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Direct observation of spin-split electronic bands in antiferromagnetic spintronic
materials using spin-resolved angle-resolved photoemission spectroscopy
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Antiferromagnetic (AFM) spintronics has attracted considerable attention following the discovery of functionalities
such as the anomalous Hall effect and magneto-optical responses in AFM materials. These phenomena are believed to
originate from spin-split electronic bands and unconventional spin textures induced by AFM order, yet direct experimental
evidence remains limited. In this project, we employed spin- and angle-resolved photoemission spectroscopy (Spin-
ARPES) to directly probe the electronic spin structures of AFM materials. To enable Spin-ARPES studies of AFM thin
films, we developed a portable ultra-high-vacuum (UHV) sample transfer system that preserves pristine surfaces during
transportation between thin-film growth facilities and synchrotron beamlines. Although clear observation of AFM-derived
band structures in thin films was not achieved, these efforts established an experimental platform and clarified key
technical challenges for future studies. In parallel, we investigated the bulk antiferromagnet NdBi using laser-based Spin-
ARPES. We directly observed spin-polarized surface bands in the AFM state and demonstrated that their spin textures are
governed by the interplay between magnetic order and inversion-symmetry breaking. Comparison with first-principles
calculations further revealed that 4f-electron magnetism strongly influences the surface-band dispersion and spin splitting.
These results provide direct experimental evidence linking AFM order to electronic spin structures and establish a

foundation for future control of AFM spin textures using external stimuli such as magnetic fields and strain.
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