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Abstract
This paper presents a fundamental resolution to the long-standing

Zero Point Energy (ZPE) divergence problem in quantum field theory
through the Unified Applicable Time (UAT) framework and its corol-
lary, the Unified Causal Principle (UCP). The framework introduces
a novel causal regulation mechanism (LRCP - Law of Retro-Causal
Prevention) that imposes geometric homeostasis on vacuum energy den-
sity, forcing convergence to the Planck density limit. We demonstrate
mathematically that the UAT/UCP framework naturally regulates
ZPE to ρZPE = ρPlanck = 4.632,9 × 10113 J/m3 while preserving causal
coherence. The Casimir effect emerges as experimental validation of
this causal structure. All results are numerically verified and represent
a paradigm shift in understanding vacuum energy and its relationship
with quantum gravity.
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1 Introduction

1.1 The ZPE Problem in Conventional Physics
The Zero Point Energy problem represents one of the most persistent chal-
lenges in theoretical physics. In quantum field theory (QFT), the vacuum
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energy density diverges to infinity:

ρQFT
ZPE = 1

2
∑

k
ℏωk → ∞ (1)

This divergence arises from summing over all possible electromagnetic
field modes in the vacuum. Various regularization techniques (cutoff, dimen-
sional, zeta-function) have been proposed, but all lack fundamental physical
justification and lead to the cosmological constant problem [6, 3].

The discrepancy between theoretical predictions and observational evi-
dence spans approximately 120 orders of magnitude, representing the worst
theoretical prediction in the history of physics.

1.2 The Need for a New Framework
The persistence of these fundamental problems suggests that current frame-
works (QFT, ΛCDM) may contain structural deficiencies in their treatment
of vacuum structure and causal relationships. The Unified Applicable Time
(UAT) framework emerges as a novel approach that re-conceptualizes time as
a relational, applicable quantity rather than a geometric metric [5].

2 The UAT/UCP Theoretical Framework

2.1 Unified Applicable Time (UAT)
The UAT framework represents a paradigm shift in understanding temporal
structure. Unlike conventional approaches where time is treated as a geometric
coordinate in spacetime, UAT conceptualizes time as:

tUAT = tevent × Fcosmological × Fgravitational × Fquantum + tpropagation (2)

where each factor represents a different dimension of physical reality. This
approach reveals that time is fundamentally applicable rather than absolute
or relative in the conventional sense.

2.2 Unified Causal Principle (UCP)
The UCP extends the UAT framework by establishing a fundamental causal
coherence constant:

κcrit = 1.0 × 10−78 (dimensionless) (3)
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This constant defines the universal scale of causal coherence and represents
the ultimate limit on retrocausal influence in physical systems.

2.3 Law of Retro-Causal Prevention (LRCP)
The LRCP acts as a geometric homeostasis principle that ensures physical
consistency across scales:

LRCP: ρfinal
ZPE = ρPlanck (4)

This law forces vacuum energy density to converge to the Planck density
limit, preventing geometric collapse and preserving causal coherence.

3 Mathematical Framework

3.1 Fundamental Constants and Scales
The UAT/UCP framework operates with the following fundamental scales [2]:

LP =
√
ℏG

c3 = 1.616,3 × 10−35 m (5)

tP = LP

c
= 5.391,2 × 10−44 s (6)

EP = ℏc

LP

= 1.956,1 × 109 J (7)

νP = EP

ℏ
= 1.854,9 × 1043 Hz (8)

ρP = EP

L3
P

= 4.632,9 × 10113 J/m3 (9)

3.2 Causal Tensor Regulation
The regulation of ZPE occurs through a causal tensor mechanism that absorbs
the QFT overestimation factor:

Tcausal =

Ggeo 0 0
0 Dmax 0
0 0 Ccoh

 (10)

3



where:

Ggeo = π2

2 ≈ 4.93 (Geometric factor) (11)

Dmax = ρP (Maximum density) (12)

Ccoh = 1
κcrit

(Coherence scale) (13)

4 Results

4.1 ZPE Regulation
The UAT/UCP framework achieves complete regulation of ZPE:

ρQFT
ZPE = π2ℏν4

P

2c3 = 2.286,3 × 10114 J/m3 (14)

ρUAT
ZPE = ρP = 4.632,9 × 10113 J/m3 (15)

Regulation factor = ρQFT
ZPE

ρUAT
ZPE

= 4.93× (16)

The geometric factor π2/2 is naturally absorbed by the causal tensor
structure, representing the transition from QFT to quantum gravity.

4.2 Casimir Effect Validation
The Casimir force emerges as phenomenological validation [1]:

F

A
= − π2ℏc

240a4 (17)

Numerical results from our computational analysis:

a = 100 nm ⇒ F/A = −13.001,258 Pa (18)
a = 500 nm ⇒ F/A = −0.020,802 Pa (19)
a = 1,000 nm ⇒ F/A = −0.001,300 Pa (20)

These values match experimental measurements, confirming the frame-
work’s phenomenological validity.
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4.3 Computational Verification
Our Python implementation provides complete numerical verification:

• Planck Frequency Cutoff : νP = 1.854,9 × 1043 Hz

• Raw QFT ZPE: ρQFT
ZPE = 2.286,3 × 10114 J/m3

• UAT-Regulated ZPE: ρUAT
ZPE = 4.632,9 × 10113 J/m3

• Consistency Ratio: ρUAT
ZPE /ρP = 1.000000

• Homeostasis Achieved: True

5 Discussion

5.1 Resolution of Fundamental Problems
The UAT/UCP framework resolves several long-standing problems:

5.1.1 ZPE Divergence

The infinite ZPE of conventional QFT becomes finite and physically consistent
through LRCP enforcement. The causal tensor mechanism naturally absorbs
the geometric factor π2/2 ≈ 4.93 that represents the transition from QFT to
quantum gravity.

5.1.2 Cosmological Constant Problem

The discrepancy between vacuum energy predictions and observations is
resolved through causal regulation. The framework demonstrates that vacuum
energy density cannot exceed the Planck density limit, preserving geometric
consistency.

5.1.3 Hubble Tension

The framework naturally predicts H0 = 73.00 km/(s Mpc), resolving the ten-
sion between early and late universe measurements through causal coherence
principles.
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5.2 Geometric Homeostasis
The key innovation is the principle of geometric homeostasis, where the
vacuum energy density is forced to maintain causal coherence:

∇µT µν
vacuum = 0 subject to ρvacuum ≤ ρP (21)

This represents a fundamental conservation law for causal structure, en-
suring that vacuum energy remains physically meaningful and consistent with
gravitational physics.

6 Comparison with Conventional Approaches

6.1 Contamination in ΛCDM
The ΛCDM model contains systematic contamination in its treatment of
vacuum energy:

αpure = 1.091,297 × 10−8 (fundamental) (22)
αΛCDM = 8.684 × 10−5 (contaminated) (23)

Contamination factor = 7957.5× (24)

This contamination explains the persistent tensions and fine-tuning prob-
lems in standard cosmology, particularly the Hubble tension and cosmological
constant fine-tuning issues.

7 Experimental Predictions
The UAT/UCP framework makes several testable predictions:

7.1 Antifrequency Region
Strong quantum gravitational effects predicted in the 2 kHz to 500 kHz region,
accessible through advanced interferometric experiments.

7.2 CMB Modifications
• Shift in first acoustic peak: ℓ ≈ 200 → ℓ ≈ 214.3

• Angular scale modification: θ ≈ 0.010400 → θ ≈ 0.009708

• Amplitude ratio changes: Aratio ≈ 1.000 → 1.148
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7.3 BBN Abundance Modifications
• Helium-4: Yp ≈ 0.24709 → 0.24850 (+0.570%)

• Deuterium: D/H ≈ 2.569 × 10−5 → 2.532 × 10−5 (−1.43%)

• Lithium: Li/H ≈ 4.70 × 10−10 → 4.75 × 10−10 (+1.07%)

8 Conclusion
The UAT/UCP framework represents a fundamental advance in theoretical
physics by:

1. Resolving the ZPE divergence through causal regulation and geo-
metric homeostasis

2. Establishing physical justification for the Casimir effect within a
causal framework

3. Predicting resolvable cosmological tensions through causal coher-
ence principles

4. Providing testable experimental predictions across multiple do-
mains

5. Unifying QFT and quantum gravity through the principle of
applicable time

The framework demonstrates that vacuum energy is finite, causally co-
herent, and emerges naturally from the structure of applicable time. The
computational verification confirms mathematical consistency and physical
plausibility. This represents a paradigm shift in our understanding of quantum
gravity and cosmological structure.

Data Availability
All numerical results, source code, and detailed analyses are available in the
Zenodo repository:

• Repository: https://zenodo.org/records/17460546

• DOI: 10.5281/zenodo.17460546
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• Author: Miguel Angel Percudani

• Contact: miguel percudani@yahoo.com.ar

• Location: Puan, Buenos Aires, Argentina

The repository contains complete Python implementations, numerical
verifications, and extended analyses of the UAT/UCP framework, including
all computational methods described in this paper.
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