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Study of Entanglement in Many-Particle Systems

Yang, K.; Lai, H.-H.; Pouranvari, M.; Seidel, A. and Zhang, Y. (NHMFL)
Introduction 

During the past year, the research activity of Yang’s group has mostly focused on entanglement in various many-particle systems. These include disordered fermions that go through metal-insulator transitions, highly excited states in free fermion systems, and systems that support Fermi or Bose surfaces.
Results and Discussion

In Ref. [1], we showed that disordered free fermion ground states obey entanglement entropy area law, in both metallic and insulating phases.
In Ref. [2], we used entanglement properties to demonstrate that the newly developed real-space renormalization group method for highly excited states (RSRG-X), while qualitatively correct, is quantitatively less accurate than the RSRG method applied to ground states.
In  Ref. [3], we studied entanglement entropy of highly excited states of free fermions. Unlike ground state entanglement entropy that follows area law, we showed that such excited states obey a volume law instead. More interestingly, we showed the area and volume laws are two sides of the same coin, in the sense that they are related by a duality transformation between real and momentum spaces. Perhaps the most significant result is under certain conditions, we can prove that the reduced density matrix of a small subsystem takes the form of a thermal density matrix, thus realizing eigenstate thermalization. Our simple and elegant proof clearly demonstrates how statistical mechanics emerges from a single highly excited eigenstate, through entanglement.
In Ref. [4], we calculated correction to entanglement entropy due to a single impurity in the interior of a subsystem, and found a 1/L scaling with L being the subsystem size.

In Ref. [5], we showed it is possible to determine the shape of critical surfaces (either Fermi or Bose), by inspecting the coefficient of the logarithmic enhancement to entanglement entropy area law that thei induce.
Conclusions
Significant progress has been made in the understanding of entanglement properties of many-body systems.
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