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Discovery of new governing equations through the application of symbolic regres-
sion to solar-terrestrial physics data
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In solar-terrestrial physics, advancements in observational instrument performance, multi-point observations, high tempo-
ral resolution, and the large capacity of storage media have led to the continuous generation of vast amounts of data that
are challenging to process solely by human capabilities. Traditionally, researchers have analyzed observational data through
plotting and statistical processing to elucidate the properties of various electromagnetic phenomena occurring in space, identi-
fied the controlling parameters, and formulated the relationships between physical quantities. However, with the exponential
increase in data volume, it has become increasingly difficult to handle this information purely with human effort. In the
fields of information science and deep learning, a method called ”symbolic regression” has been developed to automatically
generate mathematical models from data without incorporating human biases, domain-specific knowledge, or pre-specifying
the functional forms. Specifically, approaches such as genetic algorithms, discovery of modularity through neural networks,
and combination of symbolic regression modules with inference modules have been proposed. However, there are very few
reports on the application of these cutting-edge symbolic regression techniques to actual large-scale observational data.

Therefore, we focused on the solar wind-magnetosphere coupling functions, which have been the subject of formulation
attempts in the field of solar-terrestrial science, and investigated how symbolic regression could re-evaluate these functions
and the equations that derive related physical quantities. Various methods of symbolic regression, such as Eureqa, PySR,
Al Descartes, and ©@-SO, have been proposed. For this study, we utilized AI Feynman, which has publicly available code
and relatively comprehensive documentation. When applied to test data generated from theoretical equations, the symbolic
regression method demonstrated excellent performance in estimating physical equations. When artificial noise with a normal
distribution was added to the test data, relatively good estimation results were obtained as long as the standard deviation of
the noise was less than a few percent of the standard deviation of the test data. Since most data in solar-terrestrial physics
contain some level of noise, symbolic regression could be an effective tool for advancing research when the noise is minimal.
In the presentation, we will show actual application examples and discuss the applicability of symbolic regression methods
to the field of solar-terrestrial physics.
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