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The Landau theory of phase and phase transition, which describes the state of matter by the spontaneous symmetry breaking, and the
Fermi liquid theory of interacting Fermi systems are the two corner stones of contemporary condensed matter physics. They act as our
starting points to understand the structure, excitations and phase transitions of any condensed matter system. According to such a
Landau paradigm, an interacting Fermi system will behave just as non-interacting Fermi gas system at sufficient low energy, if the
interaction is not strong enough to induce a symmetry breaking phase transition in the system. In such a case, the perturbation
expansion in the interaction strength is assumed to converge and the low energy excitation can be connected to that of a Fermi gas
system adiabatically. In strongly correlated electron systems, such as the high temperature superconductors and quantum
antiferromagnets, a pertubative picture on the interaction effect usually fails. The correlation effect between the electrons can induce
new forms of order that are beyond the Landau symmetry breaking paradigm. Non-Fermi liquid behavior can emerge in the fully
symmetric correlated phases. The Mott insulating phase and the quantum spin liquid phase are the most prominent example of such
exotic state of matter. After about three decades of intensive studies, people find that the quantum non-locality effect is at the heart of
such new forms of order. The quantum non-locality effect manifests itself in the emergence of gauge degree of freedom in the low
energy physics of such strongly correlated system. Such emergent gauge filed is not only important for the characterization and
classification of the ground state structure, but is also directly responsible for the non-Fermi liquid behavior of the system. The Landau
paradigm should be extended to accommodate such new forms of order and the related new form of excitations and new universal
class of phase transitions. Such an extension will elevate our understanding of the structure of matter to the level of quantum wave
function. Unlike the conventional symmetry breaking order, which is characterized by the correlation functions between local physical
observables, the new form of orders, which are commonly called quantum order (with the topological order as one of its typical
example), can be better characterized by the entanglement property in the quantum wave function. From a mathematical point of view,
the new form of order is closely related to the projective representation theory of the symmetry group, while the conventional
symmetry breaking order iswell described by the linear representation theory of the symmetry group.

Landau paradigm, strongly correlated electron system, topological order and quantum order
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