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Traditional framework based on spontaneous symmetry breaking is insufficient to describe
novel phases such as quantum spin liquids, topological states, and non-Fermi liquids, which
require understanding many-body entanglement and the non-trivial im-plementation of
microscopic symmetries at low energies. This thesis addresses three particular examples of
the above interplay. First, we study the superconductivity of J = 3/2 electrons on the
honeycomb lattice in the context of transition metal tri-halides in presence of strong
spin-orbit coupling. We identify a host of novel superconductors that includes gapped,
nodal, and pair-density-wave states. Second, we study Z2 fractionalized fermionic systems,
where the projective action of symmetries is crucial to identifying phases arising from
frustration among fractionalized degrees of freedom. The interplay of frustration and
emergent gauge structures lead to dimer models exhibiting both topologically ordered
phases and dimer crystals, resulting in a rich phase diagram. Third, we develop a
wave-functional approach for correlated metallic phases that captures quantum fluctuations
of the Fermi surface and describes both Fermi liquid and non-Fermi liquid phenomenology.
Together, these studies demonstrate the interplay of symmetries and entanglement in
correlated quantum matter.
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