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We investigate the dynamics of geometric quantum discord of coupled qubits in a squeezed vacuum
reservoir. The results show that there is distinct difference between the dynamics of geometric quantum
discord and that of quantum entanglement near (or away from) the decoherence free subspace. We also

find that the squeezed vacuum reservoir with high squeezed amplitude is more suitable for geomet-
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ric quantum discord to survive. The robustness of geometric quantum discord is stronger than that of
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1. Introduction

Entanglement is regarded as the key resource of quantum infor-
mation processing. There are many interesting applications based
on these entangled systems, such as dense coding, quantum tele-
portation and quantum cryptography. An important feature of
entanglement is that it gives rise to correlations, which cannot be
explained by any local realistic description of quantum mechanics.
Therefore, quantum entanglement is a non-local quantum con-
nection. However, decoherence is a ubiquitous phenomenon in
quantum mechanics and any architecture of future quantum com-
puters must consider it seriously. So, investigating and quantifying
the amount of entanglement contained in entangled system inter-
acting with open systems is very important in the context of
quantum information [1-4].

It is well known that quantum entanglement is not the only kind
of quantum correlations for quantum information processing. It has
shown both theoretically and experimentally that some tasks can
be speeded up over their classical counterparts using fully sepa-
rable and highly mixed states. To generally quantify the quantum
correlations contained in bipartite systems, Ollivier and Zurek have
defined a measure known as quantum discord [5]. It is largely
accepted that the total correlations contained in quantum states
can be described by quantum mutual information which is the sum

* Corresponding author at: Department of Physics, Jiangxi Normal University,
Nanchang, Jiangxi 330022, China.
E-mail address: jxnuhjj@126.com (J. Hu).

0030-4026/$ - see front matter © 2013 Elsevier GmbH. All rights reserved.
http://dx.doi.org/10.1016/].ijle0.2013.08.037

of the quantum discord and classical correlation given by Vedral [6].
In general, there are two kinds of quantum discord: measurement-
based discord and distance-based discord. The original definition
of discord given by Ollivier and Zurek is the measurement based
discord. The distance-based discord is adopted in Refs. [7,8]. This
discord is defined as the minimal distance of a quantum state and
all states with zero discord. Comparing with the original definition
of quantum discord, this definition helps us to get an analytical
expression for arbitrary two-qubit systems. This kind of measure
is also called the geometric measure of quantum discord (geomet-
ric quantum discord) since it is similar to the geometry measure of
quantum entanglement [9].

Up to now, difference schemes have been derived to remove
the effects produced by the environment, for example, quantum
error correction, decoherence-free subspace (DFS), and dynamical
decoupling and quantum Zeno effect [10]. Recently, decoherence
free entanglement was investigated for two qubits interacting with
acommon squeezed vacuum bath. It claimed that for states belong-
ing initially to the DFS plane, the phenomenon of entanglement
sudden death never occurs [11]. Moreover, for states outsides the
DFS plane, the dynamics of entanglement displays two different
types of behavior, namely the phenomena of entanglement decay
and entanglement sudden death. Based on the fundamental and
practical values, a natural question emerges if the DFS could avoid
the death of quantum discord.

In this paper, the Markovian decoherence of the geometric quan-
tum discord is obtained by using the master equation when the
squeezed reservoirs are considered. The time-dependent behav-
ior of geometric quantum discord is analytically and numerically
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analyzed. The squeezed property of the geometric quantum discord
is also investigated.

2. Model

The Markovian master equation, in the interaction picture, for
two qubits interacting with a squeezed vacuum bath (at zero tem-
perature) is given by [12]
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where y is the spontaneous emission rate and N=sinh?r. r and 6
are the squeeze parameters of the bath. aji(i = A, B) is the Pauli
operator which is used to describe the qubits which obey the com-
mutation and anticommutation algebra relation of Pauli operators.
For simplicity, we assume y =1.

The decoherence-free subspace (DFS) was found in Ref. [13] and
is composed of all eigenstates of S with zero eigenvalue. The two
orthogonal vectors in this DFS plane are
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M = /N(N + 1). One can also define the states ’¢3> and |<D4>

orthogonal to the {|<1§1> s <1§2>} plane:

1
|@3) = i (Jo1) +]10)), (5)
|@1) = ! (M|11) - Ne |00)). (6)

v/ N2 + M2

Based on the basis {‘<D1> s ¢2> s (D3> , |<D4> } the solutions of
the quantum master equation can be found, and they depend on
the initial values and squeeze parameters of the bath. In order to
study the geometric quantum discord of two qubits in the common
squeezed bath, we consider the initial states of the form

|1//1>:8‘¢1>+\/1—82|¢4>, (7)

|W2>=8‘¢2>+\/1—82’¢3>, (8)

where ¢ is variable amplitude of one of the states belonging to the
DFS. We would like to study the effect of varying € on the quantum
discord.

3. Quantum entanglement and geometric quantum discord
for two qubits

In general, the density matrices for solutions of Eq. (1) are writ-
ten in the standard basis of the form:

p1i(t) 0O 0 pa(t)
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Fig. 1. Time evolution of geometric quantum discord GQD(t) for initial state | v (t)>
and r=0.1: (@) €=0.1; (b) €=0.3; (c¢) £=0.5; (d) e=1.
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Fig. 2. Time evolution of geometric quantum discord GQD(t) for initial state | 1//2(t)>
andr=0.1:(a) e=0.1; (b) €=0.3; (c) €=0.5; (d) e=1.

The concept of geometric quantum discord is discussed in Ref.
[14] to quantify the nonclassical correlations. For an arbitrary bipar-
tite state p,p(t), geometric quantum discord (GQD) is defined as

Di(pAB)=Xn;gOy|pAB—tz (10)

where the minimum is bigger than all possible classical states y
of the form py [¥1) (V1| ® pa+p2 |¥2) (V2| ® pp with py +py =1.
|1//1> and |1ﬂ2> are two orthonormal bases of subsystem A. p4 and

2
lo=x]"=
Tr(p — X)2 is the square norm of Hilbert-Schimidt space.

In the following, we are going to discuss how the squeezed
amplitude parameter affects geometric quantum discord of cou-
pled qubits while the quantum system is initially in ‘lm ) and ‘1ﬁ2>
states respectively. Figs. 1-6 show the most representative evolu-
tion curves. In both cases, we vary € between 0 and 1 for a fixed
squeezed amplitude parameter. We observe from Figs. 1 and 2 that
the initial geometric quantum discord evolves to steady-state value
asymptotically due to the dissipation effect. And the phenomenon
of sudden death and revival never occurs. However, the correla-
tion behavior of system would be different when we start from
different initial states with fixed squeezed parameters. When the
initial state is ’% > the steady-state value of geometric quantum
discord is independent of parameter ¢. In other words, no matter
getting close to or getting away from the DFS, geometric quantum
discord has a fixed steady-state value. Inversely, when the initial
state is ’1&2>, the steady-state value of geometric quantum discord
depends on parameter £ and becomes bigger as getting closer to
the DFS.

It is obvious that in squeezed vacuum reservoir, the dynamic
behaviors of the geometric quantum discord are different from that

pp are two density matrices of subsystem A(B). Here,
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