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Summary

The Sun is an external object that significantly impacts the earth's atmosphere and space weather
conditions. Flares and coronal mass ejections are large-scale solar atmospheric features that mainly
emerge at active regions above the sunspots and have influenced the earth. The sunspots,
considered signatures of solar activity, are fascinating features related to the internal dynamics and
activity of the Sun. The appearance of the sunspots in the photosphere shows the complexity of the
magnetic field on the Sun. The frequency and size of sunspots change over time which show
periods (e.g., eleven years periodicity) that may be a sign of the complex Sun. The time series of
the sunspot numbers have been recorded for several centuries, and this time series is significantly
changed over time. The complex network approach is a way to investigate the inherent property of
complex time series, such as the sunspots time series.

In this study, the growing complex network with the visibility condition is constructed using the
time series of the sunspots (time and numbers) for 1922 to 2016 collected by SILSO. We compute
the complex network parameters such degree of nodes, shortest path length, and clustering
coefficients. We examine the sunspot complex network's scale-free, small-world, and assortative
properties.

We show that the degree distribution of the complex network for the time series of the sunspots
obeys a power-law distribution function. We applied a method via maximum likelihood estimation
in the Bayesian framework to obtain the power indicated. Therefore, the degree exponent is
obtained larger than three, so the complex network for the time series of the sunspots is small-
world and scale-free. The power-low behavior is an essential characteristic of self-organized or
self-organized criticality systems. Limited productivity is a crucial property for these complex
systems. The small word behavior indicates that the large sunspot numbers in the time series are
clustered with several small values neighbors and linked with distinct large values in the time
series.

The small-world network represents a small characteristic path length with a high clustering
coefficient. The scale-free and small-word behavior for the network of the sunspots time series may
imply that the sunspots and sunspot groups forming via complex non-linear dynamics. Changing
the magnetic polarity of the sunspots during the solar cycle can be a characteristic of such complex
systems. The limited predictability in sunspots' time series, e.g., the intensity of activity within a
solar cycle, may also be another sign of the complex Sun.

The behavior of the degree of node distribution, clustering coefficient, and shortest path length
indicates that the time series of sunspots is a non-random system. We showed that the degree of
correlation is a function of the network size and can be considered as an assortative, dis-assortative,
or neutral network.
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