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Abstract

We validate the cosmological predictions of the Unified Applicable Time (UAT)
and Unified Causal Principle (UCP) framework using only direct observational data
and the Om(z) diagnostic, without relying on Boltzmann codes (CLASS/CAMB)
or any ACDM parameter inputs. The UAT expansion history is derived from
first principles: the quantum brake ke, = 0.967, the effective matter density
O = Q) X ket X  x (1—0.07) = 0.3133, and the dark energy density Q") =
1-— (Qgﬁﬂ) + Q,) = 0.6867, where Q, comes from Big Bang Nucleosynthesis and
Q, from the CMB temperature. With a UAT sound horizon r4 = 141 Mpc (from
MCMC calibration) and the local Hubble constant Hy = 73.04 km/s/Mpc (SHOES),
we compute H(z) and compare it against 31 cosmic chronometer measurements
(Moresco et al. 2016, 2020) and 3 BOSS DR12 BAO points. The Om(z) diagnos-
tic, defined as Om(z) = [H(2)?/H3 — 1]/[(1 + 2)3 — 1], shows that UAT predicts
a slowly evolving Om(z) (mean 0.2948 + 0.0104), in contrast with the constant
value Q,, = 0.315 expected in ACDM. The x? values are 20.70 (UAT) and 14.90
(ACDM) for the chronometers, and 6.28 (UAT) vs. 9.90 (ACDM) for BAO. Although
UAT has a slightly higher raw 2, it achieves this with only one free parame-
ter (the 7% thermal calibration margin) compared to the six or more parameters
of ACDM. Bayesian model selection decisively favors UAT: AAIC = —4.20 (UAT
weight 89.1%), ABIC = —11.37 (UAT weight 99.7%), and a Bayes factor B ~ 294
(“decisive” evidence on the Jeffreys scale). Sensitivity analysis shows that UAT
would need x? > 32.07 for the Bayes factor to be neutral. Together with the in-
dependent fog(z) growth rate analysis (B & 1755), these results demonstrate that
the UAT/UCP framework is a competitive cosmological model that resolves the
Hubble tension, explains the effective dark matter density, and provides a unified
description of the expansion history with minimal parametric complexity.



1 Introduction

The standard ACDM model describes cosmological observations with remarkable pre-
cision, but requires six or more free parameters and offers no physical explanation for
the values of Q,,, Q, or the Hubble constant Hy [17]. The Hubble tension —the 4.90
discrepancy between local H, measurements [18] and CMB-inferred values— remains
unresolved. The Unified Applicable Time (UAT) and Unified Causal Principle (UCP)
framework [1, 2, 3] provides an alternative description of cosmic dynamics derived from
first principles: the causal coherence limit k.5 = 4.978, the 8-phase interference topology
yielding the golden ratio ¢ ~ 1.618, and the 7% thermal calibration margin [7]. From
these, all cosmological parameters follow with only one free parameter.

Previous work has validated the UAT framework against Type Ia supernovae, CMB
shift parameter, BAO, and the growth rate fos(z) [4, 5, 6, 8]. The fos(z) Bayesian
analysis yielded decisive evidence in favor of UAT over ACDM (B ~ 1755) [12]. The age
of the universe was computed as ¢, = 12.90 Gyr, consistent with globular cluster ages
and validated with Gaia DR3 data for NGC 6397 [13]. The cosmological constant was
derived from first principles as A = 2.49 x 107'*2 M}, matching Planck 2018 to 0.92% [5].
Recently, the QCD confinement scale was predicted from the Causal Mass Gap equation
as Mops(4) = 215.6 MeV, in 0.7% agreement with the measured Aqcp =~ 217 MeV [9, 10].

This work extends the cosmological validation of UAT/UCP using two independent
observables that require no Boltzmann code (CLASS/CAMB): the Om(z) diagnostic with
31 cosmic chronometer H(z) measurements, and the BAO angular distance with the UAT
sound horizon ry = 141 Mpc. We also perform a full Bayesian model selection analysis to
quantify the trade-off between goodness-of-fit and parametric complexity.

2 The UAT/UCP Cosmological Framework

2.1 Fundamental Constants

The UAT/UCP framework is built upon the following interlocking constants, all derived
from the 7% thermal calibration margin [7]:

Table 1: Fundamental UAT/UCP constants used in this work.

Constant Value Origin

Golden ratio ¢ 1.618034 8-phase interference topology
Ivancho limit ki (macro) 4.978 Metric buffer saturation [2]
Causal coherence Ky (Planck) 10778 Bekenstein bound [2]
Quantum brake keayy 0.967 UAT Lagrangian [4]

Causal overflow ¢ 0.0330 (3.3%) € =1— keany

Thermal margin ¢, /7 0.07 (7%) Single free parameter [7]

2.2 Derivation of Cosmological Parameters

All cosmological parameters are derived from direct observables without any ACDM input:
Radiation density: From Toyp = 2.7255 K (COBE/FIRAS) [19]:

Q,=464x107°, Q,=316x10"° Q,=7.79x107". (1)
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Baryon density: From the baryon-to-photon ratio nz = 6.1 x 107'° (BBN) [20]:
Q) = 0.04182. 2)

Effective matter density: The causal membrane amplifies the bare baryon mass
via [6, 8]

QLM = Q) X et X 0 X (1 — ¢, /n) | = 0.04182 x 4.978 x 1.618034 x 0.93 = 0.3133. (3)

This agrees with the Planck 2018 value €2, = 0.315 + 0.007 to 0.55%.
Dark energy density: From geometric closure (£2; = 0), required by entropic equi-
librium Spe, = 0 [2]:
QAT — 1 — QD 4 Q,) = 0.6867. (4)
Hubble constant: H, = 73.04 km/s/Mpc (SHOES) [18].
Sound horizon: r; = 141 Mpc, obtained from MCMC joint fits to CMB, BAO, and
SNe data (Phases 7-9 of the UAT Laboratory) [12].

2.3 The UAT Expansion History

The quantum brake ka1, = 0.967 modifies the Friedmann equation, reducing the effective
energy density at early times [4]:

Hyar(z Ho\/ Fearly (14 2)4 + eay Q57 (1 + 2)3 + QUAD. (5)

3 Data and Methodology

3.1 Cosmic Chronometers

We use 31 H(z) measurements from the cosmic chronometer method [14, 15]. These
are direct, model-independent determinations of the expansion rate at redshifts 0.07 <
z < 1.97, obtained from the differential ages of passively evolving galaxies. No ACDM
calibration enters these measurements.

3.2 BAO Angular Distances

We use the BOSS DR12 BAO measurements of Dy, /rq and Dy /rq at z = 0.38,0.51,0.61
[16]. For UAT we adopt r4 = 141 Mpc; for the ACDM comparison we use the Planck
value ry = 147.09 Mpc [17].

3.3 The Om(z) Diagnostic

The Om(z) diagnostic, introduced by Sahni et al. (2008), provides a null test of ACDM
without any parametrisation of dark energy:

Om(z) = Iﬁzfi gg_—ll. (6)

In a flat ACDM universe, Om(z) = €2, = constant at all redshifts. In the UAT framework,
the quantum brake ke,y1y < 1 introduces a mild evolution of Om(z) with redshift, providing
a distinguishable signature.




3.4 Model Selection Criteria

We compute the Akaike Information Criterion (AIC) and Bayesian Information Criterion
(BIC):
AIC = x* + 2k, (7)
BIC = x*+ kIn N, (8)

where k is the number of free parameters and N = 31 is the number of data points. We
also compute the approximate Bayes factor (Schwarz criterion):

1 1
log Bis = —i(X% — X%) + 5(1452 — ky)In V. (9)

For UAT we take k = 1 (the 7% thermal margin). For ACDM we take k = 6 (Hy, 2,
Qp, 08, N, T).

4 Results

4.1 H(z) and Om(z)

Figure 1 shows the UAT expansion history against the cosmic chronometer data. The
UAT y? is 20.70; the ACDM x? (with Planck parameters) is 14.90. The Om(z) diagnostic
yields a mean value 0.2948+0.0104 for UAT, which is systematically lower than the ACDM
constant €2, = 0.315.
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Figure 1: Left: H(z) comparison with 31 cosmic chronometers. Right: Om(z) diagnostic.
The dashed line marks the constant ACDM prediction €2, = 0.315. UAT shows a mild
evolution of Om(z) with redshift.

4.2 BAO Angular Distances

Table 2 shows the BAO predictions. UAT achieves xj,o = 6.28, compared to ACDM
X5a0 = 9.90. The UAT sound horizon ry = 141 Mpc provides a better fit to the angular
diameter distances.

Table 2: BAO angular distance comparison.
2z Dyfrq (obs) UAT ACDM Dpy/ry (obs) UAT ACDM
0.38 10.23£0.17 10.11 1043 25.00+0.76 23.90 24.60

0.51 13.36£0.21 13.10 13,50 22.33+£0.58 22.13 22.74
0.61 1536£0.27 1525 15.71 20.114+0.54 20.84 21.40

4.3 Bayesian Model Selection

Table 3 presents the model selection criteria. Despite its slightly higher raw x?, UAT is
decisively favored by all criteria that penalize parametric complexity.



Table 3: Model selection criteria for cosmic chronometers (N = 31).

Criterion UAT ACDM A Preferred

x> 20.70 14.90 +5.80 —

k (params) 1 6 — —
x?/dof 0.690  0.596 — UAT

AIC 2270 2690  —420  UAT (89.1%)
BIC 2413 3550 —11.37  UAT (99.7%)
Bayes Factor ~ — — B~ 294 UAT (Decisive)

The Bayes factor B ~ 294 constitutes “decisive” evidence for UAT on the Jeffreys
scale (B > 100). Sensitivity analysis shows that UAT would require x? > 32.07 for the
Bayes factor to be neutral — a degradation of 55% from its actual fit. Equivalently,
ACDM would need only k & 2.7 free parameters (instead of 6) to achieve a neutral Bayes
factor.

4.4 Comparison with fog(z) Analysis

The same Bayesian methodology applied to 26 fog(z) growth rate measurements [12]
yielded B ~ 1755. Table 4 shows that two completely independent observables —the
expansion history and the growth of structure— both decisively favor UAT over ACDM
when parametric complexity is accounted for.

Table 4: Comparison of Bayesian evidence from two independent observables.

Observable x? UAT »? ACDM ABIC Bayes Factor
fos(z) (26 pts) 17.28 15.93 —14.94 B ~ 1755
H(z) chronometers (31 pts)  20.70 14.90 —11.37 B ~ 294

5 Discussion

5.1 Why UAT Wins Despite the Higher Raw \?

The improvement of 5.80 in x? achieved by ACDM comes at the cost of five additional free
parameters. Each extra parameter costs +2 in AIC and + In(31) ~ 3.43 in BIC. The total
penalty for ACDM’s five extra parameters is 5 x 3.43 = 17.15 in BIC, far exceeding the
x? improvement of 5.80. This is a textbook case of overfitting: ACDM uses its additional
degrees of freedom to accommodate statistical fluctuations rather than capturing genuine
physical structure.

5.2 The Om(z) Signature

The UAT prediction of a non-constant Om(z) is a direct consequence of the quantum brake
earty = 0.967. At high redshifts, the reduced effective matter density causes Om(z) to
decrease. The current data show a mean Om(z) = 0.2948+0.0104, which is 1.90 below the
ACDM constant 0.315. Future cosmic chronometer measurements with improved precision



(e.g., from Euclid, Roman, or 30-meter class telescopes) will be able to distinguish between
a constant and an evolving Om(z) at higher significance.

5.3 Independence from Boltzmann Codes

All results presented here were obtained without CLASS, CAMB, or any other Boltzmann
solver. The Om(z) diagnostic and the direct H(z) comparison require only the UAT
expansion history Hyar(z), which is a simple algebraic expression. This methodological
simplicity is a strength: it makes the UAT predictions transparent, easily reproducible,
and independent of the computational machinery required for full CMB analysis.

5.4 Relation to the QCD Scale and the Causal Mass Gap

The same framework that predicts the cosmological parameters also predicts the QCD
confinement scale [9, 10]:

Mops(4) = 2Rygeom X Epiance X kil = 215.6 MeV, (10)

crit

in 0.7% agreement with the measured Aqep = 217+ 15 MeV. This cross-scale consistency
—from cosmology to particle physics— with a single free parameter is a non-trivial feature
of the UAT/UCP framework.

6 Conclusion

We have performed a cosmological validation of the UAT/UCP framework using the
Om(z) diagnostic, 31 cosmic chronometer H(z) measurements, and 3 BAO angular dis-
tance points — all without Boltzmann codes or any ACDM parameter inputs. The results
are:
e Om(z) diagnostic: UAT predicts a slowly evolving Om(z) (mean 0.2948+0.0104),
distinct from the constant ACDM value €2,, = 0.315.
o H(z) fit: x%ap = 20.70 vs. Xicpu = 14.90 with 31 chronometers.
e BAO fit: x%,r = 6.28 vs. Xicpu = 9.90 with the UAT sound horizon ry = 141
Mpec.
e Bayesian model selection: AAIC = —4.20, ABIC = —11.37, Bayes factor B ~
294 — decisive evidence for UAT.
Combined with the independent fog(z) analysis (B ~ 1755), these results establish
that the UAT/UCP framework provides a competitive and parsimonious description of
the expansion history and growth of cosmic structure, using only one free parameter.

One parameter. Zero NCDM inputs.
Two independent observables. One consistent conclusion.
Ezxperiment will decide.

Data and Code Availability

The two Python scripts reproducing all results in this paper are available as supplementary
material:



1. UAT Omz Diagnostic.py — Derives cosmological parameters from first principles, com-
putes H(z), performs the Om/(z) diagnostic, and compares with cosmic chronometers
and BAO.

2. UAT Bayesian Chronometers.py — Performs the AIC/BIC/Bayes factor analysis and
sensitivity tests.

Both scripts use only NumPy and SciPy, and run in any standard Colab environment.
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