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Spin is a fundamental and intrinsic property of quantum particles that plays a crucial

role in various physical phenomena, e.g., magnetism, particle interactions, the

structure of matter. Spins offer some exceptional advantages including long

coherence times, high-fidelity controllability via magnetic, optical and electrical

fields, excellent scalability, and compatibility with solid-state integration. These

unique merits establish spins as one of the most promising platforms for practical

quantum technologies.

This talk will explore the intricate world of spin dynamics across gaseous, liquid,

and solid-state systems, and its pivotal role in advancing quantum technologies. I

will present state-of-the-art spin-based quantum techniques, including quantum

simulation platform for complex many-body physics, quantum reservoir computing

that leverages natural spin dynamics for efficient temporal information processing,

and spin-based ultra-sensitive magnetometers for weak-field detection in

fundamental physics such as dark matter searches. Finally, I will discuss future

prospects on laser-assisted solid-state magnetic resonance, highlighting its

challenges and opportunities.


