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Quantum entanglement of four distant atoms trapped in different optical cavities
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We propose a unified scheme to geneistates, Greenberger-Horne-Zeiling@HZzZ) states, and cluster
states of four distant atoms, which are trapped separately in leaky cavities. The proposed schemes require
linear optical elements and photon detectors with single-photon sensitivity. The quantum noise influences the
fidelity of the generated states. Further, based on the four-photon coincidence detection, we propose another
scheme to generate th& states and GHZ states of four distant atoms. The scheme is insensitive to the
guantum noise, but cannot be used to generate the cluster states.
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[. INTRODUCTION cavity field, decoherence caused by cavity decay can be ne-
glected.

Quantum entanglement is one of the most striking fea-" conditioned measurements offer a promising way to gen-
tures of quantum mechani¢s,2]. The recent surge of inter- g 5t entangled states. In RgE5], authors use photon de-
est and progress in quantum information theory allows one t@action on leaky cavities to implement the teleportation of
take a more positive view of entanglement and regard it as agiomic states and generate the Einstein-Podolsky-Rosen

essential resource for many ingenious applications such 3EPR state between two distant atoms. In REf6], Fidio
quantum cryptography3], quantum dense coding], and  anq vogel proposed a scheme for preparing Wetate of
quantum teleportatiofb]. Most of the research is based on {ee trapped atoms in leaky cavities. In Rgf7], we pro-

two-qubit entanglement. Since the Greenberger-Horneposed a scheme for generating GHZ states of many distant
Zeilinger (GHZ) state was introduced to test quantum non-aioms trapped in different cavities. Recently several efficient
locality without inequality[6], there has been much interest gchemes are proposed to engineer two-atom entanglement by
in the classification of multiparticle entangled states. It ha%sing two-photon coincidence detectiptg]. However, no
become clear that for the system shared by three parties theb?oposal is proposed for generating cluster states of many
are two inequivalent classes of entangled states, i.e., th§stant atoms. The aim of the present paper is to propose

GHZ state and thgV state[7]. For entangled states of four or gchemes to generate quantum entanglement of four distant
more parties, Briegel and Raussendorf introduced a neWioms.

class of entangled state, i.e., the cluster sfajeThe GHZ The paper is organized as follows. In Sec. Il, based on the

and W classes have found applications in testing quantunynoton detectors with single-photon sensitivity, we present a
nonlocality without inequality{6,9] and realizing quantum nified scheme to generate tNg states, GHZ states, and
information processingl0]. By employing the cluster class, ¢yster states of four distant atoms. In the scheme, the pho-
the concept of the one-way quantum computer was introgons which leak out of the four cavities, are emitted into a
duged, which describes a realization ofqua}ntum computatiogymmetric eight-port devicgl9] to become entangled and
which goes beyond the usual network pictyfd]. These  getected by four single-photon detectors. Based on the pho-
works motivated an intensive research in the generation angn detection of the output modes, the atom-cavity-system
the manipulation of entangled states of many qubits. HOWgiate js projected into the expected entangled states. The dis-
ever, how to design and realize quantum entanglement igqyantage of proposed schemes is to require a single-photon
extremely challenging due to the coupling with an environ-getector to distinguish zero photons, one photon, and more
mental degree of freedom. Various quantum systems havgan one photon. The quantum noise influences the fidelity of
been suggested as possible candidates for engineering quafe generated states. In Sec. IlI, by using four-photon coin-
tum entanglement. Among them the cavity QED system iS ajgence detection, we propose another scheme to generate
almost ideal system to generate entangled states and 10 Pgfe \ states and the GHZ states of four distant atoms. The
form small scale quantum information processibg. Inthe  gcheme is insensitive to the quantum noise, but cannot be

context of cavity QED, a number of theoretical methodsyseq to generate the cluster states of the four distant atoms.
were proposed to generate GHZ awd states[12,13. In  Einajly the conclusions are given in Sec. IV.
particular, the generation of the GHZ state of three particles

has been demonstrated experimentally in hgtcavities

[14]. Schemes of this type are based on the controlling of an !l. GENERATION OF THE W STATES, GHZ STATES,
effective interaction between atoms, which are intended to be AND CLUSTER STATES BASED ON THE
entangled. Since most of these schemes require aQigh- SINGLE-PHOTON DETECTORS

The experimental setup is shown in Figajl which con-
sists of four three-level atoms confined separately in four
*Electronic address: xzou@tet.uni-hannover.de optical cavities, and a symmetric eight-port device and four
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cavity 1

tion [20]. The evolution of the system’s wave function is
governed by a non-Hermitian Hamiltonian

%
|

cavity 2

Hjlej—ina}.aj, (3)

> as long as no photon decays from the cavity. Hetgi2 the

b decay rate of thgth cavity field, which is assumed to be for
all four cavities the samex;=«. If a single-photon detector
D; (j=1,2,3,9 detects a photon, the coherent evolution ac-

:
|

cavity 3

?

cavity 4

%
|

@ cording ton’ is interrupted by a quantum jump. This corre-
sponds to a quantum jump, which can be formulated with the
le) operatorsb; on the joint state vectors of four atom-cavity
j& systems
B) 1 1 . .
|2) b1:§(31+az+as+a4)a bzzé(al*"az‘as_'ad,
®)
_1 _1 . .
FIG. 1. (a) The schematic setup for generativig states, GHZ by = E(al —Qptaz—ay), by= 5(31 —iay—ag+ia,).
states, and cluster states of four distant atoms based on the single
photon detectionF, is a symmetric eight-port devidd 9] and D; (4)

are photon detectorﬂ_:)) The relevant level structure with ground | the preparation stage the initial state of each atom-cavity
states|g), [s), and excited statge). system isls))|0); (j=1,2,3,4, i.e., each atom is initially in

the metastable state and the cavity is in the vacuum state.
single-photon detectors. An extended introduction to theNow we switch on the Hamiltonia(®) in each atom-cavity
symmetric multiport device is given in RdfL9]. The action  system for a timer. If no photon is emitted from the cavity,
of the symmetric eight-port device can be described by thehe jth atom-cavity system is governed by the interactitjn

unitary operatolJ. The matrix element ob is given by In this case the atom-cavity state evolves to the entangled

state
1
Ugy= mygk_l)(l_l), (1) |P); = als)|0); + Blgp[L);, (5)

with

where y,=expiw/2) and indicesk, | denote the input and Q)

exit port. The matrix element,, gives the probability COS(QKT)_S"](—KT)K

amplitude for single photon entering via inpand leav- = 2Q,

ing the device by output (k,I=1,...,4. Referencd19] sinQ, Dk |2 sif(Q,n0?’

has shown how to construct a symmetric eight-port device cogQ,7) - 20) + 02

from mirrors, beam splitters, and phase shifters. Each of “ «

the three-level atomséindex j) has a ground statg;), a )

metastable stat¢s;), and an excited statge) [see Fig. B= sin(2, 1

1(b)]. The lifetime of the atomic level$s;) and |g;) are sinQ, Dk |2 sirf(Q,n0?’

assumed to be comparatively long so that spontaneous de- Qe cod€,7) - 20) + 02

cay of these states can be neglected. Bje- |e;) transi- “ “

tion is driven by the classical field and thg) < 1e1> tran- >

sition is driven by the quantized cavity field. Both the Q=307 - x4 (6)

classical laser field and the cavity field are assumed to behe probability that no photon is emitted during this evolu-
detuned from their respective transition by the same&jon becomes

amount. In the case of large detuning the excited é&?;te

can be eliminated adiabatically to obtain the effective in- ,  _ _, 0.7 sin(€,.7)« 2+ Sirf(Q, D Q?
teraction Hamiltoniar(in the interaction pictung single™ € COR2AT 20, 02 :
H] = |Q(aJ0'+J - aJrO'_J), (2) (7)

We assume that the interaction Hamiltoni@n is applied to
with the operatorsr,;=[s))(gj| ando_;=|g;)(sj]. aj’r anda; are  each atom-cavity system simultaneously, so that the prepara-
the creation and annihilation operators of fttecavity field. ~ tion of the atom-cavity stategl); ends at the same time.
Here we assumed that the effective coupling constants of allhis concludes the preparation stage of the protocol. The
the atoms coupled with their cavities is the same, denoted bgrobability that this stage is equal to the probability that no
Q. In order to investigate the quantum dynamics of the sysphoton decays during the preparation stage. This quantity is
tem, it is convenient to follow a quantum trajectory descrip-given by Pg,= P‘S‘ingle
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Now we consider the detection stage and demonstrate thevolution is given by(a?+ B%e72<!). At the timet, the joint
generation of/V states, GHZ states, and cluster states. In thistate of the total system becomes
:';/asgt]eehvg/einafﬁgrfr;? r:1hat we have prepared the four atom-cavity D)) = [W(1))| W))W (©)a T (1)), (10)
The detection of one photon with the detectdy (I
|D(0)) = [W)y| V)W) W)y, (8 =1,2,3,9 corresponds to a quantum jump, which can be

where the stat@), is given by Eq.(5). When the stat¢8) formulated with the operatds, on the joint statg®(t)). In

has been prepared, we turn off the laser pulse and wait foqrder to generate the/ states, we consider the events that
the one or two of fo’ur detectom,, D,, D3, andDy, to click one of the four detectors registers one photon and the other

We assume that photons are detected at the tirfi@is as- three detectors do not register any counts. For simplicity, we
sumption is posed to calculate the system’s time evolutior‘t?‘sstum‘E‘)thgt the(;jgteé:tﬁrl (tj((ajtetctstone pﬂo:on, Iant(:]_the de-
during this time interval in a consistent way with the “no- -c¢0rSY2, U3, andb, do not detect any photon. In this case,
photon emission Hamiltonian3). Notice that, in the detec- the combined state of the four atom-cavity systems is pro-
tion stage, we turn off the laser pulses, the atom-cavity inJeCteOI Into

teraction termH; of Eq. (3) is set to zero. In this case, the  |[W¥) =by|d(t))

state of thejth atom-cavity system at the timeevolves

; 1
into :5(|gl)|O>1|\If(t)>2|\lf(t)>3|\lf(t)>4 +|W(1))19p)
(V) = expl~ iH/ D), = ﬁ(ammj X [0 (O)3 W ()4 + (W) ¥ (0) g 00 ¥ (1)
B h + W)W )V (D)5lg)[0)), (11
+ BegHlD)). ©

with the success probabilitg?(1-e2<!). By tracing over the
The probability that no photon decay takes place during thigavity field, we obtain the state of four atoms

A 02 ~—2kt

1 o
pw = m{aﬁ|w4><w4| + 8% 9:)|02)92)|94)(911(Tl(gal(a4| + ﬂTe[(|91>|52>|53>|g4> + [s1)]92)[S3)9)

+151)[52)/919) (91/(S2l(S5l(Qu| + (S1(Q2(Sl(Tal + (s1l(S21(T3(Tal) + (|GD)[SGa)Sa) + [S)]9|G3)Sa) + [S1)[S2)|T3)|9))
X ((91l(s2/(Tl(sal + (s1/(G2{T5l(Sal + (S1/(s:I(T3{Ta]) + (|92)|F2)|Sa)Sa) + [S1)]T2)|T3)Sa) + [S1)]92)[S)|94)) ({91 [{D2l(S5 (4]
+ (s1(Qal{Qal(ss| + (s1l(@2l(s5l(aal) + (|90)[82)[S9)[Sa) + |9D[S2[G3)[Sa) + |91)S2)83)194)) ((1l{ Dol (S5l (S| + (T1/(S:I(T3] (54|

2

—4kt
- aseda] + L aplalalsd + 1516916910 (1@l + (sl(aiaa(ad) + (lavlaisdlan

+151)(92)/93194)) ((911(920(S5{ Q| + (S1/(T2(T3l(Qal) + (19)[S2)192)|9a) + 151]92)|93)94)) ({F1/(S5I{(T3{Ta| + (S1/(T2l{T3|(Tal)
+(|90192)9)[s8) + [91)15)193)194) ((91/(al{Tal{Sal + (1[{S2(T3l{Qal) + (|90)[92)[2)|9a) + |90)[S2)195)]9)) ({91{G2l(S5l( D

+(91/(s2[(a3l(aal) + (|90[92)/93)Is8) + |91)92)[55)|94)) ((91l(G2(T3l(sa + <91|<92|<53|<94|)]}a (12

where|W,) is the W-type entangled states of the four atoms  In order to quantify how close the stat&2) comes to the
W state, we calculate the fidelity

1
(W) = §(|91>|32>|33>|54> +sp[g)Isa)[sa) + [S1)[S2)[93)[s4) i
F=(WylpwWa) = —5 3.
+[spls2)sa)a)) - (13) (o + B2

If the time t>«™, e *'~0 and we can only retain the first The fidelity increases with increasing detection time and in-

term [Wy(W,| of Eq. (12) and neglect all the other terms. creasing ratida/ ).

This shows the obvious physical result that Whestate is Now we show how to generate GHZ states and cluster
created in the event that only one photon is registered duringtates of four distant atoms. For this purpose, we consider the
the timet> «~. During this period, the event that two, three, events that both of the four detectors detect one photon, re-
or four photons are registered has to be dropped. spectively, and the other two do not detect any photon. If

(14)
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detectordD, andD, detect one photon arid; andD5; do not  or vice versa, the state of the total system becomes projected
detect any photon, the state of the total system becomes praito

jected into L
W, = bob,| (1)) |W1g) = 5(||91>|O>1|92>|0>2|‘I’(t)>3|‘1'(t)>4 =[P (1)1 P(1)2lgs)
= %(|gl>|0>1|q’(t)>2|93>|0>3|q’(t)>4 X0)3]94)[0)4+ i]91)|0)1| W (£))2| ¥ (1))3]94)|0).)
v ~i[¥(0)1]02/0)910)W D)), (21)
+|W(1))1/92)|0)2| W(1))3/94)|0)s), (15)

. N ot which can be transformed into E(RO) by local operations.
with success probabilitg*(1-e ). If detectorsD; andD;  The success probability of the outcomesy1-e2<)2, By
detect one photon anid, and D, do not detect any photon, tracing over the cavity field of the statg0), we obtain the

the state of the total system becomes projected into state of four atoms
|W13) = bibg D(1)) 1 . o
1 pc= m a*|Co)(Cy| + B'e*91)|02)|92) |04
= —=(19[0)1| ¥ (1))2]ga)[0)3[ ¥ (D)4
v (k@ B fslalaladskaaiad
X92[(93[€94+ ———(|S1)192/(93)(94){S1/|{T2|<T3/{T

= [W ()10 ¥ (O)slan(0)s),  (16) T2 PR
which can be transformed into E€L5) by local operations. +191)152)93)194)(91/(S21(51(Gul*+ [92)192)[$3) 94)(91 /(G|
Thus we only consider the staté5). By tracing over the
cavity field, we obtain the state of four atoms X(s3(al + |92192)|93)[)(91/(G2l(g3l(s4)) | (22

1 _ .
PGHZ = m [ 014|GHZ4><G HZ4| + 54e 4:<t|gl>|92> with

o2 B2t 1 _
X199)19a)( 1 (2Gal{Galt ——— ICa) =5 (I9vg2)Is9)lss) — [svls)|ga)lga) + ilgulss)lsga)
X (180)]92)|92(94)(511(92l(Ga[(9al + 90)[S2)|93)9a) ~ilslg2)lgalsa)- (23
X(91(S21(g3l(al+ [91)192)[53)|94X( 911Gl (S5l(Gul Using the local operation, we can transform the s(@®
into the normal cluster state
+ |91>|gz>|93>|S4><91|<92|<93|<34|)} : (17)
1
, =(lgv192)Is3)[sa) = Is1)S2)(93) |9
with 2
1 +190[s2)82)194) — [S1)192)193)[Sa)) - (24)
GHZy)) =— Sy) + . 18
IGHZy V5(|gl>|sz>|g3>| ) *lsvlgllslga). (18 We calculate the fidelity =(C,|p|C,), which is equal to the
o Eq. (19).
We calculate the fidelity We now give a brief discussion on the influence of photon
ot losses on the scheme. In the generation process, the domi-

F =(GHZ,|p|GHZ,) = (199  nant noise is the photon loss, which includes the contribution

((12+ ﬁze—ZKt)Z' g . e -
from channel attenuation and the inefficiency of the single-
which again increases with increasing detection time and inPhoton detectors. All these kinds of noise can be considered
creasing ratida/ ). by an overall photon loss probability [15]. For simplicity,
If detectorsD, and D, detect one photon anl; andD,  We only consider the influence of the noise on the prepara-
do not detect any photon, or vice versa, the state of the totdlon of the cluster state. In this case, the effective state of the

system becomes projected into four atoms is actually described by
. 1 1
W1 = 50100001 )Y (), pross= N{ (8 + e pc + 5 mal (L -2
- €™W (1)1 W (1))2|92)|0)3ga)| 04+ €7 ™4gy) X (48%€72|91)|92)|93)94)(91/(92/(T3| (9]
X[0)1| W (1))2| W (1))39a)|0)s) — €7 W (1))4]92) +[51)|92)|93)|94)(51/(9l (Tl (Ta| + |91)]S2)|93)]04)
X[0)2|g2)|0)3| W (1)) 4, (20) X{(91/(S2[(93l{al + 92)]92)/S3)|94)(91/{F2{(S3/(94

with the probability 8*(1-e 242, If detectorsD, and D,

3
+ s Sil) + =7
detect one photon anidl, and D5 do not detect any photon, 190192)192)/8:)(@1 @K@l () 27 X
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s ; lg)), |s;) and an excited statie;) (j=1,2,3,4. The lifetime
(:f:)— o of the atomic leveldc)), |g;), and|s;) are assumed to be
caviy2 A comparatively long so that spontaneous decay of these states
(3‘:)— —BS%—m can be neglected. The transitideg - |g;) and|g) < |s;) are
cavity3 F, X coupled to two degenerate cavity modgg and a;, with
(:/:)— —E Al different polarizationH and V. The transition|e)) < [c;) is
cavity4 S driven by the classical field. We assume that the classical
m!%—’bm laser field and the cavity field are detuned from their respec-
tive transition by the same amount. In this case of large
@ detuning the excited state,) can be eliminated adiabatically

to obtain the effective interaction Hamiltonigim the inter-
action picture:
H; = Q(ajulc)}(gil + alilgy(cl + ale)s| +alIs)(c)).,
| &) |C> |s> (27)
(b)

wherea;; anday are the annihilation operators of theand
FIG. 2. (a) The schematic setup for generatillg states and V polarization modes of thigh cavity. Here we assumed that
GHZ states of four distant atoms based on the four-photon coincithe effective coupling constants of the atoms coupled with
dence detectionb) The relevant level structure with ground states their cavity modes are same, which are describe@byhe
|9), |S), |c), and excited statge). evolution of the system’s wave function is governed by a
non-Hermitian Hamiltonian

xX(1 _9_2K1)2|91>|92>|93>|g4><91|<92|<g3|<94|}, (25) H/ = H; —ix(alan +alay), (28

with as long as no photon decays from the cavity. Here we assume

o oo ous o ot ot that four cavities have the same loss rat®r all the modes.
N=(a?+p% 22+ 2(1 - n)a?BA(1 -+ 7 1-€>Y) |t a single-photon detectddy, or Dy, (j=1,2,3,4 detects a

3 photon, the coherent evolution according—tpis interrupted
x| 27+ 577(1 —e 2 | (26) by a quantum jump. This corresponds to a quantum jump,
which can be formulated with the operatdxg or b;, on the

The first termp. of Eq. (25) is the expected state, which joint state vectors of four atom-cavity systems
comes from the event that the two photons have been emitted
from the cavities and two photons are detected at the detec- 1
tors D; and D,. The second ternfor the third term of Eq. by = E(alH + 8+ 8gy + agn),
(25 is noise contributions caused by the photon loss. It
comes from the event that the three photgos four pho-
tong have been emitted from the cavities, but only two pho- 1 , .
tons have been detected at the deted®rsandD.. ban = E(alH * 181 ~ 8 ~ iagp),

In order to quantify how close the sta{@5) is to the
cluster state we calculate the fidelfy=(C,|pjosdCa)=a*/N.
The recalculated fidelity does not increase with increasing
detection time. But this fidelity still increases with increasing
ratio |a/ B|.

1
by = E(alH = A + Agy ~ ),

1
ban = Z(agy —iapy — agy +iagy),
IIl. GENERATION OF THE W STATES AND GHZ 4H ™ 5 \F1H — 1€2H = GgH T 19K

STATES BASED ON THE FOUR-PHOTON COINCIDENCE
DETECTION

In this section, we will present another unified scheme to byy = E(alV+ By + gy + aav),
generate th&V states and GHZ states of four distant atoms.
The scheme is based on the four-photon coincidence detec-
tion, and is insensitive to the quantum noise. But the scheme
is not used to generate the cluster states of the four distant
atoms.

The experimental setup is shown in the Figa)2and the
atoms have the level structure shown in Figh)2 Each of
the four-level atomgindex j) has the Zeeman sublevéﬁ),

1 . .
boy = E(alv +iayy — agy —iagy),

1
bay = E(alv — gy +agy — agy),
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1 1
by = E(alv‘ iapy — gy +iaay). (29) |Dick); = 5(|91>|92>|93>|54> +|90|92)I2)|94) + [91)[S2)(92)(94)

In the preparation stage the initial state of each atom-cavity +(50(092)(92)(94)) - (36)
system is|c;)|0)j4|0)y (j=1,2,3,4, i.e., each atom is ini-

tially in the Zeeman Ievelk:j> and the cavity modes are pre-

pared in the vacuum states. Now we switch on the Ham”‘l’he success probability of scheme i®..,=28%1
tonian (27) in each atom-cavity system for a time If no —e2)4/g com
photon is emitted from the cavity, theh atom-cavity system :
is governed by the interactioH. In this case the atom-
cavity state evolves to the entangled state

If the detector®, Day, Doy, andD,, detect one photon,
respectively, oD,y, Dgy, Doy and D,y detect one photon,
respectively, the state of the total system becomes projected

W) = alc)|0y|O)y —iBIgIHY; +[splvyy),  (30)  Into the GHZ state

with
sin(Q) .7k 1
o), 7 - S0 Dickon = (g laslsd - solanlsyiga). (3
o=
sin(Q, M« |2 2 sif(Q,D)0?
\ACOS(QKT) 20, J + Qi
The success probability of schemeHg,;,=3%(1-e2"4/4.
sin(Q,NQ We now give a brief discussion on the influence of photon
B= - > P00 losses on the scheme. Since the scheme is based on the four-

Q \ACOS(Q - S'”(QKT)KJ L 2sir(Q,7) photon coincidence detection, this requires that each of the
“ “ 2Q), (05 four detectors has to detect the photon. If one photon is loss,
a click from each of the detectors is never recorded and the
Q,= V202 = 2a. (31) scheme fails. Therefore the photon loss has no influence on

the fidelity of the generated states, but decreases the success
The probability that no photon is emitted during this evolu-probability P.;, by a factor(1-n)%.
tion becomes

sinQ, Dk |? 2 sirf(Q,nNO?
+ : IV. CONCLUSION

Psingle: e_KT{ |:COE(QKT) - 20, Qi
(32 :
In summary, we have proposed schemes for creating
We assume that the interaction Hamiltoni@Y) is applied quantum entanglement of four distant atoms, which are
to each atom-cavity system simultaneously, so that thérapped separately in different optical cavities. Based on the
preparation of the atom-cavity statgk); ends at the same photon detectors with single-photon sensitivity, a unified
time. This implements the preparation stage of the protocolscheme was presented to generate \thestates, the GHZ
Now we consider the detection stage. In this stage, thetates, and cluster states of four distant atoms. The disadvan-
joint state of three atom-cavity systems becomes prepared tage of the scheme is to require the single-photon detector to
the form distinguish zero photons, one photon, and more than one
photon. The detection inefficiency influences the fidelity of
|D(0)) = [W)y| W) W) W)y, (33 the generated states. Based on the four-photon coincidence
detection, the scheme was presented to general® tates
and GHZ states of four distant atoms. They are insensitive to
the detection inefficiency, which has no influence on the fi-
delity of the generated states, but decreases the success prob-

where the stat¢¥); is given by Eq.(30). We assume that
photons are detected at the tirnand the joint state of the
total system evolves into

[ (1) = [P (D)2 ()2 W(1)g[ ¥ (1))s, (34)  ability. But the scheme cannot be used to generate the cluster
states.
with Finally, we should mention that, in the proposed schemes,
1 we consider the case of the large detuning on the excited
P(t)): = cHOY: + Be g HY: + s )VHT. state transition and neglect the effect of the spontaneous
YO a2+2ﬁ2e‘2"t(a| 100 + e LGyl H); + V)] emission from the excited states of atoms. Taking into ac-

(35) count that the adiabatic transition time increases with the
detuning, it is not obvious that the large detuning eliminates
If the detectordDqy, Doy, Day, and Dy, detect one photon, the noise contribution caused by the spontaneous emission.
respectively, the state of the total system becomes projectethe influence of the spontaneous emission on the schemes
into the W state: needs to be further studied.
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