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Abstract: Quantum materials exhibit a complex interplay between electronic correlations, topology, and
magnetism, placing them at the forefront of condensed matter physics and quantum technology. Under-
standing these systems requires disentangling spin-orbit coupling, electron-electron interactions, and ma-
gnetic fluctuations under realistic conditions, including finite temperatures and structural disorder. Spin- and
time-resolved angle-resolved photoemission spectroscopy (STARPES) is a crucial technique for probing
electronic and spin structures in magnetic and topological materials. However, quantitative interpretation
of spin-ARPES data necessitates advanced theoretical models that accurately capture electronic states,
spin textures, and dynamic responses to external fields. | will present a theoretical framework based on
the fully relativistic multiple-scattering Green function KKR method [1], effectively modeling spin-dependent
photoemission. This approach includes correlation effects via dynamical mean-field theory (DMFT) [2] and
describes spin fluctuations using the alloy analogy model [3]. | will also discuss advances in calculating
light-induced electronic excitations [4], highlighting their relevance to spin-ARPES studies of topological and
magnetic quantum materials. A novel application is the one-step model of photoemission in studying alter-
magnets and kagome magnetic materials. Altermagnets, exhibiting unconventional time-reversal symmetry
breaking without net magnetization, are explored in RuO2 and MnTe [5,6]. Spin-ARPES combined with the
one-step model provides insights into lifted Kramers spin degeneracy, revealing their potential for spintro-
nics. In kagome magnetic materials, persistent flat band splitting and selective band renormalization are
observed in FeSn thin films [7], highlighting unique correlation effects and topological phenomena. These
developments offer a comprehensive framework for exploring magnetic phenomena and spin dynamics in
complex quantum materials.
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