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Investigation of quantum dynamics of vortices and quantum critical phenomena in
highly crystalline 2D superconductors
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We studied the quantum vortex states and their dynamics in highly
crystalline two-dimensional (2D) superconductors by using the electric-field-induced 2D electron
system at the surface of MoS2 single crystals and the exfoliated NbSe2 single crystal films. By
measuring the transport properties of them as a function of temperature, magnetic field, electrical
current and thickness in detail, we successfully made the comprehensive vortex phase diagrams of 2D
superconductors containing the quantum fluctuation. Through the comparison of the obtained results,

we clarified the origine of the quantum metallic state, where the drop in temperature dependence of
resistance levels off at low temperature in out-of-plane magnetic field, the current induced
guantum vortex-antivortex state at zero field, and their dynamical phase transitions, all of which
were suggested to be typical of 2D superconductors.
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