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aDepartment of Physics, Loránd Eötvös University, H-1117 Budapest,
Pázmány P. s. 1/A, Hungary, E–mail: ikovacs@szfki.hu

bResearch Institute for Solid State Physics and Optics, H-1525
Budapest, P.O.Box 49, Hungary, E–mail: igloi@szfki.hu

cInstitute of Theoretical Physics, Szeged University, H-6720 Szeged,
Hungary

The entanglement entropy of quantum many-particle systems is ex-
tensively studied, especially around quantum critical points, where phase
transitions take place. The entanglement in the |Ψ〉 ground state can be
quantified by the von Neumann entropy between an A part and the rest
of the system (B) as SA = −TrA(ρA log ρA) in terms of the reduced
density matrix ρA = TrB|Ψ〉〈Ψ|. The entanglement entropy of a subsys-
tem with linear size � is usually expected to scale with the area of the
boundary of the subsystem, S(�) ∼ �d−1, known as the area law. On the
contrary, as now well understood in 1 dimensional pure and disordered
systems, the critical entanglement entropy shows logarithmic divergence
S(�) ∼ ln � in 1D. In higher dimensional interacting systems, the charac-
terization of the entanglement entropy turned out to be rather too dif-
ficult, resulting in almost complete lack of results. One exception is the
random transverse-field Ising model, where the strong disorder renormal-
ization group (SDRG) technique enabled to study 2 dimensional critical
systems up to about ten thousand spins. For the time being two differ-
ent interpretations of the data are available. Lin et al. (2007) observed
a double-logarithmic multiplicative factor to the area law, whereas Yu
et al. (2008) argued to have only a subleading logarithmic term to the
area law. By using our efficient SDRG algorithm, we could analyze the
critical behaviour up to several million spins, not only in 2, but also in
3 and 4 dimensions. A related question in higher dimensions is, whether
the entanglement entropy has a maximal value at the critical point, in-
dicating the location of the phase transition, as found in 1D. In order to
test this, we also studied the von Neumann entropy outside the critical
point in 2, 3 and 4 dimensions.
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