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We propose a robust scheme to prepare entangled states among two 8’Rb Bose-Einstein Condensates
(BECs) via a stimulated Raman adiabatic passage (STIRAP) technique. The atomic spontaneous radiation,
the cavity decay, and the fiber loss are efficiently suppressed by engineering an adiabatic passage. The
simulation also shows that we can generate this entanglement state with high fidelity.
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1. Introduction

Entanglement between distant subsystems is the crucial ingre-
dient for practical quantum information systems [1-3]. In recent
years fairish attention has been paid to exploit suitable coherent
dynamics to prepare quantum entanglement between distant sub-
systems [4-9]. Atoms are trapped in separated cavities connected by
optical fiber and coherent controlled by lasers are good candidates to
create distant entanglement [10-15]. The main problem in this
method is the decoherence due to leakage of photons from the
cavity (fiber) and spontaneous radiation of the atoms.

The technique of stimulated Raman adiabatic passage (STIRAP)
has some advantages in QIP because decoherence due to sponta-
neous emission from excited states can be compressed and it is
also robust against some experimental parameter errors [16-22].
A number of theoretical protocols for entangling atoms have been
proposed based on the adiabatic passage [23-29].

The Bose-Einstein condensate (BEC) is an ideal candidate for
quantum bit because it has long storage times, high write-read
efficiencies, and excellent internal-state preparation [30,31].
Recently, entanglement generation with Bose-Einstein condensate
(BEC) was theoretically proposed [32-35] or experimentally rea-
lized [36,37]. In this paper, we will present a scheme for generat-
ing entangled state for spatially 8’Rb BECs via STIRA techniques.
Two 87Rb BECs are trapped in two distant double-mode optical
cavities that are connected by an optical fiber. By choosing
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appropriate drive laser pulses we can create an entangled atomic
state. The usage of the STIRAP technique in our scheme keeps fiber
mode and the atomic excited states unpopulated during the whole
interaction process so that the proposal is robust to atomic
spontaneous emission noise and fiber loss.

2. The fundamental model

We consider the situation described in Fig. 1, where two 8’Rb
BECs are trapped in two distant double-mode optical cavities,
which are connected by an optical fiber. The 8’Rb atomic levels and
transitions are also depicted in this figure [38,39]. The states |g;),
180), Igr) and |g,) correspond to |F=1, mp=—1), |[F=1, mp=0),
IF=1, mg=1) of 551/2 and |F=2, mg=0) of 551/2, while ler), leo)
and |eg) correspond to |[F=1, mg=—1), [F=1, mg=0) and
[F=1, mp=1) of 5P3,, respectively. The atomic transition
|g4) <> leg) of BEC in cavity A is driven resonantly by a z-polarized
classical field with Rabi frequency €24; [€g)a <> |1gr)a (|€0)a <> |€1)a) iS
resonantly coupled to the cavity mode a; (ag) with coupling constant
ga. The atomic transition |g;)p < |eL)s (I€r)s < ler)p) of BEC in cavity
Bis driven resonantly by a z-polarized classical field with Rabi
frequency €2g; lep)s <> 2008 (l€r)B <> |80)8) IS resonantly coupled to
the cavity mode a; (ag) with coupling constant gg. Here we consider
BEC for a single excitation, the single excitation states is described by

the state vectors |Gp)=(1/vNm) X 1180)i1x2)i @} _ 142 18001k
and |Ep)=(1/vNm) X\ lepilra)i ¥ 1x.j180% ik (F=a.0,
L,R), here Ny, = N4 (Np) denotes the atom number of BEC in a cavity
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Fig. 1. Two ®7Rb BECs are trapped in two distant double-mode optical cavities, which are connected by an optical fiber. The states |g;), |go), |gz) and |g,) correspond to
[F=1, mg=—1), [F=1, m¢=0), [F=1, mg=1) of 55, and |[F=2,mg=0) of 5S5;,,, while |e;), |ep) and |eg) correspond to [F=1, mg=—1), |[F=1, mg=0) and
|[F=1, mg=1) of 5P3,. The atomic transition |g,)« |ey) of BEC atoms in cavity A is driven resonantly by a z-polarized classical field with Rabi frequency 4;
leo)a <> 1814 (leo)a <> 18r)a) is resonantly coupled to the cavity mode a; (ag) with coupling constant g,. The atomic transition |g; )z <> |eL)s (18z)s < |er)s) of BEC atoms in cavity B
is driven resonantly by a z-polarized classical field with Rabi frequency ©2g; |er)s < |80)5 (leL)s <> |80)5) is resonantly coupled to the cavity mode a; (ag) with coupling constant

8-

A(B), |...); describes the state of the jth atom in the BEC, and y; and y,
are spatial wave functions [37].

Initially, if two BECs are prepared in the state |Gq)4 and |Gg)g,
the cavity mode is in the vacuum state. In the rotating wave
approximation, the interaction Hamiltonian of the BEC-cavity
system can be written as (setting 7=1) [40]

Hoe= Y (VNaa(®)|Eo)a(Gal+ v/Naga(t)aalEo)a(Grl

k=LR
+/Np£25(0) [Ex)p(Gr| + /Npgp()ag|Ex)p(Gol +H.c.). (1

In the short fibre limit, the coupling between the cavity fields and
the fiber modes can be written as the interaction Hamiltonian
[11,12,15]

Hcf =k Z;-Rl/k[bk(a/{k+ag)k)+H.C.]. (2)

In the interaction picture the total Hamiltonian now becomes
H1=Hac+Hcf- (3)

3. Generation of the BEC entanglement state

In this section, we begin to investigate the generation of the
BEC entangled state in detail. The time evolution of the whole
system state is governed by the Schrodinger equation

.0

iy () = Hily (1)). €]
The subspace S spanned by states

[$h1) = 1Ga)alGo)s|0000)c|00),

|¢2) = |E0)a1Go)510000)|00)y,
|¢3) = 1G1)alGo)s|1000)|00),

|h4) = IGRY4|Go)510100)c|00)y,

|¢p5) = |GL)alGo)B|0000):|10)y,

|pe) = |GR)alGo)s|0000):|01)y,

|¢p7) = |GL)alGo)|0010):|00);,

|¢pg) = |GR)alGo)s|0001):|00)y,

|¢pg) = |GL)alEg)510000)c|00)f,

|10) = IGr)alEL)8|0000) |00,

|11) = |GL)a|GR)B|0000) |00y,

|¢12) = |GRr)alGL)8|0000) |00y, (5)

is an 12-dimensional invariant subspace of the Hamiltonian (3)

[41]. |nar, nag, npL, ngg)e denotes the field state with nu; (i=L, R)

photons in the i polarized mode of cavity A, ng; in the i polarized

mode of cavity B, and |n;, ng); represents n; photons in i polarized

mode of the fiber. The Hamiltonian H; has the following dark state:

ID(t)y = K{2g82p(t|p1) — L2a(DR2p(O)|p3)+ ) — |h7) — | Pg)]
—8p(OLADP11)+ P11} (6)

which is the eigenstate of the Hamiltonian corresponding to zero

eigenvalue. Here and in the following g;, £2; are real, and
K% = g20Q; +4Q; Q5 +2g22;. Under the condition

8a(t), gp(t) > L24(1), L25(0), (7)
we have
ID(D)) ~ 284(D)€2(D)|¢h1) — 8p(DL2a(O[Ih11)+ 1P 12)]- 3)

Suppose the initial state of the system is |¢,), if we design pulse
shapes such that

. gp(HQ2a(t)
tl“-—noch(t)QB(t)_ ’
i 80250

e +oogp(DRa(D) ©)
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