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Study on entanglement has been attracted attention in a wide area of science such as quan-
tum information theory, quantum statistical physics, condensed matter physics, and computational
physics. In quantum statistical physics, for example, entanglement properties of one-dimensional
quantum systems have been established. For one-dimensional gapped systems, the entanglement
entropy converges to the logarithm of the number of edge states in the thermodynamic limit. For
one-dimensional critical systems, on the other hand, the entanglement entropy in the thermody-
namic limit diverges where the coefficient of the diverging function is related to the central charge
of the system. However, universal properties of entanglement in two-dimensional quantum systems
have been not very known. We study entanglement properties of two-dimensional valence-bond-
solid (VBS) state [1,2] and the ground states of quantum hard-square model on square and triangle
ladders [3]. We find certain entanglement properties of some two-dimensional quantum systems
can be described by the critical phenomena of one-dimensional quantum systems. We divide the
whole system into two symmetric subsystems and analyze the reduced density matrix ρred. Es-
pecially, we focus on entanglement spectrum which is the “energy dispersion” of entanglement
Hamiltonian defined by HE := − ln ρred.

We find that the entanglement spectrum of VBS state on square lattice is similar with the
energy dispersion of antiferromagnetic Heisenberg chain. To obtain the central charge of critical
entanglement Hamiltonian, we introduce a new quantity “nested entanglement entropy” [2]. The
central charge of entanglement Hamiltonian is c = 1 which is the central charge of antiferromagnetic
Heisenberg chain, which is called “VBS/CFT correspondence”. As well as the VBS state, we study
entanglement properties of quantum hard-square model where the ground state can be described
by the projected entangled pair state (PEPS). We concentrate on the case where the fugacity is
critical value of the corresponding classical system. In this case, the entanglement spectrum is
similar with the energy dispersion of the corresponding classical system. We also find that the
central charge of the entanglement Hamiltonian is the same as that of the corresponding classical
system.

This work was done in collabolation with Hosho Katsura, Naoki Kawashima, Anatol N. Kirillov,
Vladimir E. Korepin, Jie Lou, and Ryo Tamura.
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