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Title: Unconventional responses in condensed matter physics: from ferroaxial order to 
chirality induced spin selectivity 

Abstract 

Symmetries of materials determine how they respond to external stimuli and provide a powerful 
route toward controlling condensed matter phenomena. In this talk, I will discuss unconventional 
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charge and spin responses arising from ferroic orders and other symmetry-driven properties. I will 
first focus on ferroaxial crystals, where ferroaxial order can enable unconventional charge and spin 
responses and provide a route toward their nonvolatile control.  

I will then turn to chirality in solids, which gives rise to charge-to-spin conversion with spin 
accumulation parallel or antiparallel to the applied current, resembling the intriguing phenomenon 
of chirality-induced spin selectivity (CISS) observed in molecular systems. Recent results showing 
efficient charge-to-spin conversion and long-range spin transport in chiral materials will be 
discussed, including Te, TaSi₂, OsSi, and NiTa₃S₆, where symmetry-enforced persistent spin textures 
remain robust over large regions of the Brillouin zone, enabling efficient generation of spin signals 
and potentially enhanced spin lifetimes.  

Finally, I will extend these ideas to twisted van der Waals materials, both nonmagnetic and magnetic, 
including altermagnets. These examples illustrate the range of unconventional charge and spin 
responses that can be obtained by exploiting symmetry in quantum materials. 
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