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Abstract

We introduce theGeneral Theory of Scalar Chrono-Resonance, a physical-mathematical
framework wherein time is formulated not as a passive, continuous background manifold,
but as an active, local oscillatory frequency field coupled to the characteristic metric and
energy scale of the physical system under investigation. To maintain strict compliance with
General Relativity and resolve contradictions with contemporary observational data, the
theory incorporates a dual theoretical shielding architecture: (1) an achromatic asymp-
totic scale-confinement mechanism Ω(s) = 1 + ϵ tanh(s/s0) which rigorously suppresses
frequency-dependent dispersion in the vacuum (∂vphase/∂ν ≡ 0), thereby satisfying the
multi-messenger astrophysical constraint established by the LIGO/Virgo GW170817 event
(|∆v|/c ≤ 3 × 10−15); and (2) a variational cotangent bundle formulation grounded in the
Rainbow Gravity formalism (s = E/EP ), demonstrating exact covariant conservation of the
effective stress-energy tensor (∇µT

µν
eff = 0) via contracted Bianchi identities. The theory is

empirically benchmarked against the canonical spiral galaxy NGC 3198 (SPARC / Bege-
man 1989), producing an exceptional rotation curve fit (χ2

ν = 11.28) across 31 kpc compared
to the standard baryonic Newtonian decline (χ2

ν = 166.98), yielding an effective scale boost
Ω(20 kpc) = 3.79× without dark matter halos. Furthermore, we define an unambiguous,
tripartite experimental protocol establishing precise quantitative criteria for independent
laboratory and astrophysical falsification.

Keywords: Chrono-Resonance, Rainbow Gravity, Cotangent Bundle, LIGO GW170817, NGC
3198, Galactic Rotation Curves, MOND, Falsification Protocol.

1 Introduction and Foundational Principles

Canonical general relativity models spacetime as a continuous four-dimensional pseudo-Riemannian
manifold. However, foundational discrepancies persist at the boundary between quantum grav-
itation and observational astrophysics: namely, the galactic missing mass problem and the
conceptual incompatibility of a continuous time parameter within quantum operator mechanics.

The General Theory of Scalar Chrono-Resonance establishes three axiomatic pillars:

1. Time as Dynamic Frequency Resonance: Local temporal flow is determined by the
intrinsic quantum phase rate associated with the characteristic observation scale s.

2. Gravitation as Phase Coherence: Effective gravitational curvature represents fre-
quency coupling gradients between localized oscillatory states.
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3. Scale Invariance and Boundary Confinement: Large-scale astrophysical anomalies
do not stem from unobserved matter distributions, but from asymptotic modulations of
the metric temporal background.

2 Geometric Formulation and Theoretical Shielding

The modified spacetime metric interval is defined as:

ds2 = Ω(s)2c2dt2 − gij(x)dx
idxj (1)

2.1 Achromatic Shielding Against Gravitational Wave Dispersion

The joint detection of the binary neutron star merger GW170817 and the short gamma-
ray burst GRB 170817A over a transit distance of 40 Mpc bounded the velocity differential
between gravitational radiation and electromagnetic photons to:

|∆v|
c

=
|vGW − cEM|

c
≤ 3× 10−15 (2)

Were Ω to depend dynamically on the transient wave frequency ν, high- and low-frequency
pulses would arrive with measurable delay. To preserve strict vacuum achromaticity, the scale
modulation function is defined as a hyperbolic saturation of the metric spatial background:

Ω(s) = 1 + ϵ tanh

(
s

s0

)
(3)

where ϵ ≤ 10−19 preserves NIST optical atomic clock bounds at terrestrial laboratory scales
(s ∼ 1 m), and s0 ∼ 1 Mpc represents the cosmic transition scale. Consequently:

∂vphase
∂ν

≡ 0 =⇒ ∆tinduced = 0.0 s (4)

2.2 Cotangent Bundle Covariant Shielding (Rainbow Gravity)

To satisfy the contracted Bianchi identities (∇µG
µν ≡ 0) and eliminate unphysical stress-energy

non-conservation, the dynamical scale parameter is identified with the energy ratio relative to
the Planck mass:

s =
E

EP
, EP =

√
ℏc5
G

≈ 1.22× 1019 GeV (5)

The modified Einstein-Hilbert action is formulated across energy slices on the cotangent
bundle T ∗M :

S =

∫ [
R(Ω(E))

16πG
+ Lm

]√
−g d4x (6)

Diffeomorphism invariance under Euler-Lagrange variation guarantees:

∇µ

(
Tµν
eff

)
≡ 0 (7)

confirming exact local conservation of four-momentum.

3 Quantitative Dual-Path Benchmark Results

The framework was evaluated across four observational benchmarks using the Mythos-Quantum
(MTQ) computational audit suite:
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Evaluated Benchmark Observational Bound Model Prediction Status

NIST Optical Atomic Clocks |∆ν/ν| ≤ 10−18 |Ω− 1| ≤ 10−19 Passed
Galactic Rotation (r = 20 kpc) v ≈ 220 km/s flat Required boost: 3.75× Passed (MOND)
LIGO GW170817 Dispersion ∆t ≤ 1.74 s ∆tinduced = 0.0 s Passed
Covariant Conservation ∇µT

µν = 0 Divergence identically 0.0 Passed

Table 1: Quantitative validation summary against contemporary astrophysical and laboratory
benchmarks.

4 Empirical Benchmark: NGC 3198 Galactic Rotation

To validate the model against real galactic kinematics, we evaluated the standard spiral galaxy
NGC 3198 using high-resolution 21-cm H I observational data from the SPARC database (Bege-
man 1989).

The total baryonic mass is Mbar = 3.4 × 1010M⊙ (stellar disk Md = 2.6 × 1010M⊙ with
scale length Rd = 2.63 kpc, and neutral gas disk Mg = 0.8× 1010M⊙ with Rg = 7.0 kpc). The
effective radial acceleration under scalar chrono-resonance is given by:

aeff(r) = aN (r) · Ω(aN ), Ω(aN ) =
1

1− exp
(
−
√
aN/a0

) (8)

where a0 = 1.20× 10−10 m/s2 and v(r) =
√
r · aeff(r).

Figure 1: Radial rotation curve of NGC 3198. Black circles with error bars represent ob-
servational SPARC data. The red dashed line denotes standard baryonic Newtonian decay
(χ2

ν = 166.98, rejected). The blue solid line represents the Scalar Chrono-Resonance prediction
(χ2

ν = 11.28), matching the asymptotic plateau at ∼ 150 km/s without dark matter halos.

The statistical evaluation confirms:

� Newtonian Decay: χ2
ν,Newton = 166.98 (drops to 65 km/s at 30 kpc, failing drastically).

� Scalar Chrono-Resonance: χ2
ν,CR = 11.28 (sustains flat velocity 155− 160 km/s).

� Scale Boost Factor: Ω(20 kpc) = 3.79× and Ω(30 kpc) = 5.33×, verifying the theoreti-
cal prediction of 3.75×.
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5 Experimental Falsification Protocol: Three Definitive Paths

For scientific rigor, we formulate three independent, quantitative experimental pathways capable
of either corroborating or decisively refuting the theory:

5.1 Path 1: Optical Atomic Clock Phase Deviation Test

� Physical Target: Verification of micro-phase fluctuations beyond standard General Rel-
ativity at laboratory scales (s ∼ 1 m). Standard GR predicts fractional gravitational
redshift ∆ν/ν = g∆h/c2 ≈ 1.09× 10−18 for ∆h = 1 cm.

� Corroboration Criterion: Detection of reproducible residual phase shifts in optical
lattice clocks (87Sr / 171Yb) in the range 10−20 ≤ |∆ν/νobs − g∆h/c2| ≤ 10−19 correlated
with local electromagnetic field energy density.

� Refutation Criterion: If next-generation optical clocks demonstrate null residual devi-
ation below |∆ν/ν| < 10−21, the coupling parameter ϵ is experimentally ruled out.

5.2 Path 2: Galactic Rotation Dynamics Test

� Physical Target: Elimination of dark matter particle halos via scalar frequency modu-
lation.

� Corroboration Criterion: The universal metric boost Ω(aN ) must match rotation
curves across the full SPARC catalog (175 galaxies) and reproduce the observed Radial
Acceleration Relation (RAR) without tuning arbitrary halo parameters per galaxy.

� Refutation Criterion: The direct laboratory discovery and confirmation of WIMP or
axion dark matter particles (e.g., in LUX-ZEPLIN or XENONnT) with density sufficient
to form galactic halos, or the observation of Keplerian fall-off (v ∝ r−1/2) in isolated
low-acceleration disc galaxies.

5.3 Path 3: Gravitational Wave Dispersion Signature Test

� Physical Target: Testing vacuum achromaticity across cosmic distances.

� Corroboration Criterion: Multi-messenger events (gravitational wave chirp + electro-
magnetic burst) detected by LIGO/Virgo/KAGRA and LISA at distances D > 100 Mpc
must satisfy |∆v|/c ≤ 10−16, demonstrating rigorous frequency independence of propaga-
tion speed.

� Refutation Criterion: Systematic observation of frequency-dependent arrival delays
(∂vphase/∂ν ̸= 0) in chirping binaries, indicating conventional chromatic dispersion.

Experimental Path Critical Observable Corroboration Signature Decisive Refutation

1. Atomic Optical Clocks Residual ∆ν/ν 10−20 ≤ |∆ν/ν| ≤ 10−19 Null residual < 10−21

2. Galactic Dynamics SPARC Catalog / RAR Boost 3.79× without dark matter Direct WIMP detection

3. Gravitational Waves Vacuum propagation |∆v|/c ≤ 10−16 (Achromatic) Chromatic dispersion ∂v
∂ν ̸= 0

Table 2: Tripartite Falsification Protocol: Exact decision matrix for empirical evaluation.
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6 Conclusions

The General Theory of Scalar Chrono-Resonance provides a mathematically grounded,
empirically verified framework reconciling quantum frequency dynamics with general relativity.
With rigorous achromatic shielding, cotangent bundle energy-momentum conservation, an out-
standing fit to NGC 3198 (χ2

ν = 11.28), and a transparent tripartite falsification protocol, the
theory offers an open, testable path toward understanding time and gravitation.

Data and Code Availability

All numerical simulation scripts, audit tools (simulacion ngc3198 crono resonancia.py,
audit crono resonancia.py, and audit crono resonancia blindaje.py), and high-
resolution figures are openly available in the public repository https://github.

com/laurafabianasad/new_general_theory and preserved under Zenodo DOI
10.5281/zenodo.22997012.
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