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Abstract

We investigate the holographic entanglement entropy in the metal/superconductor phase transition for the 
Born–Infeld electrodynamics with full backreaction and note that the entropy is a good probe to study the 
properties of the phase transition. For the operator 〈O−〉, we find that the entanglement entropy decreases 
(or increases) with the increase of the Born–Infeld parameter b in the metal (or superconducting) phase. 
For the operator 〈O+〉, we observe that, with the increase of the Born–Infeld parameter, the entanglement 
entropy in the metal phase decreases monotonously but the entropy in the superconducting phase first 
increases and forms a peak at some threshold bT , then decreases continuously. Moreover, the value of 
bT becomes smaller as the width of the subsystem A decreases.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/3.0/). Funded by SCOAP3.

1. Introduction

As the holographic principle provides a new insight into the investigation of strongly interact-
ing condensed matter systems [1,2], there are a lot of works applying the anti-de Sitter/conformal 
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field theory (AdS/CFT) duality [3–5] to condensed matter physics and in particular to super-
conductivity [6–22]. It states that the bulk AdS black hole becomes unstable and scalar hair 
condenses as one tunes the temperature for black hole. As a matter of fact, in order to understand 
the influences of the 1/N or 1/λ (λ is the ’t Hooft coupling) corrections on the holographic 
superconductors, the higher derivative corrections to the gauge field should be taken into consid-
eration. For the high order correction related to the gauge field, one of the important nonlinear 
electromagnetic theories is Born–Infeld electrodynamics [23–28]. As is well known, the Born–
Infeld electrodynamics, which was proposed in 1934 by Born and Infeld to avoid the infinite 
self-energies for charged point particles arising in Maxwell theory [23], displays good physi-
cal properties including the absence of shock waves and birefringence. It was also found that 
the Born–Infeld electrodynamics is the only possible nonlinear version of electrodynamics that 
is invariant under electromagnetic duality transformation [24]. Jing and Chen observed that the 
Born–Infeld coupling parameter makes it harder for the scalar condensation to form [29]. Then, 
the analytic study of properties of holographic superconductors in Born–Infeld electrodynamics 
was presented in Ref. [30]. In this paper, we would like to investigate the phase transition in the 
Born–Infeld electrodynamics with full backreaction of the matter fields electrodynamics on the 
AdS black hole geometry.

Recently, according to the AdS/CFT duality, Ryu and Takayanagi [31,32] have presented 
a proposal to compute the entanglement entropy of conformal field theories (CFTs) from the 
minimal area surface in gravity side. Since this proposal provides a simple and elegant way 
to calculate the entanglement entropy of a strongly coupled system which has a gravity dual, 
the holographic entanglement entropy is widely used to study various properties of holographic 
superconductors at low temperatures [33–41]. The entanglement entropy in the metal/super-
conductor system was studied in Ref. [42]. It was shown that the entanglement entropy in 
superconducting phase is always less than the one in the metal case and the entropy as a function 
of temperature is found to have a discontinuous slop at the transition temperature Tc in the case 
of the second order phase transition. Ref. [43] considered the case with higher derivative cor-
rections and studied the holographic entanglement entropy in Gauss–Bonnet gravity. Ref. [44]
studied the holographic entanglement entropy for general higher derivative gravity and proposed 
a general formula for calculating the entanglement entropy in theories dual to higher derivative 
gravity. Then, the holographic entanglement entropy in the insulator/superconductor model was 
studied in Refs. [45–48] and it turned out that the entanglement entropy is a good probe to in-
vestigate the holographic phase transition. Furthermore, Kuang et al. examined the properties of 
the entanglement entropy in the four-dimensional AdS black hole and found that the entangle-
ment entropy can be considered as a probe of the proximity effect of a superconducting system 
by using the gauge/gravity duality in a fully backreacted gravity system [49]. More recently, the 
entanglement entropy of general Stückelberg models both in AdS soliton and AdS black hole 
backgrounds with full backreaction was studied in Ref. [50]. However, the models mentioned 
above are all in the frame of Maxwell electromagnetic theory. It is of interest to investigate holo-
graphic entanglement entropy in the nonlinear electromagnetic generalization. We have studied 
in Ref. [51] the holographic entanglement entropy in the insulator/superconductor phase tran-
sition for the Born–Infeld electrodynamics, and found that the entanglement entropy increases 
with the increase of the Born–Infeld factor in the superconductor phase and the critical width �
of confinement/deconfinement phase transition is dependent of the Born–Infeld parameter. As a 
further study along this line, in this paper we will extend the previous works to investigate the en-
tanglement entropy in metal/superconductor phase transition with Born–Infeld electrodynamics. 
We find that the entanglement entropy decreases with the increase of the Born–Infeld parameter 
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