Probing Quantum States of Magnetic Atoms on Surfaces 
by Spin Resonance in an STM
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Meticulous control of spin states is of central importance in spin-based information processing and spintronic devices. Electron spin resonance (ESR) combined with atom manipulation in a scanning tunneling microscope (STM) provides electrical access to spin structures constructed on a surface with atomic precision [1]. In this talk, we demonstrate precise measurement and control of (i) the magnetic interactions between surface atoms and (ii) the hyperfine interaction of individual atoms. 
	Taking advantage of atom manipulation, two spin-1/2 atoms are assembled at a precisely selected spacing, resulting in highly entangled magnetic states [2]. We find that increasing the interaction strength between the spins of two atoms enhances the degree of the mixing of quantum spin states, enabling us to create robust singlet and triplet states. A two level system composed of these singlet and triplet states is insensitive to local and global magnetic field noise, resulting in longer spin coherence times compared to single atoms. 
The unprecedented energy of ESR-STM also enables us to measure the hyperfine interactions of individual atoms on a surface [3]. We show that the hyperfine splitting strongly depends on the binding site of surface atoms as well as the proximity of other magnetic atoms. Based on the observed hyperfine spectra, we are able to deduce position-dependent information about the electronic ground state, the state mixing with neighboring atoms, and properties of the nuclear spin. 
Our work provides a powerful probe of the quantum states of electron and nuclear spins for individual atoms and nanostructures. Magnetic structures built using spin-1/2 atoms may serve as the smallest component for assembling custom spin chains and arrays for the exploration of quantum phases, spintronic information processing, and quantum simulation.
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