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Nonreciprocal Inertial Spin-Wave Dynamics in 

Twisted Magnetic Nanostrips 
Abstract:  When magnetic materials are shaped into 

curved or twisted geometries, their internal spins—tiny 

magnetic moments of atoms— can exhibit ultrafast 

magnetic vibrations at terahertz frequencies (trillions of 

oscillations per second) known as inertial spin waves, 

which acquire a remarkable geometric character. This 

work develops an analytical theory showing how 

curvature and twist couple to the inertia of collective spin 

motion, giving rise to terahertz spin waves that behave 

differently depending on their direction of travel. The 

effect originates from a special geometric influence, 

known as a Berry phase, which emerges when the spins 

oscillate along a three-dimensional curved path. By 

analyzing two different types of twisted nanomagnets— 

helices and Möbius strips—  the study reveals how 

geometry alone can control inertial spin-wave properties 

without external magnetic fields or modulated material 

composition. The results establish a theoretical 

framework for the emerging field of curvilinear terahertz 

magnonics, highlighting the intimate link between 

geometry, topology and ultrafast magnetization 

dynamics. Beyond their fundamental significance, these 

insights lay the groundwork for new strategies to control 

magnetism at the nanoscale, potentially enabling faster 

and more energy-efficient technologies for data 

processing and communication. 

(…more detail available here)
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