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We classify and characterize three dimensional U(1) quantum spin liquids (deconfined U(1) gauge
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We classify and characterize three dimensional U(1) quantum spin liquids (deconfined U(1) gauge
theories) with global symmetries. These spin liquids have an emergent gapless photon and
emergent electric/magnetic excitations (which we assume are gapped). In this talk, I will discuss in
great details the case of a U(1) quantum spin liquid with SO(3) spin rotational symmetry. We find
there are 2 distinct such quantum spin liquids based on the properties of their bulk excitations. We
identify another anomalous state, and I will show how to understand its anomaly. Then I will
summarize a general framework that can be applied to classify and characterize symmetry
enriched U(1) quantum spin liquids with a general symmetry. After this, as an application, I will
show what other lessons we can learn from the study of symmetry enriched U(1) quantum spin
liquids. In particular, I will propose a nontrivial topological material, a "doubled topological
insulator", which can host two surface Dirac cones and is protected by charge conservation, time
reversal and mirror symmetries.
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