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Abstract: <span>A featureless insulator is a gapped phase of matter that does not exhibit fractionalization or other exotic physics, and thus has a
unique ground state. The classic albeit non-interacting example is an electronic band insulator. A standard textbook argument tells us that band
insulators require an even number of electrons -- an integer number for each spin -- per unit cell. I will explore the converse question: given such an
'integer filling', is a featureless insulating state possible? I will demonstrate that in most three-dimensional crystals, an insulating ground state cannot
be unique -- and hence cannot be featureless -- except at certain special fillings fixed by the crystalline space group. This result, which remains valid
more generally for interacting systems of fermions, bosons, or spins (as long as they have a conserved U(1) charge), relies on a combination of
topological 'flux insertion' arguments and elementary crystallographic ideas. I will explore its implications through examples ranging from band
theory, where it leads to the identification of protected semimetals, to frustrated magnetism, where it suggests new venues for spin liquid
physics.</span>
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