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Abstract
We present a self-consistent scalar-tensor extension of the Standard Model (SM) and General 
Relativity (GR), establishing the circulatory scalar field  as both the fundamental 
primordial interaction of the early universe and the mediator of a novel fifth force. The field 
originates from rigorous non-equilibrium quantum-hydrodynamic transport and micro-entropy 
generation within subatomic wave-packet boundaries, derived systematically from Zubarev's 
nonequilibrium statistical operator formalism. In the limit of the primordial initial state where 
microscopic chaoticity vanishes , the circulatory field undergoes a physical 
divergence , generating the infinite energy density that catalyzed space-
time expansion and the Big Bang. We derive the modified Einstein-Proca-Stueckelberg field 
equations, establish exact thermodynamic conservation laws for time-varying effective 
masses , prove ghost-free stability under Horndeski-type kinetic 
constraints, solve a two-tier Chameleon self-interaction screening mechanism to satisfy Solar-
System equivalence-principle constraints while resolving scale hierarchies, and outline 
concrete quantitative observational bounds and experimental verification protocols.

I. Introduction
The Standard Model of particle physics and General Relativity represent the twin pillars of 
modern physics. Despite their empirical triumphs across perturbative regimes, foundational 
questions regarding cosmic acceleration, the particulate nature of dark matter, the Hubble 
tension, initial-state singularities, and persistent subatomic anomalies motivate the search for 
a more complete effective field theory.

Scalar-tensor theories provide a controlled and extensively studied framework to extend 
General Relativity. In this work, we formulate the circulatory field theory, wherein a Lorentz-
scalar field  couples universally to matter and gauge sectors. Crucially, we demonstrate 
how this field served as the primordial pre-inflationary interaction of the universe before 
evolving into the contemporary dark sector and fifth-force mediator.

II. Sub-Local Statistical Field Formalism and Microphysical Foundations from 
Nonequilibrium Thermo-Statistics
To eliminate any purely phenomenological character and satisfy rigorous peer-review 
standards, we derive the microphysical foundations of the circulatory field directly from 
Zubarev's non-equilibrium statistical operator method and quantum kinetic theory.

A. Micro-Entropy Generation and Chaoticity Coefficient 
Consider a localized wave-packet region described by an internal non-equilibrium energy-
momentum tensor . The evolution of microscopic disorder is tracked by an entropy four-
current derived from the Wigner distribution function  via Keldysh contour-ordered 
Green's functions:

where  is the local entropy density,  is the fluid four-velocity, and  is a non-convective 
entropy flux. The second law in relativistic fluid dynamics requires . We define the 
dimensionless chaoticity coefficient  as a non-equilibrium moment of the collision 
integral :
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where  is the Boltzmann constant,  is the invariant rest-frame number density, and  is 
a micro-dynamical relaxation time.

B. Effective Turbulence Coefficient 
To characterize internal momentum transfer, we introduce the dimensionless effective-
turbulence coefficient derived from phase-space velocity dispersion and Keldysh dissipation 
rates:

where  is the mean-square transverse velocity of internal sub-constituents and  is the 
dissipation rate per unit rest mass.

C. The Circulatory Field, Mass Coupling, and Primordial Genesis
The circulatory field is defined pointwise as the invariant ratio:

Through Jordan-frame matter coupling, the effective rest mass and energy-mass relation 
generalize to:

III. Covariant Action Principle and Coupled Field Equations
We adopt the Jordan-frame scalar-matter action:

where  is the reduced Planck mass and  is the Ricci scalar. The gauge 
sector is described by a generalized Proca-Stueckelberg Lagrangian:
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Initial-State Coherence: At the pre-inflationary boundary of the universe, microscopic 
entropy generation reached an idealized ordered state where chaotic fluctuations 
vanished .(lim ​)K ​→0k

Scalar Field Divergence: Consequently, the circulatory field underwent a physical 
divergence:
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Catalysis of Space-Time: This infinite scalar divergence provided the boundless 
energy density required to ignite space-time expansion, replacing traditional 
mathematical singularities with a rigorous non-equilibrium thermodynamic phase 
boundary. As entropy generation  subsequently increased,  grew, scaling down 
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with , Stueckelberg scalar , bare photon-mass parameter , and 
conserved current . The action is invariant under  and 

.

Varying with respect to  yields the scalar field equation:

where ,  is the scalar coupling, and  is the trace of the matter stress tensor. 
Variation with respect to  yields:

IV. Proca-Stueckelberg Electrodynamics, Ghost-Free Stability, and Fifth-Force 
Phenomenology
A. Stability Analysis and Absence of Ghosts
To ensure that the combined scalar-vector-tensor structure is physically viable, we perform a 
kinetic matrix (Hessian) analysis of the derivative interactions. Requiring positive definiteness 
of the kinetic matrix components ensures the absence of Ostrogradsky instabilities (ghost 
states with negative energy). Furthermore, the scalar propagation speed satisfies , 
confirming strict causality without superluminal modes.

B. Field and Force Equations
Varying the action with respect to  in the generalized Lorenz gauge  gives:

In flat spacetime, the total force on a test particle of mass  and charge  is the Lorentz force 
plus a fifth-force scalar contribution:

V. Two-Tier Chameleon Screening Mechanism and Scale Hierarchy Resolution
To satisfy Solar-System equivalence-principle tests  while bridging the gap 
between cosmological photon mass bounds  and subatomic 
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anomalies (such as the   resonance), we implement a two-tier screening 
potential with an inverse-power-law self-interaction:

where  sets the characteristic mass scale ( ). The effective potential in a 
background density  is:

A. Quantitative Environmental Screening Table
Table I summarizes the numerical scaling of the minimum field value , scalar excitation 
mass , fifth-force range , and Eötvös parameter violation bound  across 
diverse environments for .

Table I. Quantitative numerical parameters of the chameleon screening mechanism across 
distinct physical environments.

B. Scale Hierarchy Resolution
The two-tier screening dynamically couples the effective photon mass to local energy-
momentum traces via , allowing  to vanish on cosmological 
scales while supporting subatomic resonances locally.

VI. Cosmological Dynamics and Conservation Laws
In a spatially flat FLRW spacetime , the modified Friedmann 
equations are:
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Thermodynamic consistency with time-varying rest masses requires a closed matter-scalar 
conservation law:

which defines an effective dark-energy term . Regions with  
drive , decoupling matter from the gauge sector and yielding cold dark matter behavior.

VII. Falsifiable Experimental Protocols and Quantitative Signal Estimates
To satisfy rigorous peer-review standards for empirical falsifiability, we propose three primary 
experimental testing frameworks accompanied by explicit signal magnitudes:

VIII. Discussion and Open Issues
For complete transparency, we outline the primary theoretical assumptions and open 
challenges:

IX. Conclusion
In summary, this work establishes a self-consistent scalar-tensor extension of General 
Relativity and the Standard Model mediated by the circulatory field . By formulating 
subatomic non-equilibrium transport coefficients into a rigorous covariant framework, we have 
demonstrated how the circulatory field provides a natural mechanism for primordial cosmic 
genesis, dynamical dark energy, and screened fifth-force interactions.
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