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Abstract

High-energy field theory has well established the symmetry-breaking framework for
cosmic cooling processes, yet it lacks a dual description for low-energy heating and



coupling evolution, resulting in a systematic gap between fundamental interaction
theory and stellar models at keV scales. Classical protostellar models adopt only
gravity, electromagnetism and thermal equilibrium, neglecting the dynamical
activation and weight evolution of strong and weak interactions, which constitutes the
primary source of inherent systematic deviation.

Restricting modeling to low-energy phenomenology and excluding high-energy
gauge-field effects, this paper investigates low-mass protostars of 0.8\sim1.2\,M_\odot
in the Orion OMC-1 region. Combining JWST/ALMA observational data and
MESA-r15140 numerical simulations, we establish a four-stage quantitative
evolutionary system based on weak-field general relativity, energy-momentum tensor
formalism and low-energy quantum tunneling. By defining a differential criterion of
effective degrees of freedom, we quantitatively characterize the phenomenological
duality between cosmic cooling symmetry breaking and protostellar heating coupling.
Multi-stage fitting and residual analysis verify the global validity of the weak-field
approximation and confirm the linear relation R\propto T with explicit error bounds.
Temperature-dependent vacuum shielding functions are calibrated via observed
nuclear reaction rates. A low-energy Dirac correction is embedded into the Gamow
tunneling formula, restricting theoretical truncation error within 3.2%. A self-consistent
five-dimensional evolutionary chain covering energy scale, shielding degree,
four-force coupling weight, energy accumulation and spacetime curvature response is
constructed.

The results show that protostellar heating evolution satisfies rigorous
phenomenological duality with high-energy cosmic symmetry breaking within the
defined low-energy regime. Near the keV critical scale, macroscopic weights of strong
and weak interactions rise by orders of magnitude. Spacetime curvature correlates
strongly with mass-energy accumulation with R"2=0.982. The pp1 weak-interaction
branch dominates early evolutionary timescales. The combination of Dirac relativistic
correction and vacuum shielding correction reduces the systematic error from 7.02\%
to 3.18\%. Independent mechanism decomposition demonstrates distinguishable and
reproducible physical contributions from different modification modules.

This work establishes a complete low-energy phenomenological framework for
four-force dynamic coupling in astrophysical evolution, bridging the theoretical gap
between high-energy field theory and low-energy stellar phenomenology. It upgrades
traditional qualitative descriptions to a fully quantitative, falsifiable and repeatable
paradigm, remedies the deficiency of short-range-force activation mechanisms, and
improves the cross-scale theoretical system of fundamental interaction evolution,
providing new insights for quantitative low-energy astrophysical research.

Key words: low-energy phenomenological equivalent duality; protostar evolution;
four-force weight reconstruction; weak-field approximation; energy-momentum
tensor; spacetime curvature; Orion OMC-1
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