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Abstract 

: 

 

Recent years have witnessed growing interests in quantum spin systems at two frontiers. Many-body spin systems 

are heavily investigated for new phases of matter and exotic excitations therein, while individual quantum spins 

are harnessed as quantum information carriers and quantum sensors. This talk focuses on a special class of 

quantum spins at material surfaces that are probed and controlled by a scanning tunneling microscope (STM). In 

the first part of this talk, I will discuss collective quantum spin liquid (QSL) behavior in single-layer 1T-TaSe2, a 

newly discovered 2D Mott insulator [1] predicted to host a Fermi sea of itinerant spinons [2]. Evidence for such 

spinon behavior in single-layer 1T-TaSe2 was found from unexpected spatial modulations that are quantitatively 

consistent with a spinon Fermi surface instability [3] as well as an unusual spinon-induced Kondo effect in 

magnetic adatoms [4]. In the second part of my talk, I will introduce techniques to coherently control individual 

spins using an STM, as well as recent efforts towards multi-spin quantum control beyond the spin in the tunnel 

junction [5]. Finally, I will discuss future directions of combining quantum control with quantum materials in the 

form of atomic-scale quantum sensing and quantum simulation. 
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