Emergent quantum phenomena in doped 2D
transition metal dichalcogenides

Rishav Harsh', Wen Wan', Paul Dreher’', Darshana Wickramaratne?,
Igor I. Mazin®, Fernando de Juan’? and Miguel M. Ugeda™?3

"Donostia International Physics Center (DIPC), Paseo Manuel de Lardizabal 4,

20018 San Sebastian, Spain.
2lkerbasque, Basque Foundation for Science, 48013 Bilbao, Spain.
3Centro de Fisica de Materiales (CSIC-UPV-EHU), Paseo Manuel de Lardizabal 5,

20018 San Sebastian, Spain

4Center for Computational Materials Science, U.S. Naval Research Laboratory,
Washington, DC 20375 USA

SDepartment of Physics and Astronomy, George Mason University, Fairfax, VA,

22030 USA

Transition metal dichalcogenides (TMDs) are model systems for probing low
dimensional physics in the presence of strong spin-orbit coupling and valley
polarization in momentum space. In the single layer form, TMDs are known to exhibit
unconventional superconductivity, 2D magnetism, charge density wave order, and a
wide range of electronic and optoelectronic properties. The key to understanding of the
complex physics of the many body interactions is through fine tuning of position of the
fermi level (EF) of the system. One of the ways to influence the Er or electronic carrier
density is through the chemical substition with a heterovalent impurity leading to
electron or hole doping. Using this approach, ultra low temperature (0.34 — 4.2 K)
scanning tunneling spectroscopy investigation on single layer W-doped TaSe:2 (ref-1)
and Mo-doped NbSe:2 (ref-2) are presented. We show the band structure evolution of
semi-metallic NbSe2 to semi-conducting MoSe2 by varying the Mo- doping as well as
the effects on the superconductivity and charge density wave order present in the
NbSe: lattice. Further, in the TaWSe2 system, superconductivity emerges from an
increase of the density of states as the Fermi surface approaches a van-Hove
singularity due to electron doping from W atoms. These work highlight TMD alloys as
ideal playgrounds for the study of a variety of disorder-driven electronic phase
transitions in purely 2D systems.
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