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Abstract

Based on the dispersive atom–field interaction, a scheme is proposed for deterministically
generating entanglement between two �-type atoms, which are trapped individually in two
spatially separated cavities coupled by an optical fibre. In the present scheme, it is found that
the atomic spontaneous decay and photon leakage out of the fibre can be efficiently suppressed
via choosing appropriately the frequency detuning of atom–field and the coupling intensity of
cavity–fibre, respectively. The influence of photon leakage out of the cavities is also discussed,
and the strictly numerical simulation shows that our proposal is good enough to demonstrate
the generation of entanglement between two distant atoms with high fidelity.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

Entanglement is known to play an essential role in
many quantum information processes, such as quantum
teleportation, quantum cryptography, quantum computers,
etc [1–9]. Over the past few years, a large number of
schemes have been proposed for generating entangled states
in various quantum systems [10–17], including semiconductor
quantum dots [13], cavity quantum electrodynamics (CQED)
[14], trapped ions [16] and so on. Among these quantum
systems, the CQED system is always favoured because of
its low decoherence rate [14] and has many advantages in
entanglement engineering [18]. Based on the theory of CQED,
researchers have already realized experimentally the entangled
sate of two Rydberg atoms crossing a nonresonant cavity
[19].

In recent years, more and more theory investigations have
been devoted to the generation of entanglement between atoms
trapped in distant optical cavities, through the detection of
leaking photons [20–22] or through the direct linking of the
cavities [23–30]. For example, Feng et al [20] proposed a
scheme for generating entangled state of two distant atoms
via the interference effects of polarized photons. However,

it is a probabilistic scheme as it depends on the detection of
the photons decaying from two leaking cavities and thus high
efficient photon detectors are required. Subsequently, based
on the cavity–fibre–cavity system, Serafini et al [25] proposed
a scheme for realizing highly reliable swap and entangling
gates via employing two two-level atoms trapped individually
in the spatially separated cavities. Using a similar set-up,
two schemes were proposed for deterministically generating
entanglement between two spatially separated atoms, through
the photon emission–absorption process [26] and adiabatic
passage [28], respectively. Multiatom and resonant interaction
schemes for generating entanglement between two remote
cavities connected by an optical fibre also have been proposed
in the paper [29]. Summing up the previous schemes, it is
noticed that most of them are based on the resonant atom–field
interaction, and then the atomic spontaneous emission usually
has a strong influence on the fidelity of realizing entanglement
[26, 29].

In this paper, based on the dispersive atom–
field interaction, we propose an alternative scheme for
deterministically generating entangled state of two �-type
atoms, which are trapped individually in two spatially
separated cavities coupled by an optical fibre. In the present

0953-4075/08/235502+06$30.00 1 © 2008 IOP Publishing Ltd Printed in the UK
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Figure 1. Two �-type atoms are trapped in two spatially separated cavities A and B, respectively. The cavities are linked by an optical fibre.

scheme, the influence of atomic spontaneous decay and photon
leakage from the fibre can be suppressed effectively via
choosing large atom–field detuning and appropriate fibre–field
coupling strength. As a result, the highly reliable entangled
state of two spatially separated atoms can be realized, based
on our scheme.

The remainder of this paper is organized as follows. In
section 2, we first describe the model under consideration
and then derive the effective Hamiltonian of the system. In
section 3, the generation of atomic entangled states is provided
and discussed. In section 4, we numerically simulated effects
of atomic spontaneous decay, photon leakage out of the cavities
and fibre. Finally, we conclude with a brief summary in
section 5.

2. Model and Hamiltonian

As shown in figure 1, we consider a cavity–fibre–cavity
system, consisting of two single-mode cavities (cavities A
and B) connected by an optical fibre. Two �-type atoms
are individually trapped in the cavities A and B. In the
cavity i (i = A, B), the atomic transition |g1〉i ↔ |e〉i
(with resonant frequency ωi

eg1
) is dispersively driven by a

classical field with center frequencies ωi . The cavity mode
with frequency νi dispersively interacts with the atomic
transition |g0〉i ↔ |e〉i (with resonant frequency ωi

eg0
). The

frequency detuning of cavity field from the atomic transition
|g0〉i ↔ |e〉i and classical field from the atomic transition
|g1〉i ↔ |e〉i are denoted as �iq

(
�iq = νi − ωi

eg0

)
and

�ic

(
�ic = ωi − ωi

eg1

)
, respectively. We have assumed

that the corresponding frequency detunings satisfy the two-
photon resonance condition �iq = �ic = �i in the following
computation.

Then, in the interaction picture, under the dipole and
rotating wave approximation, the interaction Hamiltonian of
the atom–cavity system can be written as (h̄ = 1) [34–36]

H ac
I =

∑
i=A,B

[−�i |e〉i〈e| + (�i |e〉i〈g1|

+ giai |e〉i〈g0| + h.c.)], (1)

where the symbol h.c. means the Hermitian conjugate and we
have taken the ground state |g0〉 as the energy origin for the
sake of simplicity. a

†
i and ai are the creation and annihilation

operators associated with the corresponding quantized cavity
modes. �i and gi denote the one-half Rabi frequency and
atom–field coupling constant, respectively. They are assumed
to be real in this paper, without loss of generality.

By applying standard quantum optical techniques [31],
under the large-detuning condition, |�i | � |�i |, |gi |, the
excited state |e〉i of an atom is only virtually excited in the
process of atom–field interaction. So, we can adiabatically
eliminate the excited state |e〉i and obtain the effective
Hamiltonian [24, 32, 33]

H ac
eff1 =

∑
i=A,B

[
g2

i

�i

a
†
i ai |g0〉i〈g0| +

�2
i

�i

|g1〉i〈g1|

+

(
gi�i

�i

ai |g1〉i〈g0| + h.c.

)]
, (2)

where the first two terms represent cavity- and laser-induced
atomic level shifts, respectively. The last two terms correspond
to the effective Raman coupling rates. According to [32], the
terms of cavity- and laser-induced atomic level shifts can be
compensated for quite straightforwardly via using two second
lasers which couple the corresponding atomic levels |g0〉i and
|g1〉i nonresonantly with two additional levels farther up in the
atomic level scheme. Then, the effective Hamiltonian can be
further reduced as

H ac
eff2 = �eAaA|g1〉A〈g0| + �eBaB |g1〉B〈g0| + h.c., (3)

where �ei = gi�i

�i
is the effective Rabi frequency for the

corresponding Raman transition |g0〉i → |e〉i → |g1〉i .
In the short fibre limit (2Lν̄)/(2πc) � 1, where L is the

length of the fibre and ν̄ is the decay rate of the cavity field
into a continuum of fibre modes, the interaction Hamiltonian
for the cavity fields coupled to the fibre modes reads [25]

H cf
I = η

[
b
(
a
†
A + a

†
B

)
+ h.c.

]
, (4)

where b is the resonant mode of the fibre, when it interacts with
the cavity modes ai . η denotes the corresponding coupling
strength between the cavity and the fibre. The relative phase ϕ

between two cavity modes, which is due to the propagation of
the field through the fibre of length L, has been absorbed into
the cavity mode a

†
B [26].

Lastly, in the interaction picture, the total Hamiltonian of
this cavity–fibre–cavity system can be written as

HI = H ac
eff2 + H cf

I

= �eAaA|g1〉A〈g0| + �eBaB |g1〉B〈g0|
+ ηb

(
a
†
A + a

†
B

)
+ h.c. (5)

3. Entanglement of two atoms

In this section, we begin to study the generation of
entanglement between two spatially separated �-type atoms.

2
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First, we will show that an extremely entangled state of
the atoms |
e〉 = (|g1〉A|g0〉B + |g0〉A|g1〉B)/

√
2 can be

deterministically generated in an ideal situation. Introduce
three normal bosonic modes c and c± by the canonical
transformations [25]

c = (aA − aB)/
√

2, c± = (aA + aB ±
√

2b)/
√

2. (6)

Then, based on the new bosonic operators, the Hamilton (5)
can be re-expressed as

HI = 1
2 [�eA(e−i

√
2ηt c+ + ei

√
2ηt c− +

√
2c)|g1〉A〈g0|

+ �eB(e−i
√

2ηt c+ + ei
√

2ηt c− −
√

2c)|g1〉B〈g0| + h.c.].

(7)

It can be easily seen from equation (7) that the normal mode c
resonantly interacts with the atomic transitions |g0〉A ↔ |g1〉A
and |g0〉B ↔ |g1〉B ; however, the normal modes c± are
off-resonant from the corresponding atomic transitions with
frequency detunings ±√

2η. So, the off-resonant modes can
be safely neglected under the limit |η| � |�eA|, |�eB |, and
the Hamiltonian (7) becomes

HI = 1√
2
(�eAc|g1〉A〈g0| − �eBc|g1〉B〈g0| + h.c.). (8)

Now, the time evolution of our system will be governed
by the Hamiltonian (8) and the Schrödinger equation (h̄ = 1)

i
∂

∂t
|ψ(t)〉 = HI |ψ(t)〉. (9)

Consider that at the initial time the system is in the state
|ψ(0)〉 = |g1〉A|g0〉B |0〉c, where |0〉c denotes the vacuum state
of the normal mode c. Then, the state of the system at time t,
|ψ(t)〉 can be expressed as

|ψ(t)〉 = C1|φ1〉 + C2|φ2〉 + C3|φ3〉
= C1|g1〉A|g0〉B |0〉c + C2|g0〉A|g1〉B |0〉c

+ C3|g0〉A|g0〉B |1〉c, (10)

where |φ1〉, |φ2〉 and |φ3〉 compose the subspace of system
evolvement. Associating with equations (9) and (10), we can
get the expressions of coefficients Cj (j = 1,2,3),

C1 =
Cos

(√(
�2

eA + �2
eB

)/
2t

)
�2

eA

�2
eA + �2

eB

+
�2

eB

�2
eA + �2

eB

, (11a)

C2 = −
Cos

(√(
�2

eA + �2
eB

)/
2t

)
�eA�eB

�2
eA + �2

eB

+
�eA�eB

�2
eA + �2

eB

,

(11b)

C3 =
i Sin

(√(
�2

eA + �2
eB

)/
2t

)
�eA√

�2
eA + �2

eB

. (11c)

From the above equations, we note that the state of system will
evolve into the state |
e〉|0〉c (corresponding to C1 = C2 =
1/

√
2, C3 = 0) under the condition �eB = (1 +

√
2)�eA,

when t =
√

2mπ√
�2

eA+�2
eB

(m = 1, 3, 5, . . .). The state |
e〉|0〉c =
1√
2
(|g1〉A|g0〉B +|g0〉A|g1〉B)⊗|0〉c is a product state of the two-

atom entangled state |
e〉 and the vacuum state |0〉c, and hence

0
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6eAt
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1
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e

(b)

(a)

Figure 2. The fidelity Fe for realizing the extremely entangled state
|
e〉 versus time �eA t and ratio coefficient s (a); versus deviation s
when �eAt = 1.7 (b).

we get an extremely entangled state (|
e〉) of two spatially
separated atoms, which is completely separated from the cavity
fields and fibre modes.

Summing up the above discussions, it is noted that the
extremely entangled state, |
e〉, can be deterministically
generated in an ideal situation, which includes �eB = (1 +√

2)�eA. But there exists usually some deviation of the ratio
coefficient between two effective Rabi frequencies from the
value 1 +

√
2 in practical situations. In order to study the

influence of this deviation on the fidelity Fe of realizing atomic
entangled state, we present the three-dimensional figure of the
dependence of Fe on �eAt and ratio coefficient s, as shown in
figure 2(a). The fidelity Fe is defined as Fe = |c〈0|〈
e|ψ(t)〉|2
and the ratio coefficient s satisfies the equation �eB = s�eA. It
is clearly shown from figure 2(a) that Fe will reach periodically
the maximal value, and it is highly stable to the deviation of the
ratio coefficient s from the condition s = 1 +

√
2 ≈ 2.4, with

which the atomic entangled state can be realized determinately.
To see this high stability of Fe more clearly, we also plot the
two-dimensional curve of Fe versus s in figure 2(b), when
�eAt = 1.7. From figure 2(b), it is noted that there is just a
little decrease (∼0.12%) of the fidelity Fe compared to Fe = 1,
when the ratio coefficient s changes from s = 2.3 to 2.54. As
a result, based on our scheme, the atomic entangled state |
e〉
can also be realized with high fidelity (�99.88%), even that

3
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Figure 3. The fidelity of realizing the extremely entangled state |
e〉
versus coupling strength η when �eAt = 1.7, �eB = (1 +

√
2)�eA.

the ideal condition �eB = (1 +
√

2)�eA could not be satisfied
accurately in practical situations.

Up to now, the above discussions are all based on
the approximation of neglecting the nonresonant normal
modes c± under the condition |η| � |�eA|, |�eB |. It has
been shown that the entangled state |
e〉 can be realized
deterministically (Fe = 1) in an ideal situation, i.e., �eB =
(1 +

√
2)�eA,

√
�2

eA + �2
eBt = √

2mπ(m = 1, 3, 5, . . .),
under this approximation. In order to check the validity of
this approximation, we will directly solve the Schrödinger
equation (9) with the help of Hamiltonian (5). Consider
that at the initial time the system is in the state |ψ(0)〉 =
|g1〉A|g0〉B |0〉A|0〉f |0〉B , where |0〉A, |0〉f , |0〉B denote the
vacuum state of cavity A, cavity B and fibre mode, respectively.
Then, the whole system state at t time |ψ(t)〉 will be restricted
to the subspace with one excitation number spanned by the
basis vectors

|φ1〉 = |g1〉A|g0〉B |0〉A|0〉f |0〉B, (12a)

|φ2〉 = |g0〉A|g0〉B |1〉A|0〉f |0〉B, (12b)

|φ3〉 = |g0〉A|g0〉B |0〉A|1〉f |0〉B, (12c)

|φ4〉 = |g0〉A|g0〉B |0〉A|0〉f |1〉B, (12d)

|φ5〉 = |g0〉A|g1〉B |0〉A|0〉f |0〉B. (12e)

In this subspace, by solving numerically equation (9) with
the help of Hamiltonian (5), we give the effects of coupling
strength η on the fidelity of realizing the extremely entangled
state |
e〉, as shown in figure 3. The fidelity is defined as Fe =
|A〈0|f 〈0|B〈0|〈
e|ψ(t)〉|2 and the corresponding parameters
are chosen as �eAt = 1.7,�eB = (1 +

√
2)�eA. It is shown

from figure 3 that the fidelity Fe rapidly approaches Fe = 1,
which corresponding the result under the approximation of
neglecting nonresonant modes c± due to |η| � |�eA|, |�eB |,
with fluctuant way, and becomes more and more stable
to the coupling strength η along with its increase. More
specifically, the maximum value of Fe can almost reach 99.9%

and the minimum value also larger than 99.3%, when the
coupling strength |η| � 20|�eA| (� 10�eB). As a result, the
nonresonant normal modes c± can be safely neglected in our
scheme, when |η| � 20|�eA| (� 10�eB).

Before ending this section, it should be pointed out that
the propagation effects of field in the fibre have been neglected
in this paper. First, the relative phase ϕ between two cavity
modes, which is due to the propagation of the field through
the fibre of length L, can be absorbed into the annihilation and
creation operators of the mode of cavity B [26]. Moreover,
similar to the descriptions of [25], under the conditions of short
fibre limit (2Lν̄)/(2πc) � 1 and |η| � |�ei | (i = A, B), the
cavity–fibre–cavity system considered here can be reduced
to two atoms resonantly coupled through a single harmonic
oscillator, which has no contribution from the fibre mode b, as
shown in Hamiltonian (8). So, the system gets in this instance
insensitive to the influence of the fibre. So, the propagation
effects of field in the fibre can be effectively neglected in this
paper.

4. Effects of atomic spontaneous decay and
photon leakage

In this section, we will study the influence of atomic
spontaneous decay and photon leakage out of the cavities
and fibre on the generation of atomic entangled state |�e〉.
Using the density-matrix formalism, the master equation for
the density matrix of the whole system can be expressed as

ρ̇ = −i
[
H ac

I + H cf
I , ρ

] − γf

2
(b†bρ − 2bρb† + ρb†b)

−
∑

i=A,B

κi

2

(
a
†
i aiρ − 2aiρa

†
i + ρa

†
i ai

)

−
∑

j=g0,g1

[
γ

ej

Aa

2

(
σA

eeρ − 2σA
jeρσA

ej + ρσA
ee

)

− γ
ej

Ba

2

(
σB

eeρ − 2σB
jeρσB

ej + ρσB
ee

)]
, (13)

where H ac
I and H cf

I are given by equations (1) and (4),
respectively; γ

ej

Aa and γ
ej

Ba denote the spontaneous decay rates
of atoms from level |e〉i to |j 〉i (i = A, B), κi and γf denote
the decay rates of cavity fields and fibre mode, respectively;
σ i

mn = |m〉i〈n| denotes the usual Pauli matrix. By solving
numerically equation (13) in the subspace spanned by the
basis vectors (12) and |φ6〉 = |e〉A|g0〉B |0〉A|0〉f |0〉B, |φ7〉 =
|g0〉A|e〉B |0〉A|0〉f |0〉B , we present the effects of the decay
rates γa

(
γa = γ

eg0
a + γ

eg1
a

)
, κ and γf on the fidelity Fe of

generating atomic entangled state |
e〉, as shown in figure 4.
In the calculation, we have chosen all parameters reduced to
dimensionless units by scaling γ and γ

eg0
ia = γ

eg1
ia = γa/2 (i =

A, B), κA = κB = κ for simplicity, without loss of generality.
From figure 4, it is easily noted that the influence of decay
rates γa, κ and γf on the fidelity Fe is very little when κ =
γa = γf � 0.1γ . More specifically, the fidelity Fe still can be
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Figure 4. Fidelity of realizing the extremely entangled state |
e〉
versus time γ t for different decay rates κ (γa = γf = κ). The
corresponding system parameters are chosen as gA = 10γ,
gB = 23γ, �A = �B = 10γ, η = 25γ, �A = �B = −200γ .

larger than 96%, when κ = γa = γf = 0.1γ . In order to see
the influence of decay rates κ, γa and γf on Fe respectively,
we also plot the function curves for Fe versus κ, γa and γf in
figure 5. Comparing the main parts and inserted parts of
figures 5(a) and (b), we note that the influence of atomic
spontaneous decay rate γa and fibre decay rate γf on Fe is much
smaller than that of the cavity field decay rate κ , and hence they
can be neglected safely in our scheme. These numerical results
are very consistent with our discussions in above sections and
can be qualitatively explained as follows. Under the conditions
|�i | � |�i |, |gi | and |η| � |�ei |

(
�ei = gi�i

�i
; i = A, B

)
, the

atomic excited state |e〉i and fibre mode b are only virtually
excited in the whole interaction process, and hence the effects
of atomic decay rate γa and fibre decay rate γf are suppressed
strongly in figure 5, which satisfies the above conditions. It
is also shown from figure 5 that the low proper decay rate
(κ � 0.04γ ) of the cavity field is still required for getting
atomic entangled state with high fidelity (Fe � 98%) in our
scheme.

Before ending this section, let us briefly discuss the
experimental feasibility of our scheme. First, the �-type
energy level configurations for atoms A and B can be realized
by choosing the hyperfine-split levels for the D lines of cold
alkali-metal atoms [37, 38]. For instance, in the case of the
cesium atom with nuclear spin I = 7/2, the levels of atoms
and polarizations of cavity fields and classical fields can be
chosen as shown in figure 6 according to the selective rule
of photon absorption and emission. Second, based on the
recent experiments [39], the parameter conditions gA/2π ≈
750 MHz, γa/2π = γf /2π ≈ 7.5 MHz, κ/2π ≈ 3 MHz
(corresponding to the cavity quality factor Q ∼ 107) have been
achieved in a toroidal microcavity system with the cavity mode
wavelength about 852 nm. In addition, the corresponding
transition wavelenght

(
λeg0

)
of cesium atom considered here

is also about 852 nm [37], so the above system parameters are
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Figure 5. Fidelity of realizing the extremely entangled state |
e〉
versus κ and γa (a); versus κ and γf (b); when γ t = 6.1. The other
system parameters are same as in figure 4.

suited for our scheme. Based on those experiment parameters,
the other system parameters of our scheme can be chosen as
�A/2π = �B/2π ≈ 15 GHz, gB = 1.7 GHz,�A = �B =
750 MHz, η = 800 MHz. Then, the conditions κ � 0.04γ and
|η| � 20|�eA| (� 10|�eB |), which are required for realizing
atomic entangled sate with high fidelity, can be satisfied with
the above system parameters. Here, it should be pointed out
that the condition |η| � 20|�eA| (� 10|�eB |) dose not imply
that the value of |η| is very large, which is different from
[26, 29]. In the present scheme, the effective Rabi frequency
�ei = gi�i

�i
(i = A, B) and |�i | � |�i | and |gi |, and hence

|�ei | actually is a very small value in this situation. So, the
coupling strength between the cavity and the fibre, |η|, is not
required to be much large actually in our scheme. However,
we also should emphasize that the fidelity will be certainly
reduced in a real situation because the coupling between the
cavity and the fibre is not ideal in the current experiments
[40]. Lastly, along with the progress of fibre–cavity coupling
techniques, we believe that the atomic entangled state |
e〉
with oppositely high fidelity can be realized based on our
scheme.
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Figure 6. The �-type energy level configuration of the cesium
atom. σ− and σ + denote left and right circular polarization of light,
respectively.

5. Conclusion

In conclusion, based on the dispersive atom–field interaction,
we have proposed a scheme for deterministically generating
entanglement between two spatially separated �-type atoms.
In the present scheme, the atomic spontaneous decay and
photon leakage out of the fibre can be efficiently suppressed
because the excited sates of atoms and fibre mode are only
virtually excited in the whole interaction process. Moreover,
we also show that this scheme is highly stable to the deviation
of the ratio coefficient between two effective Rabi frequencies
from that in the ideal situation. Lastly, the experimental
feasibility of our scheme is discussed and as a result, it is
considered as a promising scheme for realizing entanglement
with high fidelity.
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[27] Lü X-Y et al 2008 Phys. Rev. A 78 032305
[28] Chen L B, Ye M Y, Lin G W, Du Q H and Lin X M 2007

Phys. Rev. A 76 062304
[29] Yin Z Q and Li F L 2007 Phys. Rev. A 75 012324
[30] Ye S Y, Zhong Z R and Zheng S B 2008 Phys. Rev.

A 77 014303
[31] Gardiner C W 1991 Quantum Noise (Berlin: Springer)
[32] Pellizzari T 1997 Phys. Rev. Lett. 79 5242
[33] Wu Y 1996 Phys. Rev. A 54 1586
[34] Wu Y, Wen L and Zhu Y 2003 Opt. Lett. 28 631
[35] Scully M O and Zubairy M S 1997 Quantum Optics

(Cambridge: Cambridge University Press) chapter 14,
p 409

[36] Wu Y and Yang X 2004 Opt. Lett. 29 839
[37] Steck D A 2001 http://steck.us/alkalidata
[38] Wu Y and Yang X 2004 Phys. Rev. A 70 053818
[39] Spillane S M, Kippenberg T J, Vahala K J, Goh K W, Wilcut E

and Kimble H J 2005 Phys. Rev. A 71 013817
Buck J R and Kimble H J 2003 Phys. Rev. A 67 033806
Armani D K, Kippenberg T J, Spillane S M and Vahala K J

2003 Nature (London) 421 925
Vernooy D W, Ilchenko V S, Mabuchi H, Streed E W and

Kimble H J 1998 Opt. Lett. 23 247
[40] Barclay P E, Srinivasan K, Painter O, Lev B and Mabuchi H

2006 Appl. Phys. Lett. 89 131108
Spillane S M, Kippenberg T J, Painter O J and Vahala K J

2003 Phys. Rev. Lett. 91 043902

6

http://dx.doi.org/10.1103/PhysRevLett.70.1895
http://dx.doi.org/10.1038/35005001
http://dx.doi.org/10.1126/science.270.5234.225
http://dx.doi.org/10.1038/37539
http://dx.doi.org/10.1364/JOSAB.24.000241
http://dx.doi.org/10.1103/PhysRevLett.67.661
http://dx.doi.org/10.1103/PhysRevLett.74.4083
http://dx.doi.org/10.1103/PhysRevA.72.062108
http://dx.doi.org/10.1103/PhysRevA.70.033812
http://dx.doi.org/10.1103/PhysRevA.73.032329
http://dx.doi.org/10.1103/PhysRevA.69.063803
http://dx.doi.org/10.1103/PhysRevA.76.053827
http://dx.doi.org/10.1088/0953-4075/41/15/155502
http://dx.doi.org/10.1088/0953-4075/41/3/035501
http://dx.doi.org/10.1209/0295-5075/82/64003
http://dx.doi.org/10.1103/PhysRevA.62.012305
http://dx.doi.org/10.1103/PhysRevLett.75.3788
http://dx.doi.org/10.1103/PhysRevA.52.3489
http://dx.doi.org/10.1103/PhysRevLett.81.3631
http://dx.doi.org/10.1103/PhysRevLett.74.4091
http://dx.doi.org/10.1103/RevModPhys.73.565
http://dx.doi.org/10.1126/science.1078446
http://dx.doi.org/10.1103/PhysRevLett.87.037902
http://dx.doi.org/10.1103/PhysRevLett.90.217902
http://dx.doi.org/10.1103/PhysRevLett.91.067901
http://dx.doi.org/10.1103/PhysRevLett.90.253601
http://dx.doi.org/10.1103/PhysRevLett.78.3221
http://dx.doi.org/10.1103/PhysRevLett.91.177901
http://dx.doi.org/10.1103/PhysRevLett.96.010503
http://dx.doi.org/10.1103/PhysRevA.75.062320
http://dx.doi.org/10.1103/PhysRevA.78.032305
http://dx.doi.org/10.1103/PhysRevA.76.062304
http://dx.doi.org/10.1103/PhysRevA.75.012324
http://dx.doi.org/10.1103/PhysRevA.77.014303
http://dx.doi.org/10.1103/PhysRevLett.79.5242
http://dx.doi.org/10.1103/PhysRevA.54.1586
http://dx.doi.org/10.1364/OL.28.000631
http://dx.doi.org/10.1364/OL.29.000839
http://steck.us/alkalidata
http://dx.doi.org/10.1103/PhysRevA.70.053818
http://dx.doi.org/10.1103/PhysRevA.71.013817
http://dx.doi.org/10.1103/PhysRevA.67.033806
http://dx.doi.org/10.1038/nature01371
http://dx.doi.org/10.1364/OL.23.000247
http://dx.doi.org/10.1063/1.2356892
http://dx.doi.org/10.1103/PhysRevLett.91.043902

