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Study of north-south anisotropy of galactic cosmic-rays using the muon detector
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The north-south (NS) anisotropy in the galactic cosmic-ray (GCR) intensity within the 10 - 100 GeV energy range is
known to reverse its polarity in response to the interplanetary magnetic field (IMF) sector. This phenomenon represents the
diamagnetic drift of GCRs induced by their density gradient in the IMF. Based on this mechanism, we can estimate the den-
sity gradient and diffusion coefficient of GCRs, which are crucial for elucidating GCR propagation in the solar wind plasma.
However, the GCR anisotropy is as small as only 0.1% of the intensity, and the methods for its observation and analysis
are still in the developmental stage. We are developing a new analysis method for anisotropy that implements mathematical
approaches such as graph theory and Bayesian estimation, and demonstrating it by analyzing the NS anisotropy.

Muon detectors, which measure muons as the main component of cosmic rays on the ground, feature high sensitivity to
anisotropy but have suffered from perturbations by the atmospheric temperature variation. This research introduces a correc-
tion method using meteorological reanalysis data, allowing us to combine different-site observation data directly free from
local atmospheric effects.

To optimize the combination of directional channels in network observations for the NS anisotropy analysis, we introduce
the general graph matching of graph theory. Furthermore, while traditional methods supposed an analytical function such
as a power-law rigidity spectrum to derive space anisotropy from ground-based observations, this study employs Bayesian
estimation with the Gaussian process as a prior probability distribution. It allows for deriving the rigidity spectrum of the
anisotropy without assuming an analytical function. By applying these approaches to observation data over two solar cycles
by Nagoya and Hobart muon detectors, we reveal year-to-year variations in the GCR density gradient, diffusion coefficient,
and their rigidity dependencies.
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