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Research Question: Do fundamental natural constants change over cosmic time? |f so, what observational consequences
does this have for the existing cosmological models?

Theoretical Innovation Methodology

Generalized FLRW Metric: Research Workflow:

Introduction: The Crisis in Modern Cosmology

» The ACDM model faces significant challenges, most notably

: . 2
the Hu.bble Tension: a 5o discrepancy between early and ds? — af(r)czdt2 B ag(t) L kdr — | rzdﬂz} 1. Theory: Develop model from modified FLRW metric
late universe measurements of — k(r/dn) 2. Equations: Derive modified Friedmann equations
» Early Universe (Planck CMB): 67.4 0.5 k M - . . : -
> LateyUniverse ((SHOES)' 73 04) 1104 km/s/rI?/I/sc/ - » a,(t): Standard spatial scale factor (cosmic expansion) 3. Simulation: Implément in Python/Mathematica
» e . " » a;(r): Temporal scale factor introducing Spatial Time-Flow 4. Data: Compare with Planck, SHOES, quasar spectra
> Aidltlonal alnomalles. Lithium problem, a-dipole, planetary Anisotropy 5. Validation: Statistical analysis (2, likelihood)
It ' - - ]
> (éro:realr:osjtllelsesis' Fundamental constants (a, G, ¢) m » Key departure: Cosmic time flow depends on spatial position 6. Predictions: Generate testable forecasts
o ove)i cosmic ti-me 2l G - y » Provides geometric mechanism for apparent variation of Modified Friedmann Equation:
constants 3\ ° 87 G(t) |
The Hubble Tension Fundamental Constants as Dynamical Fields: (a_s> - 3c(t)? p+ (terms from varying constants)
Source Hy (km/s/Mpc) » Treat o, G, ¢, i as dynamical fields Parameterization of Variation:
Planck CMB (Early Universe) 67.4 + 0.5 » G =G(t,r), c=c(t,r), a =aft,r), h=~h(t,r) T . - a(t) Fe i ;
: 1 > : G(t) = t trai
SHOES (Late Universe) ol a LU Invariant Planck Scale Hypothesis: emporal: G(t) ¥ (as(to)) (F6 to be constrained)
Dif-fer-ence:- 5’(_5 .km/s/Mpc {p — Gh — constant » Spatial: G(r) = Gy (1 4 VGdL> (v¢ to be constrained)
Statistical Significance: > 50 c3 o o H
(Probability Of random chance: < 1in 3.5 miIIion) I_eads to coupling equation; > Slmllar parameterlzatlons fOI’ Oé(t’ I’) and C(t’ I’)
» Early Universe measurements (CMB, ACT, DES, AGG | Ahh 3AC —0 Expected Results & Predictions
WMAP9) prefer lower H 5 —
> Late U ).p ) ts (SHOES. HOLICOW c Constants cannot vary independently—they must vary in a Prediction ACDM  Our Model
hiZheer /_;nverse measurements ( | | ) prefer coordinated manner. Ho (km/s/l>/|pc) Discrepancy | Consistent
0 Primordial ‘Li Overpredicted| Resolved
» This > 5_0 discrepancy cannot be explained by known a-dipole Anomaly Explainec
systematics Modified CMB spectrum — Predictec
Spatial variation in constants — Predictec




