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Abstract

The ACDM dark matter model and MOND modified gravity theory are mainstream
frameworks for interpreting galactic dynamics, which have established mature
systems and achieved consistent results with astronomical observations within
their respective applicable scales. Meanwhile, there remain room for further
expansion in relevant research. The ACDM model requires multiple empirical
parameters to fit galactic rotation curves, while MOND theory performs better for
macroscopic galaxies and needs further optimization for microscopic particle
dynamics.

Based on the circular dual helical space-time geometry idea, this paper
constructs unified field formulas, locks the core expression of spiral gravitational
compensation function a(x)=0.75cos(x/3.1), determines fixed topological
constants 0.75, 3.1, 25800, fully demonstrates the objective existence of three
types of gravitational topological functions, and solves the global function value
rules. All topological coefficients are analytically solved by space-time symmetry
boundaries and astronomical observation boundaries without empirical fitting
constants. A dimensionless logarithmic scalar of baryonic mass with base 10 is
defined to divide micro and macro celestial systems, and unit step function is
adopted to realize smooth transition of dynamic mechanisms across scales. A
total of 50 groups of steady celestial samples including micro particles, planets,
stars, dwarf galaxies, spiral galaxies and galaxy clusters are selected for numerical
verification. The average calculation error of micro samples is 0.85%, the average
error of macro samples is 1.22%, and the overall average error of all samples
reaches 1.00%. The model can distinguish inherent steady-state calculation
errors from observation deviations caused by external disturbances such as tides,
galaxy mergers and starbursts, without additional correction terms.

This work constructs a unified field description framework covering both
microscopic quantum coupled gravity and macroscopic galactic equivalent
gravity, clarifies the fixed values of spiral gravitational functions and inherent
constant values, providing a novel topological research route for parameter-free
modified gravity and geometric equivalence of dark matter, and expanding the
research approaches of existing gravitational theories.

Keywords: unified field formula; dual helix; value of spiral gravitational function;
fixed topological constant; galaxy rotation curve; cross-scale unification;
geometric equivalence of dark matter
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