
 

Entangling two oscillating mirrors in an optomechanical system via a flying atom 

Yu-Bao Zhang(张玉宝), Jun-Hao Liu(刘军浩), Ya-Fei Yu(於亚飞), Zhi-Ming Zhang(张智明) 
Citation:Chin. Phys. B . 2018, 27(7): 074209. doi: 10.1088/1674-1056/27/7/074209 

Journal homepage: http://cpb.iphy.ac.cn; http://iopscience.iop.org/cpb   
 
What follows is a list of articles you may be interested in  
 

Cavity optomechanics: Manipulating photons and phonons towards the single-photon strong 
coupling 

Yu-long Liu(刘玉龙), Chong Wang(王冲), Jing Zhang(张靖), Yu-xi Liu(刘玉玺) 

Chin. Phys. B . 2018, 27(2): 024204. doi: 10.1088/1674-1056/27/2/024204 

Entanglement of movable mirror and cavity field enhanced by an optical parametric amplifier 

Cai-yun Zhang(张彩云), Hu Li(李虎), Gui-xia Pan(潘桂侠), Zong-qiang Sheng(圣宗强) 

Chin. Phys. B . 2016, 25(7): 074202. doi: 10.1088/1674-1056/25/7/074202 

Triple optomechanical induced transparency in a two-cavity system 

Shi-Chao Wu(吴士超), Li-Guo Qin(秦立国), Jun Jing(景俊), Guo-Hong Yang(杨国宏), Zhong-Yang Wang(王中阳) 

Chin. Phys. B . 2016, 25(5): 054203. doi: 10.1088/1674-1056/25/5/054203 

Strong violations of locality by testing Bell's inequality with improved entangled-photon systems 

Wang Yao, Fan Dai-He, Guo Wei-Jie, Wei Lian-Fu 

Chin. Phys. B . 2015, 24(8): 084203. doi: 10.1088/1674-1056/24/8/084203 

Optimizing quantum correlation dynamics by weak measurement in dissipative environment 

Du Shao-Jiang, Xia Yun-Jie, Duan De-Yang, Zhang Lu, Gao Qiang 

Chin. Phys. B . 2015, 24(4): 044205. doi: 10.1088/1674-1056/24/4/044205 

 

-------------------------------------------------------------------------------------------------------------------- 

http://cpb.iphy.ac.cn/EN/abstract/abstract72352.shtml�
http://cpb.iphy.ac.cn/�
http://iopscience.iop.org/cpb�
http://cpb.iphy.ac.cn/EN/abstract/abstract71484.shtml�
http://cpb.iphy.ac.cn/EN/abstract/abstract71484.shtml�
http://cpb.iphy.ac.cn/EN/abstract/abstract67739.shtml�
http://cpb.iphy.ac.cn/EN/abstract/abstract67207.shtml�
http://cpb.iphy.ac.cn/EN/abstract/abstract64855.shtml�
http://cpb.iphy.ac.cn/EN/abstract/abstract63812.shtml�


Chin. Phys. B Vol. 27, No. 7 (2018) 074209

Entangling two oscillating mirrors in an
optomechanical system via a flying atom∗

Yu-Bao Zhang(张玉宝), Jun-Hao Liu(刘军浩), Ya-Fei Yu(於亚飞), and Zhi-Ming Zhang(张智明)†

Guangdong Provincial Key Laboratory of Nanophotonic Functional Materials and Devices (SIPSE),
Guangdong Provincial Key Laboratory of Quantum Engineering and Quantum Materials, South China Normal University, Guangzhou 510006, China

(Received 3 March 2018; revised manuscript received 29 March 2018; published online 25 June 2018)

We propose a novel scheme for generating the entanglement of two oscillating mirrors in an optomechanical system
via a flying atom. In this scheme, a two-level atom, in an arbitrary superposition state, passes through an optomechanical
system with two oscillating cavity-mirrors, and then its states are detected. In this way, we can generate the entangled
states of the two oscillating mirrors. We derive the analytical expressions of the entangled states and make numerical
calculations. We find that the entanglement of the two oscillating mirrors can be controlled by the initial state of the atom,
the optomechanical coupling strength, and the coupling strength between the atom and the cavity field. We investigate the
dynamics of the system with dissipations and discuss the experimental feasibility.
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1. Introduction
Quantum entanglement,[1] as a cornerstone of quan-

tum physics, has potential applications in quantum in-
formation science, such as quantum computing,[2] quan-
tum teleportation,[3,4] quantum dense coding,[5] quantum
cryptography,[6,7] and so on. So far, quantum entanglement
has been realized in various physical systems, such as photonic
systems,[8–10] cavity quantum electrodynamics,[11–15] super-
conductor circuits,[16,17] and ion traps.[18,19] Quantum entan-
glement has been studied theoretically and experimentally,
such as based on photons,[20,21] atoms,[22–24] ions,[25,26] and
so on.

Cavity optomechanics, studying the interaction between
optical fields and mechanical resonators via the radiation pres-
sure, has attracted massive theoretical and experimental re-
searches in recent years. It provides a platform for realiz-
ing novel quantum effects in an extremely wide range from
microscale to macroscale. Recently, theoretical and exper-
imental efforts have demonstrated many quantum effects in
optomechanical systems, for example, the optomechanically
induced transparency[27–29] similar to electromagnetically in-
duced transparency (EIT),[30] the optomechanical storage,[31]

the normal mode splitting,[32,33] the preparation of nonclassi-
acl states,[34,35] the mechanical oscillator squeezing,[36,37] the
ground state cooling of the mechanical resonators,[38,39] and
so on.[40,41] The quantum entanglement has also been pro-
posed in various optomechanical systems. Vitali et al. theo-
retically investigated stationary entanglement between an opti-
cal cavity-mode and a macroscopic vibrating mirror in an op-

tomechanical system.[42] Later, Palomaki et al. experimen-
tally demonstrated this kind of entanglement.[43] Genes et al.
proposed the tripartite and the bipartite continuous variable en-
tanglement by placing a two-level atomic ensemble inside the
optomechanical system.[44]

In this paper, we propose a scheme for generating the
entanglement of two oscillating mirrors. The system consid-
ered consists of an optical cavity with two oscillating cavity-
mirrors, an atomic source, a Ramsey zone, and a detector of
atomic states. A two-level atom, coming from the atomic
source, enters into the optomechanical cavity and interacts
with the cavity-field. Meanwhile, the cavity-field also inter-
acts with the two oscillating cavity-mirrors. After the atom ex-
its from the cavity, it goes through a Ramsey zone, and then its
states are detected. In this way, we can generate the entangled
states of the two oscillating mirrors. Our scheme is different
from the previous ones. For example, Zhou et al.[45] inves-
tigated entanglement of two optomechanical oscillators and
two-mode fields induced by atomic coherence. The two modes
of the cavity field interact via the coherent three-level atoms
and also interact with one movable mirror, respectively, result-
ing in entanglement between the two movable mirrors. Liao
et al.[46] investigated the entanglement between two macro-
scopic mechanical resonators in a two-cavity optomechanical
system. Two cavity fields interact with each other via a sin-
gle photon exchange, and each cavity field interacts with a
mechanical resonator, and finally the entanglement of the two
mechanical resonators is generated.

The remainder of this paper is organized as follows. In
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Section 2, we give a description of our theoretic model. In
Section 3, we describe the process of the entanglement gen-
eration and derive the analytical expressions for the generated
entangled states. In Section 4, we discuss the measure of the
generated entangled states between the two mechanical mir-
rors, and analyze the effects of dissipations on the generated
entangled states. Finally, we discuss the experimental feasibil-
ity of our proposal and summarize our results in Section 5.

2. Model and theory
Our proposed scheme is shown in Fig. 1. A two-level

atom, coming from the atomic source, enters into the optome-
chanical cavity and interacts with the cavity-field. Meanwhile,
the cavity-field also interacts with the two oscillating cavity-
mirrors. After the atom exits from the cavity, it goes through a
Ramsey zone, and then its states are detected. The total Hamil-
tonian of the system can be written as follows:[47,48]

H = h̄ωcc†c+
h̄
2

ωaσz− ih̄gca
(
cσ+− c†

σ−
)

+ ∑
j=1,2

h̄ωmb†
jb j + h̄gcbc†c

[(
b†

2+b2

)
−
(

b†
1+b1

)]
, (1)

where c (c†) and b j (b
†
j) are the annihilation (creation) op-

erators of the cavity mode with frequency ωc and the me-
chanical modes with frequencies ωm, respectively. σz =

|e〉〈e| − |g〉〈g|, σ+ = |e〉〈g|, and σ− = |g〉〈e| are the Pauli
operators of the two-level atom with transition frequency ωa.
gcb = (ωc/L)

√
h̄/2mωm is the single-photon optomechanical

coupling strength between the cavity field and the mechani-
cal modes, with m the mass of the oscillating cavity-mirror,
and L the distance between the two cavity-mirrors at equilib-
rium. gca is the Jaynes–Cummings coupling strength between
the atom and the cavity field. In the interaction picture with re-
spect to H0 = h̄ωcc†c+ ∑

j=1,2
h̄ωmb†

jb j +
h̄
2 ωaσz, the interaction

Hamiltonian is given in the form

HI = h̄gcbc†c
[(

b†
2−b†

1

)
e iωmt +(b2−b1) e−iωmt

]
− ih̄gca

(
cσ+ e−i(ωc−ωa)t − c†

σ− e i(ωc−ωa)t
)
. (2)

Ramsey zone

atom source detector

e>

g>
ωa

Fig. 1. (color online) Sketch of the system. A two-level atom succes-
sively passes through a cavity optomechanical system with two oscillat-
ing cavity-mirrors and a Ramsey zone, and then its states are detected.

We consider the resonance condition ωc = ωm +ωa in
the following. When ωm� {gcb,gca}, the rapidly oscillating
terms can be neglected, and an effective Hamiltonian can be
derived by using the coarse-grained method[49]

Heff =
ih̄gcbgca

ωm

[
c
(

b†
2−b†

1

)
σ+− c† (b2−b1)σ−

]
−2h̄g2

cb
ωm

(
c†c
)2− h̄g2

ca

ωm

(
c†cσz +σ+σ−

)
, (3)

where the first term describes the three-part interactions,
which play a crucial role in generating the entangled states.
The second term leads to a Kerr-like effect of the cavity-field,
and the last term describes the photon-number dependent Stark
shifts.

3. Entanglement generation
We consider that initially the cavity is in a single-photon

state |1〉c and the mirrors are cooled to their ground states
|0〉m j

. The atomic source sends a two-level atom in the su-
perposition state (cosθ |e〉+ sinθ |g〉) into the cavity. Then
the initial state of the system can be written as

|ψ (0)〉= (cosθ |e〉+ sinθ |g〉) |1〉c |0〉m1
|0〉m2

. (4)

When the atom is in the cavity, the state of the system
satisfies the Schrödinger’s equation

ih̄
d
dt
|ψ (t)〉= Heff |ψ (t)〉 . (5)

Assuming that the atom leaves the cavity at time t1, we find

|ψ (t1)〉 = M1 (t1) |e〉 |1〉c |0〉m1
|0〉m2

+M2 (t1) |g〉 |1〉c |0〉m1
|0〉m2

+M3 (t1) |e〉 |0〉c |1〉m1
|0〉m2

+M4 (t1) |e〉 |0〉c |0〉m1
|1〉m2

, (6)

where

M1 (t1) = cosθ e2iL+t1 , (7)

M2 (t1) =
sinθ

R
[Rcos(Rt1)+ iL− sin(Rt1)] e i

g2
cb

ωm t1 , (8)

M3 (t1) = − sinθ

R
K sin(Rt1) e i

g2
cb

ωm t1 , (9)

M4 (t1) =
sinθ

R
K sin(Rt1) e i

g2
cb

ωm t1 , (10)

with R2 =
(
g4

cb +g4
ca
)
/ω2

m, L± =
(
g2

cb±g2
ca
)
/ωm, and K =

gcbgca/ωm. From Eq. (6), we can see that the four parts, i.e.,
the cavity, the atom, and the two mechanical mirrors are in an
entangled state.

When the atom is not in the cavity, there is no interaction
between the atom and the optomechanical system (gca = 0),
and the effective Hamiltonian of the system becomes

H ′eff =−
2h̄g2

cb
ωm

(
c†c
)2
. (11)
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After the atom leaves the optomechanical system at time
t1 and before it arrives at the detector at time t2, on one
hand, the state of the system evolves according to U (t) =
exp
[
− i

h̄ H ′eff t
]
, and on the other hand, we let the atom pass

through a Ramsey zone with a classical π/2 pulse, which
transforms the atomic states as |e〉 → (|e〉+ |g〉)/

√
2 and

|g〉 → (−|e〉+ |g〉)/
√

2, then the state of the system at time
t2 can be found as

|ψ (t2)〉=
1√
2N−
|e〉 |Ψ− (t2)〉+

1√
2N+

|g〉 |Ψ+ (t2)〉 , (12)

where

|Ψ± (t2)〉 = N±[J± (t1,τ) |1〉c |0〉m1
|0〉m2

+M3 (t1) |0〉c |1〉m1
|0〉m2

+M4 (t1) |0〉c |0〉m1
|1〉m2

], (13)

and

N± = [1± (M1 (t1)M∗2 (t1)+M2 (t1)M∗1 (t1))]
−1/2 ,

J± (t1,τ) ≡ [M1 (t1)±M2 (t1)] e i
2g2

cb
ωm τ , τ = t2− t1. When the

atomic states are detected, the other three parts, i.e., the cavity
and the two mechanical mirrors will collapse to the entangled
states |Ψ± (t2)〉, here the + and − signs correspond to the de-
tected atomic states |g〉 and |e〉, respectively. The tripartite
entangled states |Ψ± (t2)〉 are generated with the probabilities
P± =

[
2N2
±
]−1, respectively. It can be seen that the generated

tripartite entangled states are analogous to the W states.
The reduced density matrix of the two mechanical

modes is ρ(m) (t2) = Trc [|Ψ± (t2)〉〈Ψ± (t2)|], and in the basis
{|0m10m2〉 , |0m11m2〉 , |1m10m2〉 , |1m11m2〉}, it can be expressed
as

ρ
(m) (t2) =


ρ
(m)
11 0 0 0
0 ρ

(m)
22 ρ

(m)
23 0

0 ρ
(m)
32 ρ

(m)
33 0

0 0 0 0

 , (14)

where ρ
(m)
11 = N2

± |M1 (t1)±M2 (t1)|2, ρ
(m)
22 = N2

± |M4 (t1)|2,
ρ
(m)
33 = N2

± |M3 (t1)|2, ρ
(m)
23 = N2

±M4 (t1)M∗3 (t1), and ρ
(m)
32 =

N2
±M3 (t1)M∗4 (t1) . It can be seen that this reduced density ma-

trix is only dependent on t1, the time the atom inside the cav-
ity, which is determined by the atomic velocity and the cavity
length. It does not depend on τ = t2− t1, the time from the
atom leaving the cavity to the atom arriving at the detector.

4. Entanglement measure and dissipative dy-
namics
In the previous section, we have obtained the entangled

states between the two mechanical mirrors. In this section,

we give a proper description and quantification of the entan-
glement. The concurrence C jk (t) introduced by Wooters is
defined as[50]

C jk (t) = max{0,λ1 (t)−λ2 (t)−λ3 (t)−λ4 (t)} , (15)

where λi (t) are the eigenvalues (in decreasing or-
der) of the Hermitian matrix

[√
ρ jkρ̃ jk

√
ρ jk
]1/2, ρ̃ jk =

(σy⊗σy)ρ∗jk (σy⊗σy), ρ∗jk is the complex conjugate of ρ jk,

and σy is the Pauli matrix
(

0 −i
i 0

)
.
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Fig. 2. (color online) The time evolution of the concurrence Cm1m2 .
Here, T1 = gcbt1 is the scaled time. The parameters ωm = 2π×107 Hz,
gcb = 0.05ωm, gca =

√
2gcb, θ = π/2.
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Fig. 3. (color online) (a) The variation of the concurrence Cm1m2 with η

(gca/gcb). The parameter θ = π/2. (b) The variation of the concurrence
Cm1m2 with θ . The parameter gca =

√
2gcb. Other common parameters

ωm = 2π×107 Hz, gcb = 0.05ωm, T1 = 14.

As we have noted from Eq. (14) that the reduced state of
the two mechanical modes does not depend on τ , it only de-
pends on t1, which is determined by the atomic velocity and
the cavity length. So the concurrence of this state will also
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have these properties. From Fig. 2, we can see that the con-
currence Cm1m2 changes with time t1 periodically. We can also
examine the effects of the parameters η = gca/gcb (the ratio
of the atom–cavity coupling strength and the single-photon
optomechanical coupling strength) and θ (the initial atomic
state) on the degree of entanglement. Figure 3(a) shows the
variation of the concurrence Cm1m2 versus η . With the increase
of η , the oscillation amplitude of the concurrence Cm1m2 de-
creases. Figure 3(b) describes the influence of θ on the con-
currence Cm1m2 . The maximum concurrence occurs at about
θ = π/2, i.e., the atom is initially in the ground state |g〉. From
Eq. (3), we know that the first term of the Hamiltonian de-
scribes the interaction of three parts, which is very important
to the generation of the entangled states. Remember that in
this paper we consider the resonance condition ωc = ωm +ωa.
When a photon of the cavity field annihilates, the atom makes
a transition from the ground state |g〉 to the excited state |e〉,
at the same time, either of the two mechanical modes creates a
phonon, and the two phonons from the two mechanical modes
are in an entangled state. When the atom is initially in the ex-
cited state |e〉, for it to make a transition to the ground state |g〉,
one needs to annihilate a phonon from one of the two mechan-
ical modes [see the term c† (b2−b1)σ− in Eq. (3)]. However,
since the initial states of the two mechanical modes are ground
states |0〉m1

|0〉m2
, this process cannot occur, and in turn, the

entanglement cannot be generated.
In the above discussion, we do not take into account the

dissipation in the processes of the state-generation. Now we
discuss the effects of the dissipation on the dynamics of the
system after the tripartite entangled states |Ψ±〉 have been gen-
erated. For simplicity, we assume that the cavity and the two
mechanical mirrors are coupled to their baths at zero temper-
ature, then the dynamics can be described by the following
master equation:[51]

dρ

dt
= − i

h̄

[
H ′eff,ρ

]
+

γc

2
(
2cρc†− c†cρ−ρc†c

)
+ ∑

j=1,2

γm j

2

(
2b jρb†

j −b†
jb jρ−ρb†

jb j

)
, (16)

where γc and γm j are the decay rates of the cav-
ity and the mechanical mirrors, respectively. We an-
alyze the dissipation process beginning from the state
ρ (0) = |Ψ+〉〈Ψ+|. The density matrix ρ (t) in the ba-
sis {|1〉 ≡ |000〉 , |2〉 ≡ |001〉 , |3〉 ≡ |010〉 , |4〉 ≡ |100〉} (here
l,m,n denote the photon-number of the cavity mode and the
phonon-number of the mechanical modes, respectively) can
be written as

ρ (t) =


ρ11 0 0 0
0 ρ22 ρ23 ρ24
0 ρ32 ρ33 ρ34
0 ρ42 ρ43 ρ44

 . (17)

The time evolution of the matrix elements can be ex-
pressed as

dρ11

dt
= γcρ44 + γm1ρ33 + γm2ρ22,

dρ22

dt
=−γm2ρ22,

dρ33

dt
=−γm1ρ33,

dρ44

dt
=−γcρ44,

dρ23

dt
=−Γ3ρ23,

dρ24

dt
=−(iΛ +Γ2)ρ24,

dρ32

dt
=−Γ3ρ32,

dρ34

dt
=−(iΛ +Γ1)ρ34,

dρ42

dt
= (iΛ −Γ2)ρ42,

dρ43

dt
= (iΛ −Γ1)ρ43, (18)

with Λ = 2g2
cb/ωm, Γ1 = (γc + γm1)/2, Γ2 = (γc + γm2)/2,

Γ3 = (γm1 + γm2)/2. The solution of Eq. (18) can be found as

ρ11 (t) = |M1 +M2|2 fc + |M3|2 fm1 + |M4|2 fm2 ,

ρ22 (t) = |M4|2 e−γm2 t , ρ33 (t) = |M3|2 e−γm1 t ,

ρ44 (t) = |M1 +M2|2 e−γct , ρ23 (t) = M4M∗3 e−Γ3t ,

ρ24 (t) = (M1 +M2)
∗M4 e−(iΛ+Γ2)t , ρ32 (t) = M3M∗4 e−Γ3t ,

ρ34 (t) = (M1 +M2)
∗M3 e−(iΛ+Γ1)t ,

ρ42 (t) = (M1 +M2)M∗4 e(iΛ−Γ2)t ,

ρ43 (t) = (M1 +M2)M∗3 e(iΛ−Γ1)t , (19)

with fc (t) = 1− e−γct , fm1 (t) = 1− e−γm1 t , fm2 (t) = 1−
e−γm2 t .

The reduced density matrix for the two mechanical modes
is ρ(m) (t) = Trc [ρ (t)]. It can be expressed as

ρ
(m) (t) = N2

+{[ρ11 (t)+ρ44 (t)] |00〉〈00|

+ρ22 (t) |01〉〈01|+ρ33 (t) |10〉〈10|

+ρ23 (t) |01〉〈10|+ρ32 (t) |10〉〈01|}. (20)
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0.2

0
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
m
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200 400 600 800 1000

T

Fig. 4. (color online) The time evolution of the concurrence Cm1m2 (t).
Here T = gcbt is the scaled time. The parameters ωm = 2π × 107 Hz,
gcb = 0.05ωm, gca =

√
2gcb, θ = π/2, γc = 0.05gcb, γm1 = γm2 =

0.005gcb, T1 = 14.

Once again, we use the concurrence Cm1m2 (t) to measures
the entanglement of the two mechanical oscillators. By using
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the reduced density matrix (20), we can calculate the concur-
rence Cm1m2 (t), and the time evolution of Cm1m2 (t) is shown
in Fig. 4. It can be seen that the degree of entanglement de-
creases nearly exponentially with the increase of time and be-
comes zero eventually.

5. Discussion and conclusion
We now discuss the experimental feasibility of our

scheme. We consider an ideal case for the entanglement gen-
eration process, in which the loss of the system is neglected .
In our scheme, we use the condition ωm�{gcb,gca}. Our sys-
tem needs to work in the strong coupling regime {gcb,gca} �
{γc,γm}.[52]

The cavity is initially prepared in a single photon state,
which can be realized by passing a two-level atom in the ex-
cited state through the cavity with a π-pause duration.[48] The
two mechanical mirrors are prepared in their ground states,
which can be realized by the ground state cooling method.[39]

In summary, we have proposed a novel scheme for gen-
erating the entanglement of two oscillating mechanical mir-
rors. The system considered consists of an optical cavity with
two oscillating cavity-mirrors, an atomic source, a Ramsey
zone, and a detector for atomic states. The degree of entan-
glement is measured by the concurrence. We find that the con-
currence can be controlled by the atomic velocity, the cavity
length, the initial states of the atom, the optomechanical cou-
pling strength, and the atom–cavity coupling strength. We in-
vestigate the influences of the dissipations on the dynamics of
the generated entangled states, and find that the degree of en-
tanglement nearly exponentially decreases with the increase of
time.
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dral V, Zeilinger A and Aspelmeyer M 2007 Phys. Rev. Lett. 98 030405

[43] Palomaki T A, Teufel J D, Simmonds R W and Lehnert K W 2013
Science 342 710

[44] Genes C, Vitali D and Tombesi P 2008 Phys. Rev. A 77 050307
[45] Zhou L, Han Y, Jing J T and Zhang W P 2011 Phys. Rev. A 83 052117
[46] Liao J Q, Wu Q Q and Nori F 2014 Phys. Rev. A 89 014302
[47] Shahidani S, Naderi M H and Soltanolkotabi M 2013 Phys. Rev. A 88

053813
[48] Raimond J M, Brune M and Haroche S 2001 Rev. Mod. Phys. 73 565
[49] James D F V and Jerke J 2007 Canadian Journal of Physics 85 625
[50] Wootters W K 1998 Phys. Rev. Lett. 80 2245
[51] Gerry C C and Knight P L 2005 Introductory Quantum Optics (Cam-

bridge: Cambridge University Press)
[52] Nunnenkamp A, Borkje K and Girvin S M 2011 Phys. Rev. Lett. 107

063602

074209-5

http://dx.doi.org/10.1103/RevModPhys.81.865
http://dx.doi.org/10.1103/RevModPhys.81.865
http://dx.doi.org/10.1126/science.270.5234.255
http://dx.doi.org/10.1103/PhysRevLett.70.1895
http://dx.doi.org/10.1103/PhysRevLett.80.1121
http://dx.doi.org/10.1103/PhysRevLett.80.1121
http://dx.doi.org/10.1103/PhysRevA.61.042302
http://dx.doi.org/10.1103/PhysRevLett.68.557
http://dx.doi.org/10.1103/PhysRevA.56.1163
http://dx.doi.org/10.1103/PhysRevA.56.1163
http://dx.doi.org/10.1103/PhysRevLett.87.123602
http://dx.doi.org/10.1103/PhysRevLett.87.123602
http://dx.doi.org/10.1103/PhysRevA.77.062325
http://dx.doi.org/10.1103/RevModPhys.84.777
http://dx.doi.org/10.1103/PhysRevLett.103.063005
http://dx.doi.org/10.1103/PhysRevA.81.023816
http://dx.doi.org/10.1103/PhysRevA.83.052117
http://dx.doi.org/10.7498/aps.61.150303
http://dx.doi.org/10.7498/aps.61.150301
http://dx.doi.org/10.1038/nature10122
http://dx.doi.org/10.1103/PhysRevLett.109.183901
http://dx.doi.org/10.1103/PhysRevLett.109.183901
http://dx.doi.org/10.1038/nature04279
http://dx.doi.org/10.1038/nature07125
http://dx.doi.org/10.1103/PhysRevLett.75.4337
http://dx.doi.org/10.1103/PhysRevA.79.042336
http://dx.doi.org/10.1103/PhysRevLett.79.1
http://dx.doi.org/10.1038/35096524
http://dx.doi.org/10.1103/PhysRevA.90.054302
http://dx.doi.org/10.1103/PhysRevLett.81.3631
http://dx.doi.org/10.1038/nature00784
http://dx.doi.org/10.1126/science.1195596
http://dx.doi.org/10.1103/PhysRevA.81.041803
http://dx.doi.org/10.1103/PhysRevA.88.013804
http://dx.doi.org/10.1088/1674-1056/26/7/074207
http://dx.doi.org/10.1103/PhysRevLett.107.133601
http://dx.doi.org/10.1103/PhysRevLett.107.133601
http://dx.doi.org/10.1103/PhysRevLett.101.263602
http://dx.doi.org/10.1103/PhysRevLett.101.263602
http://dx.doi.org/10.1103/PhysRevA.80.033807
http://dx.doi.org/10.1103/PhysRevA.56.4175
http://dx.doi.org/10.1103/PhysRevA.91.013842
http://dx.doi.org/10.1103/PhysRevA.78.013824
http://dx.doi.org/10.1103/PhysRevA.78.013824
http://dx.doi.org/10.1103/PhysRevA.79.063819
http://dx.doi.org/10.1103/PhysRevLett.99.093901
http://dx.doi.org/10.1103/PhysRevLett.99.093901
http://dx.doi.org/10.1038/nature10261
http://dx.doi.org/10.1038/nature10261
http://dx.doi.org/10.1088/0256-307X/33/1/014202
http://dx.doi.org/10.1088/0256-307X/33/1/014202
http://dx.doi.org/10.7498/aps.61.144210
http://dx.doi.org/10.7498/aps.61.144210
http://dx.doi.org/10.1103/PhysRevLett.98.030405
http://dx.doi.org/10.1126/science.1244563
http://dx.doi.org/10.1126/science.1244563
http://dx.doi.org/10.1103/PhysRevA.77.050307
http://dx.doi.org/10.1103/PhysRevA.83.052117
http://dx.doi.org/10.1103/PhysRevA.89.014302
http://dx.doi.org/10.1103/PhysRevA.88.053813
http://dx.doi.org/10.1103/PhysRevA.88.053813
http://dx.doi.org/10.1103/RevModPhys.73.565
http://dx.doi.org/10.1139/p07-060
http://dx.doi.org/10.1103/PhysRevLett.80.2245
http://dx.doi.org/10.1103/PhysRevLett.107.063602
http://dx.doi.org/10.1103/PhysRevLett.107.063602

	1. Introduction
	2. Model and theory
	3. Entanglement generation
	4. Entanglement measure and dissipative dynamics
	5. Discussion and conclusion
	References

