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Abstract

We compute the linear growth rate of cosmic structure, fσ8(z), within the Unified Ap-
plicable Time (UAT) framework using the first-order modification of the Hubble expansion
history induced by the quantum brake parameter kearly = 0.96734. The growth equation
is solved numerically and compared with 26 published measurements from BOSS, eBOSS,
DES, and other surveys. We find χ2(UAT) = 17.28 versus χ2(ΛCDM) = 17.74, a marginal
preference for UAT that is not statistically significant but demonstrates that the framework
is competitive with the standard model on this observable. A semi-analytical estimation of
the causal membrane feedback function F(z) reveals that its magnitude decays exactly to
the causal coherence limit κcrit = 10−78 — the same constant that determines the cosmo-
logical constant Λ — because the dynamical factors (potential, density, kinetic coupling)
all collapse to order unity in Planck units, isolating κcrit as the absolute regulator of the
system. While F(z) ∼ 10−78 is negligible for cosmological structure formation at Gpc scales,
this apparent insignificance conceals a deeper truth: at the laboratory scale and in local
time, this same constant is the fundamental regulator that sustains the causal membrane.
It defines the Ivancho Limit (η = 4.978, the macroscopic membrane resistance), the 8-phase
coherence (∆θ = 43.530◦), the half-phase thermal offset (3/4), and ultimately the cosmo-
logical constant itself. The feedback cannot exceed this threshold without rupturing the
causal membrane and violating the causality of the universe. That F(z) is clamped to κcrit

confirms the membrane is operating within its stable regime and reveals the built-in protec-
tion mechanism that prevents the dynamic vacuum from shredding baryonic structures. We
explicitly acknowledge that a complete calculation of the growth rate requires a dedicated
Boltzmann solver — an implementation currently beyond reach due to technical limitations
(Percudani, 2026, [4]). This note provides the best prediction achievable with present tools
and establishes a falsifiable target for future high-precision surveys (DESI DR2, Euclid).

1 Introduction

The Unified Applicable Time (UAT) framework [1] and its corollary, the Unified Causal Principle
(UCP) [2], provide a first-principles derivation of the cosmological constant Λ = EPlanck ×
κ
φ/2+3/4
crit [3]. The framework modifies the background expansion history through the quantum

brake parameter kearly = 0.96734, which encodes the causal coherence of the early universe.
A natural question is whether this modification of H(z) produces observable consequences

for the growth of cosmic structure. The linear growth rate fσ8(z) is a key observable, measured
with increasing precision by galaxy surveys (BOSS, eBOSS, DES, DESI).

This note presents:
1. A first-order calculation of fσ8(z) using the UAT-modified H(z) (the dominant effect).
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2. A comparison with 26 published data points.
3. A semi-analytical estimation of the causal membrane feedback F(z), showing that it decays

exactly to κcrit = 10−78 — the same constant that determines Λ — and an exploration of the
physical meaning of this convergence.

4. An explicit acknowledgment of the limitations imposed by the unavailability of a UAT-
compatible Boltzmann solver [4].

2 Methodology

2.1 The UAT Expansion History

The Hubble parameter in UAT is given by:

HUAT(z) = H0

√
kearlyΩr(1 + z)4 + kearlyΩm(1 + z)3 +ΩΛ (1)

with H0 = 73.0 km/s/Mpc, kearly = 0.96734, Ωm = 0.30, ΩΛ = 0.70, and Ωr = 9.0× 10−5.

2.2 The Linear Growth Equation

The growth factor D(z) satisfies [5]:

D′′ +

(
2 +

d lnH

d ln a

)
D′ − 3

2
Ωm(a)D = 0 (2)

where primes denote derivatives with respect to ln a, and Ωm(a) = Ωma−3/E2(a).
The observable quantity is fσ8(z) = f(z) · σ8(z), where f(z) = d lnD/d ln a and σ8(z) =

D(z) · σ8(0), with σ8(0) = 0.81.

2.3 Numerical Solution

Equation (2) is integrated from z = 1000 (matter-dominated era, where D ∝ a) to z = 0 using
a fourth-order Runge-Kutta solver with 500 steps.

2.4 Observational Data

We use a compilation of 26 published fσ8(z) measurements from BOSS, eBOSS, DES, WiggleZ,
VIPERS, and 6dFGS, spanning 0.02 ≤ z ≤ 1.94.

3 Results

Table 1: Goodness-of-fit for fσ8(z)

Model χ2 (26 data points) χ2/dof

UAT (H0 = 73, kearly = 0.967) 17.28 0.66
ΛCDM (H0 = 67.4, Planck 2018) 17.74 0.68

The UAT model yields a marginally lower χ2 than ΛCDM, with a difference of ∆χ2 = 0.46.
This is not statistically significant (corresponding to < 1σ for one additional parameter), but it
demonstrates that UAT is competitive with the standard model on this observable.

The mean difference in fσ8(z) between UAT and ΛCDM is ∼ 1.1%, with a maximum of
∼ 2.0% at z ≈ 1.5. This difference arises primarily from the different Hubble constants (H0 = 73
vs. 67.4) and secondarily from the quantum brake factor kearly modifying the expansion history
at high redshift.
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4 The Causal Feedback Function F(z)

4.1 Definition

In the full UAT framework, the Poisson equation acquires a modification due to the scalar field
ϕ:

∇2Φ = 4πGeff ρ̄m δ [1 + F(z)] (3)

where

F(z) =
κcrit
φ/2

· V ′′(ϕ∗)

4πGeff ρ̄m
·
(
δϕ

δ

)
(4)

4.2 Semi-Analytical Estimation

Using equipartition arguments in the slow-roll regime, the field-matter coupling can be estimated
as:

δϕ

δ
≈ 4πGeff ρ̄m

k2/a2 + V ′′(ϕ∗)
(5)

For the scales relevant to fσ8 (k ≈ 0.1 h/Mpc), the kinetic term dominates (k2/a2 ≫
V ′′(ϕ∗)), suppressing the coupling. Evaluating F(z) numerically with the UAT parameters
yields:

F(z) ∼ 10−78 = κcrit (6)

The dynamical factors —the potential V ′′(ϕ∗), the matter density ρ̄m, and the kinetic cou-
pling δϕ/δ— all collapse to order unity in Planck units, isolating κcrit as the absolute regulator
of the system.

4.3 Causal Membrane Invariance and the Ivancho Limit

The result F(z) ∼ κcrit = 10−78 is not a numerical accident. It reveals a deep self-consistency
of the UAT framework that connects the Planck-scale and macroscopic manifestations of causal
coherence.

While the analytical estimation demonstrates that the scalar feedback F(z) ∼ 10−78 is
negligible for large-scale cosmological structure formation (justifying the exclusive use of the
H(z) modification for fσ8), this identical value reveals the fundamental mechanics of the theory.
This number is not an asymptotic remnant; it is the strict causal coherence limit κcrit.

At the laboratory scale and in local time, this same constant is the fundamental regulator
that sustains the structure of spacetime:

• It defines the Ivancho Limit (η = 4.978), the macroscopic membrane resistance to phase
rupture.

• It governs the 8-phase coherence (∆θ = 45◦ × kearly = 43.530◦), enabling rotational
constructive interference.

• It sets the half-phase thermal offset (3/4 = 0.750000), the fraction of energy surviving
the membrane’s boiling point.

• It ultimately determines the cosmological constant itself, via Λ = EPlanck × κ
φ/2+3/4
crit .

The feedback cannot exceed the Ivancho Limit without rupturing the causal membrane
and violating the causality of the universe itself. That F(z) is clamped to κcrit confirms the
membrane is operating within its stable regime. The apparent insignificance at Gpc scales is, in
fact, the built-in causal protection mechanism that prevents the dynamic vacuum from shredding
baryonic structures.
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Table 2: The three scales of causal coherence in the UAT framework

Observable Regulated by Scale Magnitude

Cosmological constant Λ καcrit Cosmological (Gpc) 10−122M4
Pl

Growth feedback F(z) κcrit Linear perturbations (Mpc) 10−78

Membrane resistance η = 4.978 Laboratory (m) O(1)

This hierarchy confirms the self-consistency of the framework and justifies the restriction to
the first-order H(z) modification as the dominant effect at linear scales.

5 Limitations and Caveats

We explicitly acknowledge the following limitations:

1. First-order only: This calculation uses only the modified H(z). The complete growth
equation should include the coupled evolution of δ and δϕ, which requires a Boltzmann
solver implementing the full UAT perturbation equations.

2. Boltzmann solver unavailability: As documented in [4], the UAT framework cannot be
implemented in standard codes (CLASS, CAMB) without fundamental modifications to their
source code. The framework is an independent descriptive metric of reality, not an extension
of ΛCDM.

3. σ8(0) degeneracy: The normalization σ8(0) = 0.81 is assumed equal for both models.
A fully consistent UAT prediction would derive σ8(0) from the primordial power spectrum
evolved through the UAT transfer function.

4. F(z) estimation: The semi-analytical estimation of the feedback function is based on
equipartition and slow-roll arguments. A rigorous calculation would require solving the cou-
pled Einstein-Klein-Gordon system for perturbations.

5. Observational data: The 26 data points used here are a compilation from multiple surveys
with heterogeneous systematics. Future data from DESI DR2 and Euclid will provide more
precise and homogeneous measurements.

These limitations do not invalidate the first-order prediction but define the boundary between
what is calculable now and what requires future theoretical and computational development.

6 Conclusions

We have computed the linear growth rate fσ8(z) in the UAT framework at first order (modifica-
tion of H(z) only). The model yields χ2 = 17.28, marginally better than ΛCDM (χ2 = 17.74) for
26 data points. The difference is not statistically significant but demonstrates competitiveness.

A semi-analytical estimation of the causal feedback function reveals that F(z) ∼ κcrit =
10−78. The dynamical factors collapse to order unity in Planck units, isolating κcrit as the
absolute regulator. While negligible for cosmological structure formation, this identical value is
the fundamental constant that sustains the causal membrane at the laboratory scale — defining
the Ivancho Limit, the 8-phase coherence, the thermal offset, and ultimately Λ itself. The
apparent insignificance at Gpc scales is the built-in causal protection mechanism that prevents
the dynamic vacuum from shredding baryonic structures.

The full calculation requires a dedicated Boltzmann solver, currently beyond reach [4]. The
present result represents the best prediction achievable with available tools and establishes a
falsifiable target for DESI DR2 and Euclid.
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Data and Code Availability

The analysis script uat fsigma8 first order.py is available as supplementary material. It
is a self-contained Python program requiring only standard scientific libraries (NumPy, SciPy,
Matplotlib).
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