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Abstract

Most existing studies on fundamental interaction unification focus on high-energy field
theory and particle experiments, while systematic quantitative investigations of
four-force synergy in keV-scale low-energy astrophysical systems remain insufficient,
leading to a long-term separation between microscopic interaction mechanisms and
macroscopic stellar spacetime evolution. Strictly restricted to classical low-energy
phenomenological modeling and without involving high-energy gauge field symmetry
restoration, this paper investigates a 1 M_\odot protostar in the Orion OMC-1 region
based on traceable JWST/ALMA observational data and standardized MESA numerical
simulations.



We establish a novel differential topological criterion of force-coupling degrees of
freedom to quantitatively define low-energy dual evolution. The full weak-field
general-relativistic derivation clarifies the linear relationship between spacetime
curvature and energy-momentum tensor with rigorous applicable thresholds. A
vacuum-shielding-unlocking mechanism is proposed to physically interpret the
dramatic macroscopic enhancement of strong and weak interaction effective weights.
The Gamow tunneling formula is optimized for keV stellar plasma with quantified error
tolerance. Energy-momentum increment sources, pp-chain branching ratios, and
ignition timescales are quantitatively calibrated. A closed five-dimensional cross-scale
evolutionary framework covering energy scale, vacuum shielding degree, force
coupling weight, energy-momentum accumulation and spacetime curvature response
Is constructed.

The quantitative results demonstrate that protostar energy-ascending coupling
evolution and early-universe energy-decreasing symmetry breaking satisfy rigorous
differential dual topological conditions. In the keV critical regime, the macroscopic
effective weights of strong and weak interactions rise by orders of magnitude due to
partial vacuum shielding release. The weak-field spacetime curvature increment is
linearly dominated by mass-energy accumulation. The weak-force-dominated ppT
branch fully controls the early ignition timescale of low-mass protostars.

This work upgrades traditional qualitative analogy to a verifiable, falsifiable and
reproducible low-energy phenomenological paradigm, compensates for the long-term
absence of dynamic four-force reconstruction mechanisms in stellar physics, and
provides a new quantitative framework for studying low-energy unification of
fundamental interactions.

Key words: low-energy phenomenological topology; protostar evolution; four-force
coupling reconstruction; weak-field approximation; energy-momentum tensor;
spacetime curvature; Orion OMC-1
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\frac{dNHdE}>0 \tag{2}
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E\in [10™{-41\ \text{eV}\ 1.3\ \text{keV}] \tag{3}
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E=kT \quad 1\ \text{K}=8.61733\times 10™{-5)\ \text{eV} \tag{4}

MAOEEREEELE (NIST 2025) :

F_\text{s® }:F_\text{e8 # }:F_\text{8§ }:F_\text{5| 73 } \approx 10"{38}:10"{36}:10"{25}:1
\tag{5}
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g_{\mu\nu}=\eta_{\mu\nu}+h_{\mu\nu},\quad |h_{\mu\nu}\ll1 \tag{6}
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R_{\mu\nu}-\frac12 R g_{\mu\nu}+\Lambda g_{\mu\nu}=\frac{8\pi GHc"4}T_{\mu\nu}
\tag{7}
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R_{\mu\nu}-\frac12 R g_{\mu\nu}=\frac{8\pi GHc"4}T_{\mu\nu} \tag{8}
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R = -\frac{8\pi GHc"4N,T \tag{9}
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T=\rho c"2-3p \tag{10}
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\rho<10"4\ \mathrm{g/cm”3} \quad T<2\times10"7\ \mathrm{K} \tag{11}
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R\propto T \tag{12}
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T_{\mu\nu}=\left(\rho+\frac{pHc"2N\right)u_\mu u_\nu-p g_{\mu\nu} \tag{13}
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P\approx \exp\left[-\frac{2\pi Z_1Z_2e"2HX\hbar
vAsgrt{\frac{2mH\hbar*2\frac{1{\sqrt{E}\right] \tag{14}
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P \approx \exp\left(-\frac{CH\sgrt{Ex}\right) \tag{15}

£ E\in[0.86,1.3]\ \text{keV} X|a, ANXEHALHEITIRE:

\delta<3.2\% \tag{16}
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C=\frac{\alpha_\text{strong}+\alpha_\text{weak}H\alpha_\text{EM}+\alpha_\text{grav}}
\tag{17}
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C=0.08\pm0.02 \tag{18}
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