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ABSTRACT

A classical Be star is a massive B-type main-sequence star characterized by a geometrically thin,
equatorial, gaseous decretion disk orbiting the central star. Emission lines in Be star spectra offer
important diagnostics for understanding the geometry, kinematics, and evolution of the circumsteliar
disk. Despite extensive studies, the mechanism driving disk formation—the “Be phenomenon” —
remains poorly understood. Frequent binarity, often involving compact companions, further
complicates disk evolution, particularly in Be/X-ray binary (BeXRB) systems. This study
investigates a large sample of Be stars through long-term optical spectroscopic monitoring combined
with multi-wavelength and statistical analyses. Two complementary case studies were conducted on
MAXI J0709-159 and HD 249179, For MAXI J0709-159, multi-wavelength observations following
its 2022 X-ray flare reveal an evolved Be star (Teff = 20,000 K), displaying correlated He I emission
and X-ray variability, supporting its classification as a BeXRB likely hosting a neutron star. In
contrast, HD 249179 exhibits cyclic Ha variability (3.2 to ~32.7 A) and multi-periodic photometric
changes, confirming its classification as a classical Be star with no strong X-ray interaction.
Additionally, over 21,000 Ha spectra from 213 classical Be stars (average coverage ~19 years) were
analyzed using adaptive time-binning, Monte Carlo etror estimation, and dynamic phase
classification to quantify variability cycles. Results show that Be stars spend about 35.6 + 0.8 % of
the time in quasi-stable states, with growth and decay phases contributing 30.7 £ 0.9 % and 33.7 £
0.9 %, respectively. These findings provide one of a statistical overviews of long-term disk
variability, explaining the timescales of disk formation and dissipation.
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