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Controlling quantum materials 
 
The development of an ever-increasing ability to control the behavior of electrons in semiconductor materials has 
driven more than half a century of relentless progress in technology.  Realizing similar levels of control over charge 
carriers in correlated solids, where the motion of an electron is inherently linked to those of its neighbors, 
promises enormous new possibilities for multi-functional technologies, but understanding, and ultimately 
engineering, their interacting electronic states has proved a major challenge. Recent years have nonetheless seen 
significant progress: approaches to manipulate charge carrier concentrations at surfaces and interfaces and to 
structure correlated electron systems on the atomic scale have opened new paradigms for tuning their functional 
properties [1-4]. Combined with advanced spectroscopic probes, such designer quantum materials provide a 
sensitive test-bed of the quantum many-body problem in solids, and open new routes to tune emergent states 
and phases. As an example to illustrate the potential of this approach, I will discuss our recent angle-resolved 
photoemission (ARPES) measurements on the surfaces of the delafossite oxides (Pd,Pt)CoO2.  I will show how 
self-doping due to the polar nature of these surfaces transforms the system from a single-band non-magnetic 
nearly-free electron metal in the bulk [5] to an itinerant ferromagnet with strong electron-magnon coupling [6], or 
to a correlated metal hosting a kinetic-energy-coupled inversion symmetry breaking [7] at their surfaces. The latter 
maximizes the influence of spin-orbit coupling, allowing this oxide surface to develop some of the largest Rashba-
like spin splittings that are known, ultimately suggesting new routes to designing spintronic materials.  
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