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Abstract

Quantum mechanics provides a thorough understanding of the physical
properties of most common metals, insulators, and superconductors. Even
though we cannot solve the Schrédinger equation for 1023 particles, we are
able to make progress because the electrons move essentially independent of
each other. However, in many modern materials, and particularly in the high
temperature superconductors, there are important regimes where the
independent-electron paradigm breaks down, and we have to deal with wave
functions in which all the electrons are entangled with each other in a non-
local manner. Understanding such quantum states, in which no particle-like
excitations can be identified, is a major theoretical challenge. In this talk, we
will describe recent progress in this field using quantum field theory, string
theory, and computer simulations. These advances shed light on many of the
puzzling features of phase diagrams of the high temperature superconductors.
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