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Abstract:

In statistical mechanics, hyperuniformity [1] has been established as a powerful geometric
framework to classify spatial distributions of points or classical variables in terms of their long-
wavelength density fluctuations. Despite its broad success in classical settings such as point
distribution and classical many particle systems [2,3], its applicability to quantum many-body
systems—where density fluctuations are known to be strongly influenced by intrinsic quantum effects
originating from quantum statistics—has remained largely unexplored.

In this talk, I extend the concept of hyperuniformity to quantum many-body systems by
incorporating intrinsic quantum fluctuations and introduce a quantum hyperuniformity classification
based on the infrared scaling of the static structure factor [4]. I also identify a quantum-geometric
quantity encoded in the ground state, namely the quantum weight [5] by separating classical and
quantum contributions to the structure factor.

Applying this quantum hyperuniformity classification to quasiperiodic systems, I show that the
infrared scaling of the static structure factor provides a clear criterion for distinguishing gapped and
gapless electronic states. I further demonstrate that the classical and quantum contributions play
complementary roles, enabling the identification of localized, extended, and critical phases within the
hyperuniformity classification framework. Finally, I unveil a universal relationship between the
quantum weight and the spectral gap size, allowing quantitative gap information to be extracted from
static ground-state correlations alone.
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