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Abstract 

This study investigates neutrino oscillations within the framework of the Cosmic Energy Inversion 

Theory (CEIT-v2), a geometric-field theory proposing spacetime torsion as the source of dark matter 

and dark energy phenomena. We demonstrate that CEIT-v2 naturally incorporates neutrino mass 

generation through Yukawa couplings to a primordial energy field, providing a geometric alternative 

to the Higgs mechanism. The theory suggests that local perturbations in this energy field, induced by 

variations in matter density, could lead to environment-dependent modifications of neutrino 

oscillation parameters. While consistent with existing experimental results from Super-Kamiokande 

and IceCube, CEIT-v2 makes the falsifiable prediction of detectable variations in oscillation patterns 

for neutrinos traversing extreme gravitational environments such as near neutron stars or galactic 

cores. This work establishes the theoretical foundation for testing CEIT-v2 against precision neutrino 

data from upcoming experiments including DUNE and JUNO, potentially offering new insights into 

the relationship between particle physics and cosmological dynamics. 

Keywords: neutrino oscillations; dark matter; space-time torsion; pmns matrix; msw effect; yukawa 

coupling; mass generation; cosmic acceleration 

 

Introduction 

Neutrino oscillations stand as one of the most compelling pieces of evidence for physics beyond 

the Standard Model, explicitly demonstrating that neutrinos have mass and that their flavor 

eigenstates are quantum superpositions of their mass eigenstates. This phenomenon, while 

successfully parameterized within the framework of the Pontecorvo-Maki-Nakagawa-Sakata 

(PMNS) matrix, finds its origins shrouded in mystery. The Standard Model provides no fundamental 

explanation for the origin of the neutrino mass matrix, the smallness of the masses relative to other 

fermions, or the specific values of the mixing angles and CP-violating phase. These remain arbitrary 

parameters inserted into the theory, a clear indication of its incompleteness. The quest for a more 

profound theoretical framework that can naturally generate and explain these parameters has led to 

numerous extensions of the Standard Model, most notably the seesaw mechanism and various grand 

unified theories. While often successful phenomenologically, these models typically introduce new 

energy scales and particles that remain beyond direct experimental detection, presenting a challenge 

for verification. A truly fundamental theory should not only explain these parameters but also 

seamlessly integrate the mechanics of particle physics with the dynamics of the cosmos at large. The 

Cosmic Energy Inversion Theory version 2 (CEIT-v2) emerges as a radical and ambitious candidate 

for such a framework. It proposes a paradigm shift away from particle-based dark matter and a 

cosmological constant towards a geometric-field description of gravity. In CEIT-v2, the fabric of 

spacetime is dynamically interwoven with a primordial energy field, denoted by ℰ. The intrinsic 

torsion of spacetime, sourced by gradients in this field, replicates the effects of dark matter through 

geometric pressure and drives cosmic acceleration via field decay and energy injection from black 

holes. A cornerstone of this theory is the geometrization of mass generation. The Higgs mechanism 

is superseded by Yukawa couplings to the expectation value of the cosmic energy field, , suppressing 
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Planck-scale corrections and rendering the light neutrino masses technically natural. Consequently, 

the mass of any fermion is given by 𝑚𝑓 = 𝑦𝑓ℰ𝐻, where 𝑦𝑓 is a Yukawa coupling constant. This paper 

explores the profound implications of CEIT-v2 for neutrino physics. We posit that the neutrino mass 

matrix and the resulting PMNS mixing parameters are not static, arbitrary inputs but are dynamically 

influenced by the local energy density of the cosmos. The theory predicts that perturbations in the 

cosmic energy field, 𝛿ℰ(𝑥), sourced by matter and other energy densities, induce environment-

dependent modulations in the effective neutrino masses and mixing angles. This leads to a testable 

prediction: neutrino oscillation parameters could exhibit detectable variations in extreme 

gravitational environments, such as near neutron stars or the galactic center, where these energy field 

perturbations are significant. Herein, we develop the first comprehensive methodology for 

calculating neutrino oscillations within the CEIT-v2 framework. We derive the modified neutrino 

propagation Hamiltonian that incorporates both the standard Mikheyev-Smirnov-Wolfenstein 

(MSW) matter effect and the novel CEIT-v2 effect stemming from the spatially varying energy field. 

This work establishes the theoretical foundation for confronting CEIT-v2 with precision data from 

current and future neutrino oscillation experiments, such as DUNE, Hyper-Kamiokande, and JUNO, 

as well as observations of astrophysical neutrinos. Verification of this prediction would not only 

provide a fundamental explanation for neutrino oscillations but also serve as a direct empirical 

validation of the core tenets of the Cosmic Energy Inversion Theory. 

Methodology  

The investigation into neutrino oscillations within the framework of the Cosmic Energy 

Inversion Theory version 2 (CEIT-v2) necessitates a fundamental reformulation of particle mass 

generation and propagation in a dynamic energy-space geometry. This methodology section 

delineates the mathematical and conceptual underpinnings for deriving neutrino masses and their 

mixing parameters from the core tenets of CEIT-v2, moving beyond the phenomenological approach 

of the Standard Model. The cornerstone of CEIT-v2 is the postulation of a primordial cosmic energy 

field, denoted by ℰ, whose dynamics and inhomogeneities are governed by the Ehresmann-Cartan 

geometry with intrinsic torsion. This field is not a background entity but an active participant in the 

fabric of space-time, coupling directly to matter fields. The complete gravitational connection is given 

by: 

Equation (1) defines the full space-time connection in Ehresmann-Cartan geometry. The first 

term is the standard Levi-Civita connection of General Relativity. The second term, the contortion 

tensor 𝐾𝜇𝜈
𝛼 , encodes how gradients in the energy field ℰ generate space-time torsion 𝑇𝜇𝜈

𝛼 , which in 

turn sources geometric effects. Particle mass generation is geometrized within this framework. The 

Higgs mechanism is replaced by a Yukawa coupling between the fermionic fields and the expectation 

value of the cosmic energy field. The mass term for any fermion, including neutrinos, arises from the 

interaction Lagrangian: 

Γ𝜇𝜈
𝛼 = {

𝛼
𝜇𝜈} + 𝐾𝜇𝜈

𝛼 , where 𝐾𝜇𝜈
𝛼 =

1

2
(𝑇𝜇𝜈

𝛼 − 𝑇𝜇𝜈
𝛼 − 𝑇𝜈𝜇

𝛼 )  

Equation (2) shows the Yukawa interaction Lagrangian. The mass of a fermion is generated 

through its coupling constant 𝑦𝑓 to the cosmic energy field ℰ, replacing the role of the Higgs field. 

The vacuum expectation value (VEV) of the energy field, ⟨ℰ⟩0 = ℰ𝐻 = 246 GeV, sets the electroweak 

scale. Consequently, the mass of a fermion is given by: 

ℒmass = − ∑  

𝑓

 𝑦𝑓 ℰ 𝜓‾𝑓𝜓𝑓  

Equation (3) provides the resulting fermion mass 𝑚𝑓 . The mass is a product of its unique 

Yukawa coupling 𝑦𝑓 and the VEV of the energy field ℰ𝐻, which is a fundamental constant in this 

theory. 

𝑚𝑓 = 𝑦𝑓  ⟨ℰ⟩0 = 𝑦𝑓  ℰ𝐻  

For neutrinos, the mass matrix in the flavor basis is not diagonal. The Yukawa coupling term for 

the leptonic sector is. 
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Equation (4) describes the Yukawa couplings for the lepton sector. The complex Yukawa 

coupling matrices 𝑦ℓ and 𝑦𝜈 are the sources of flavor mixing, with 𝑖, 𝑗 as generation indices. 

 ℒYukawa

(leptons)
= −𝑦ℓ

𝑖𝑗
 ℰ 𝐿‾𝐿,𝑖ℓ𝑅,𝑗 − 𝑦𝜈

𝑖𝑗
 ℰ 𝐿‾𝐿,𝑖𝜈̃𝑅,𝑗 + h.c.  

After the energy field acquires its VEV, the neutrino mass term becomes: 

Equation (5) shows the neutrino mass Lagrangian. The complex neutrino mass matrix in the 

flavor basis is 𝑀𝜈 = 𝑦𝜈  ℰ𝐻. 

ℒmass
𝜈 = −

1

2
𝜈‾𝐿𝑀𝜈𝜈𝑅

𝐶 + h.c.  

The diagonalization of this mass matrix is achieved via a Pontecorvo-Maki-Nakagawa-Sakata 

(PMNS)-like unitary transformation. 

Equation (6) defines the diagonalization process. The unitary PMNS matrix 𝑈 relates the flavor 

eigenstates to the mass eigenstates with physical masses 𝑚1, 𝑚2, 𝑚3. 

 𝑈†𝑀𝜈𝑈∗ = 𝑚̂𝜈 = diag(𝑚1, 𝑚2, 𝑚3)  

The profound implication of CEIT-v2 lies in the dynamic nature of the energy field. Local 

perturbations 𝛿ℰ(𝑥), sourced by matter density, magnetic fields, and hydrodynamic turbulence, 

induce minute variations in the local value of ⟨ℰ⟩. 

Equation (7) introduces the concept of a spatially varying energy field. The local value of the 

field's expectation value deviates from its vacuum value ℰ𝐻 by a perturbation 𝛿ℰ(𝑥) that depends 

on the ambient energy-matter distribution. 

 ⟨ℰ(𝑥)⟩ = ℰ𝐻 + 𝛿ℰ(𝑥)  

This energy-field perturbation leads to an environment-dependent modulation of the neutrino 

mass matrix: 

Equation (8) shows the environment-dependent neutrino mass matrix. The mass matrix 𝑀𝜈(𝑥) 

acquires a dependence on position 𝑥 through the perturbation 𝛿ℰ(𝑥), where 𝑀𝜈
(0)

 is the vacuum 

mass matrix. 

𝑀𝜈(𝑥) = 𝑦𝜈  (ℰ𝐻 + 𝛿ℰ(𝑥)) = 𝑀𝜈
(0)

+ 𝑦𝜈  𝛿ℰ(𝑥)  

Consequently, the effective mixing angles and mass-squared differences governing neutrino 

oscillations become functions of the ambient energy density and geometry. 

Equation (9) describes the environmental modulation of oscillation parameters. The mass-

squared differences Δ𝑚𝑖𝑗
2  and the mixing matrix 𝑈 become functions of position, providing a clear, 

falsifiable prediction that differs from the Standard Model. 

Δ𝑚𝑖𝑗
2 (𝑥) ≈ Δ𝑚𝑖𝑗

2 |vac (1 +
2𝛿ℰ(𝑥)

ℰ𝐻

) , 𝑈(𝑥) ≈ 𝑈vac + 𝛿𝑈(𝛿ℰ(𝑥))  

To quantitatively test this prediction, we employ the evolution equation for the energy field 

coupled with the quantum neural network calibration framework within the ENZO-ModCEITv5 

simulator. The neutrino oscillation probabilities are then calculated by solving the effective 

Schrödinger equation for propagation in matter, modified with the spatially varying mass matrix 

𝑀𝜈(𝑥). 

Equation (10) is the modified neutrino oscillation Hamiltonian. The first term encapsulates the 

CEIT-v2-induced spatial variation of the mass matrix and mixing parameters. The second term is the 

standard Mikheyev-Smirnov-Wolfenstein (MSW) matter potential. This integrated approach allows 

for direct confrontation of CEIT-v2 with precision neutrino oscillation data. 

𝑖
𝑑

𝑑𝑡
[

𝜈𝑒

𝜈𝜇

𝜈𝜏

] = [𝑈(𝑥) ⋅
1

2𝐸
[

0 0 0
0 𝛥𝑚21

2 (𝑥) 0

0 0 𝛥𝑚31
2 (𝑥)

] 𝑈†(𝑥) + √2𝐺𝐹 [
𝑛𝑒 0 0
0 0 0
0 0 0

]] [

𝜈𝑒

𝜈𝜇

𝜈𝜏

]  
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Discussion and Conclusion 

The findings of this research demonstrate that the framework of the Cosmic Energy Inversion 

Theory (CEIT-v2) is not only compatible with the phenomenon of neutrino oscillations but also 

provides a deeper explanation for the origin of neutrino mass and mixing. Unlike the Standard 

Model, which treats neutrino oscillation parameters as unexplained inputs, this theory naturally 

derives these parameters from the interaction between the neutrino field and the primordial energy 

field ℰ. Our computational results indicate that the dependence of the energy field on local matter 

and energy density could lead to subtle yet potentially measurable variations in neutrino oscillation 

parameters in extremely high-density environments. This unique prediction distinguishes CEIT-v2 

from other extended models and makes it a falsifiable theory. Comparison of theoretical results with 

existing experimental data from neutrino oscillation experiments shows significant consistency 

between the theory's predictions and observations. Specifically, the calculated values for mass-

squared differences and mixing angles fall within the ranges measured by experiments such as Super-

Kamiokande, IceCube, and MINOS. However, the main innovation of this theory lies in its prediction 

of the environmental dependence of neutrino oscillation parameters. This effect is very small in 

ordinary laboratory environments but could produce observable effects in astrophysical 

environments with extremely high densities, such as around neutron stars, active galactic nuclei, or 

in the early universe. The primary limitation of this research is the dependence of results on the initial 

parameters of CEIT-v2, which have not yet been fully confirmed by independent experiments. 

Additionally, measuring the predicted environmental effects requires high precision in observing 

astrophysical neutrinos, which presents a significant challenge with current technology. In 

conclusion, CEIT-v2 opens new horizons in our understanding of the universe by providing a unified 

framework for describing cosmological phenomena and fundamental particles. Experimental 

confirmation of this theory's predictions would not only solve the mystery of neutrino oscillations 

but could also lead to a revolution in our understanding of the nature of space-time and gravity. 
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