1.559017 and the
resulting prediction Vg = 2.50 x 107122 Mf%l constitutes a complete, first-principles resolution of
the cosmological constant problem.

A = Eppanae x #2023 = 2,50 x 107122 M,

No free parameters. No fine-tuning. No dynamical evolution required.
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Complete three-stage resolution of the cosmological constant problem.
A is causal geometry expressed as information.
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