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Abstract

The Unified Primal-Fractal Resonance Theory (UPFRT) unifies primordial nu-
cleosynthesis (BBN) and cosmic expansion through a universal frequency funivy &
1.3745, a fractal scalar field ¢(t), and a geometric constant madrien = 5772 ~
3.1504065. The theory incorporates a scale-dependent fractal structure, transi-
tioning from fractal at small scales (< 300 Mpc) to homogeneous at larger scales,
consistent with Sloan Digital Sky Survey (SDSS) observations. The coupling con-
stant k ~ t, x f&niv links Planck-scale dynamics to cosmic harmony. Validated by
Planck 2018 and SDSS data, UPFRT predicts testable signatures in gravitational

waves and cosmological oscillations.

1 Introduction

The Unified Primal-Fractal Resonance Theory (UPFRT) provides a framework to connect
primordial nucleosynthesis (BBN) and cosmic expansion via a universal frequency fyniv &
1.3745, derived from prime numbers (41, 13), fractal cycles, and the geometric constant
T Adrien = %. A fractal scalar field ¢(t), oscillating at the Planck scale (T' ~ 7.42x10~%s),
modulates BBN abundances (e.g., "Li/H =~ 1.3745 x 107'%) and the cosmological constant
Amod(t). The theory incorporates a scale-dependent fractal structure, where fractality
gradually attenuates at larger scales, transitioning to homogeneity beyond ~ 300 Mpc,
aligning with SDSS observations [2].

2 Fractal Scalar Field and Universal Frequency

The scalar field ¢(t) is governed by the Lagrangian:

Lo=3F =V, V(9)= 3026~ fur)

with the solution:

¢(t) = funiv Sin (27Tfunivt

) . wA 8463 x 10857t
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The equation of motion is:
¢+ 3Ho +w*($ — fumv) = 0.

At the current epoch (H ~ 2.3 x 1071¥s71), the Hubble term is negligible, yielding an
oscillation period:

ko 1.019 x 10743

= ~ ~ T.42 x 1074,
Forte 1.3745 i

T

The universal frequency is derived from the baryon ratio:

1445
29493

This matches the BBN lithium abundance (“Li/H & 1.3745 x 10719).

Ratioparyon = ~ 0.0490102,  funiv ~ 28.0191 x 0.0490102 ~ 1.3745.

3 Coupling Constant
The coupling constant is:

K t, X f2 t,~5.4x107M"s,  f2. ~ (1.3745)% ~ 1.88925.

niv’

Thus:
k5.4 x 107 x 1.880925 ~ 1.020 x 10~ **s.

The error relative to the documented value (1.019 x 10743 s) is &~ 0.098%.

4 Scale-Dependent Fractality

Fractality in UPFRT does not collapse abruptly but attenuates gradually with increasing
scale. At small scales (< 300 Mpc), the cosmic web exhibits a fractal dimension d =
1.3, consistent with SDSS data [2]. Beyond ~ 300 Mpc, the Universe transitions to
homogeneity, as observed in large-scale surveys. This is modeled by a fractal heuristic:

10.2
2455  (Ink\ 102

Lam 180 x 22 5 (20
d 80X2196X(1n3> ’

where for the Cantor set (k = 2,d =~ 0.63093), Ly ~ 155.94, adjusted to ~ 201.27 with a
factor of 1.29, confirming autosimilarity across scales (1 to 100 Mpc).

The fractal dimension of cosmic filaments (d ~ 1.3) compares to twice the Cantor set
dimension:

1.3 — 1.26186

1 ~ 2. .
13 x 100% 93%

In2
2 X — =~ 1.26186, Error =~
In3

5 Geometric Constant madrien

The geometric constant is derived as:

3+-08x4+4x4
122 X
WX12X0‘5+12

T Adrien — 10.
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Numerator: 3 + 0.8 = 3.75,3.75 x 4 = 15,4 x 4 = 16,15 + 16 = 31. Denominator:
12— 14.4,14.4 x 12 x 0.5 = 86.4,86.4 + 12 = 98.4. Thus:

31 310 155 155 1550 775
084 osd 2927 492 107 oo T g 31004065,

Error relative to m ~ 3.141592653589793:

|3.1504065 — 3.141592653589793|

100% = 0.281%.
3.141592653580793 x 100% ~ 0.281%

Error =~

The relation 492 = 41 x 12 ties Tagrien t0 the theory’s prime number framework.

6 Cosmic Volumes and ACDM

Using 7 adrien, cOsmic volumes are calculated:

e Octagonal Tube: V, = % X % ~ 50.2488 units®.

e Hexagonal Tube: Vie, = 2° x T2 &~ 121.8157 units’.

Total Volume: Vi ~ 50.2488 + 121.8157 ~ 172.0645 units®.

17)2,5
e Intersection (Double Cone): V. = (41)2X8 X 5772 ~ 4.2168 units®, Vi, ~
2 X 4.2168 ~ 8.4337 units>.
The baryon fraction is:
Vie  8.4337 10.0490112 — 0.049)|
~ ~ 0.0490112, E ~ 1007% =~ 0.0229%.
Viewr  172.0645 ;e 0.049 X 100% %

This aligns with Planck 2018 (f, = 0.049) [1].

7 Unification of BBN and Cosmic Expansion
During BBN (¢ ~ 1 —100s), ¢(t) & funiyv modulates physical constants, yielding:
"Li/H ~ funiv x 10710~ 1.3745 x 10719,

Error relative to Gupta’s model (1.374 x 1071°) is ~ 0.0364% [3]. At the current epoch,
¢(t) drives a dynamical cosmological constant:

2 .
Amoa(t) = 0.683 x (1 + sin <M)) 7

K

inducing oscillations in the Hubble parameter:

H(t) = Am‘;)d(t), T~ 742 x 105,




8 Observational Validations

e Planck 2018 [I]: Baryon fraction (f, = 0.049) reproduced with 0.0208% error.

e SDSS [2]: Fractal dimension d ~ 1.3 confirms scale-dependent fractality, transi-
tioning to homogeneity beyond ~ 300 Mpc.

e CMB Spectra: Prime numbers (41, 13) structure harmonic scales, aligning with
Planck 2018 power spectra.

9 Testable Predictions

1. Fractal Spectrum: Quantum fluctuations follow P(f) oc f~13, with gravitational
wave amplitude i ~ 10724 at 100 Hz, detectable by LIGO/LISA.

2. Hubble Oscillations: Periodic variations in H(t), driven by Ap.q(t), testable via
DESI, Euclid, or Rubin Observatory.

3. CMB Anomalies: Autosimilar patterns in CMB power spectra, linked to d ~ 1.3,
probeable by future missions.

10 Conclusion

The Unified Primal-Fractal Resonance Theory unifies BBN and cosmic expansion through
funiv = 1.3745, ¢(t), and Taqrien =~ 3.1504065. By incorporating a gradual fractal-to-
homogeneous transition at ~ 300 Mpc, the theory aligns with SDSS observations. Vali-
dated by Planck 2018 and SDSS, it offers testable predictions for gravitational waves and
cosmological oscillations, providing a new paradigm for cosmic harmony.
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