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Abstract

We present a single stochastic framework wherein both quantum phenomena and
large-scale cosmological structure emerge from Ornstein-Uhlenbeck (OU) time field
fluctuations. Avoiding ad hoc postulates like wavefunction collapse, we derive quantum
uncertainty, irreversibility, and fractal cosmic webs from intrinsic noise in time fields.
By grounding quantum probabilities in stochastic time-field dynamics, this model ad-
dresses the measurement problem without invoking separate collapse mechanisms. Key
testable predictions include:

• Atomic Clock Jitter : ∆t ∼ 10−19 s,

• CMB Non-Gaussianity : fNL ∼ 0.02,

• Continuous Gravitational-Wave Noise: S(f) ∝ f−3/2 at 102–103Hz,

all of which are experimentally falsifiable. By linking the damping rate α (s−1) to
entropy production and the noise amplitude β (s−1/2) to quantum scales, the Time
Field Model (TFM) unifies microscopic and cosmic phenomena under a single stochastic
process.

1 Introduction

1.1 Context and Motivation

Stochastic time fields unify both quantum and cosmic scales via a single noise-driven mecha-
nism. Random fluctuations at microscopic scales explain quantum uncertainty and the Born
rule, while on cosmic scales, the same noise seeds large-scale structure and fractal geometry.
Unlike ΛCDM, which posits dark matter/energy to explain cosmic acceleration and struc-
ture, TFM derives cosmic evolution and irreversibility from intrinsic time-wave fluctuations,
eliminating ad hoc components.
Key Contributions:
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• Quantum Mechanics from Stochastic Time Fields: The Born rule, uncertainty, and
entanglement follow from time-field noise.

• Cosmic Webs as Fractal Geometry: Self-similar clustering of “wave-lumps” yields hi-
erarchical structures (voids, filaments).

• Arrow of Time via Noise Averaging: Macroscopic irreversibility emerges from dissi-
pating fluctuations at large scales.

1.2 Paper Structure

• Section 2: OU-based SDE for time fields; Fokker-Planck solution.

• Section 3: Quantum predictions (Born rule, uncertainty, entanglement).

• Section 4: Macroscopic time arrow from noise damping.

• Section 5: Observational tests (atomic clocks, CMB, LIGO).

• Section 6: Fractal cosmic webs, inflation/dark energy from time fluctuations.

• Section 7: Conclusions, references to TFM Papers.

• Appendix A: Fokker-Planck derivation.

• Appendix A: Code availability (GitHub + Zenodo).

2 Stochastic Time Field Model

2.1 Time Wave SDE

Why Ornstein-Uhlenbeck (OU) vs. fractional Brownian Motion? While other
stochastic models (e.g., fractional Brownian motion, Lévy noise) could describe time fluctu-
ations, the OU process is preferred because:

• It ensures finite variance at equilibrium, unlike fBm, whose long-range correlations
prevent well-defined entropy growth.

• It naturally produces time decoherence rates, bridging quantum-to-classical dynamics.

• It directly links to entropy production via Ṡ = kB ασ
2.

Moreover, α (s−1) is the damping rate, while β (s−1/2) is the noise amplitude.

dT (x, t) = −αT (x, t) dt + β dW (t), (1)

where α correlates with irreversibility and β ∼
√
ℏ sets the quantum fluctuation scale.
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Physical Interpretation:

• Damping: −αT drives time waves to equilibrium (classical irreversibility).

• Noise: β dW injects quantum-like fluctuations, linking microscopic randomness to
cosmic-scale phenomena.

2.2 Fokker-Planck Equation and Equilibrium

∂P

∂t
= α

∂

∂T

[
T P

]
+

β2

2

∂2P

∂T 2
. (2)

The equilibrium (steady-state) solution Peq(T ) is:

Peq(T ) =
α

π β2
exp

(
−αT

2

β2

)
, σ2 =

β2

2α
. (3)

Here, σ2 governs quantum variance and macroscopic irreversibility.

Figure 1: Figure 1: Simulated OU trajectories. Code: Section 8. Larger α accelerates
damping.

3 Quantum Behavior Without Collapse

3.1 Born Rule Derivation

Equation (4) - Born Rule: For |Ψ⟩ =
∑

i ci|ψi⟩, TFM yields:

P
(
|ψi⟩

)
∝ exp

[
−
(
T − ⟨T ⟩

)2
2σ2

]
=⇒ P (|ψi⟩) ∝ |ci|2. (4)

Hence, quantum “collapse” arises from time-field fluctuations, not a separate postulate.
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3.2 Uncertainty Principle

Taking ∆T = σ, ∆E = ℏ/(2σ):

(∆E)2(∆T )2 ≥ ℏ2

4
=⇒ ∆E∆T ≥ ℏ

2
.

3.3 Entanglement & Noise Model

dW
(1)
t = ρ dW

(2)
t +

√
1− ρ2 dW

(indep)
t . (5)

If ρ = 1, increments match exactly, generating Bell-inequality violations (S = 2
√
2) in a toy

CHSH test.

4 Macroscopic Time Emergence

4.1 Mean-Field Arrow of Time

The damping (α > 0) forces ⟨T ⟩ → 0, breaking time-reversal symmetry:

lim
t→∞

1

t

∫ t

0

T (t′) dt′ = 0.

Equation (6) - Logistic Entropy:

S(t) = S0 ln
[
1 + ek t

]
. (6)

Irreversibility arises from time-field damping (Paper #19).

5 Observational Signatures (Theory-Only)

5.1 Quantum Regime

Atomic Clock Jitter. ∆t ≈ β/α ∼ 10−19 s at Planck-scale β; tunneling factors also shift
via Γ ∝ exp[−(∆E/β2)].

5.2 Cosmological Regime

CMB Bispectrum. TFM predicts fNL ∼ 0.02, testable by Planck/CMB-S4.

LIGO Noise. Unlike transient binary mergers, TFM yields a continuous stochastic back-
ground at 100–1000Hz from Planck-scale time fluctuations:

S(f) ∝ f−3/2.

Distinct from standard noise sources, it may be spotted by advanced LIGO, Einstein Tele-
scope, or Cosmic Explorer.
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6 Cosmological Implications and Fractal Geometry

6.1 Fractal Cosmic Webs (Wave-Lump Clustering)

Wave-lumps—localized compressions of time fields—seed cosmic structure, forming fractal
hierarchies in galaxy clustering (SDSS, BOSS, DESI). Although Fig. 2 uses a toy DLA
approach, ΛCDM N-body simulations with TFM parameters are necessary for quantitative
fits.

Figure 2: Figure 2: DLA-Generated Fractal Cosmic Web. Code: Section 8. Toy
simulation—voids and filaments; referencing SDSS fractal dimension.

6.2 Inflation and Dark Energy

If a′′

a
∝ β2(t), exponential β2(t) growth reproduces inflation; nearly constant β2(t) yields

ΛCDM-like acceleration.
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7 Conclusion and Future Work

7.1 Implications and Synthesis

Modeling spacetime as a stochastic time field with OU dynamics unifies:

• Quantum Uncertainty : Replaces wavefunction “collapse” with time-field noise (Pa-
per #7).

• Cosmic Web Formation: Wave-lumps drive fractal structure and cosmic irreversibility
(Paper #19).

• Macroscopic Arrow of Time: Emerges from damping α > 0 and noise averaging.

By bridging quantum and cosmic scales, TFM challenges standard models relying on dark
matter/energy and separate quantum postulates.

7.2 Testability and Falsifiable Predictions

• CMB Bispectrum: fNL ∼ 0.02,

• LIGO Noise: S(f) ∝ f−3/2 at 100–1000Hz,

• Atomic Clocks: ∆t ∼ 10−19 s minimal jitter.

Table 1: Comparison of TFM vs. Standard Models
Feature TFM Standard Models
Quantum Uncertainty Emerges from β2 Postulated Born rule
Cosmic Structure Fractal wave-lump seeds ΛCDM inflation w/ small fluc-

tuations
Time’s Arrow Noise damping (α > 0) Often separate thermodynamic

postulate

Observational Tests fNL ∼ 0.02, S(f) ∝ f−3/2 Typically fNL ≈ 0, no extra
LIGO floor

7.3 Limitations and Future Work

While TFM uses a classical OU SDE, quantum gravity or non-Markovian aspects may arise
at Planck scales. Future directions:

• FLRW Extensions: Solve OU SDE in expanding metric.

• Entropy Link (Paper #19): Integrate Ṡ = kB ασ
2 for logistic S(t).

• Bayesian Data Fitting: Planck fNL, LIGO strain, atomic clock jitter to constrain
(α, β).
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Cross-References to TFM Papers

• Paper #7: A. F. Malik, The Law of Gravity in TFM: Unifying Time Wave Compres-
sion, Space Quanta Merging, and the Critical Radius rc. Paper #7 in the TFM series
(2025).

• Paper #19: A. F. Malik, Entropy and the Scaffolding of Time: Decoherence, Cosmic
Webs, and the Woven Tapestry of Spacetime. Paper #19 in the TFM series (2027).
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8 Code and Data Availability

All code, simulations, and datasets are archived at: https://github.com/alifayyazmalik/
tfm-paper20-stochastic-time-fields. This includes:

• Ornstein-Uhlenbeck time-field solver (Section 2)

• Fractal cosmic web generator (Section 6.1)

• CMB non-Gaussianity analysis (Section 5)
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A Step-by-Step Fokker-Planck Derivation (Mathemat-

ical Rigor)

We start from the SDE
dT = −αT dt + β dW (t),

which is Eq. (1). Using Itô’s lemma for f(T ) = T , we identify the drift −αT and diffusion
β2/2. The Kolmogorov forward (Fokker-Planck) equation becomes:

∂P

∂t
= α

∂

∂T

[
T P

]
+
β2

2

∂2P

∂T 2
,

and solving ∂tP = 0 yields the Gaussian equilibrium in Eq. (3). Boundary conditions at
T = ±∞ ensure P → 0 at infinity.

Appendix B: Code Availability

The Python code used to generate Figures 1 and 2, along with toy entanglement examples,
is discussed in Section 8. Please see the repository’s README.md for execution instructions
and sample outputs.
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