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Abstract: We investigate the entanglement dynamics of two two-lef@ha interacting with a quantized cavity field, considetting

level shifts produced by the Stark effect. We perform congpas of the entanglement evolution of this system whenahicis filled

with a Kerr-like medium. The presence of entanglement sudidath and sudden birth using extended Werner-like stwtasserved.
Entanglement is guaranteed to survive and can be easilyeatipallow for periodic behavior. The similar dynamic talas between
both the Kerr-like medium and the Stark-shift models arexsho
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1 Introduction The creation of entanglement in an atomic ensemble
located inside a high-Q ring cavity has been discussed
[14)-[16]. The continuous variable approach to studying
One of the most interesting and useful phenomena irthe entangled dynamics of coupled harmonic oscillators
guantum optics in general and in quantum informationinteracting with a thermal reservoir has been investigated
processing specifically is entanglement,?3,4,5]. [36]. It has been shown that a suitable unitary
Cavity QED is a useful tool to generate entangled stategransformation of the position and momentum operators
[6] and can be used to create the entanglement betweenansform the system to a set of independent harmonic
atoms in cavites and to establish quantumoscillators, with only one of them coupled to the
communications between different optical caviti&s8]  reservoir. In addition, much effort has been devoted to the
9]. Significant efforts have been devoted to the study ofinvestigation of quantum discord, which can be used to
the entanglement between two qubitJJf[31]. It has  study a family of two-qubit states19-[25. For more
been shown thatl0] the entanglement of a two-qubit general quantum states, such as the so-cllsthtes, the
system interacting with uncorrelated reservoirs mayauthors in 0] -[25) have derived explicit expressions for
disappear within a finite time during dynamic evolution quantum discord and have found that quantum discord,
(entanglement sudden death, ESD). ESD has beeantanglement and classic correlation are independent
experimentally observe®p,33]. In addition, Yonac etal. measures of correlations with no simple relative ordering.
[28,34] have discussed what is called entanglement
sudden birth (ESB) in cavity QED. The entanglement
properties of a quantum system consisting of two cavities In this paper, we investigate the entanglement
interacting with two independent reservoirs have beendynamics of a quantum system formed by two two-level
discussed 35]. It has been shown that entanglement atoms within two spatially separated cavities with the
sudden death in a bipartite system independently couple&tark shift and a Kerr-like medium. We consider an initial
to reservoirs is related to entanglement sudden birth andtate of the two atoms in the following form:
that the cavity coherent state can be used as a controller gf|ee) + v|gg), whereu andv are two complex numbers
both ESB and ESD3g]. and |u|?>+ |v|? = 1. In addition, we consider extended
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Werner-like states37] of the following form the excited statée) and the ground statg); ? and g™
1-x are the atomic spin flip operatorsy is the atomic
A pe(0) =X|9) (@] + T' @) transition frequencyy is the Kerr coupling constant; and

g is the coupling constant between the atom and the field.

= cog6)|ge) +sin(6)|eg), The coupling constantg;, g2 and A determine the

1-x e
B : py(0) = X|w) (]| + " L|g) VSvLaélr(eshlft parameter$; and 3, between two atoms,
= cog6)|ee) +sin(6)|gg). (1) -G g% g Pl 3)
A’ A’ AZ

wherex is a real number that indicates the purity of the _ _
initial states. We discuss the entanglement through théne of the most effective methods for measuring the
concurrence of two different values of the parameter entanglement is using the concurrence. To study the

(such as x = % (Werner-like states) andx = 1 entanglement of the above system, which is described by

(Bell-states)) and for different values of the Kerr-like a density matrixo, we adopt the concurrence (s&8]),

medium. which is defined by
The present paper is organized as follows. In Section
2, we obtain an explicit analytical solution of the quantum C=max{0,A1— A2 — A3 — A4}, (4)

system formed by two atoms interacting with two vacuum .
fields of two spatially separated cavities with Stark-shift WNere Ai (i = 1,2,3,4) are the square roots of the
effects. Then, we investigate the entanglement dynamicg'g.env?1Iues n o,llecreasmg_ order of magnitude of the
of two atoms, ESD, and two fields, ESB, by employing the SPin-flipped density ~ matrix =~ operator
concurrence. In Section 3, we discuss the influence of th&&= p(oy® oy)p (U.V® oy) andoy is the Pauli matrixp
Kerr-like medium on the system and observe the behaviof® € complex conjugate @f.

of the entanglement. Finally, we summarize our results in

Section 4. )
2.1 Sark shift

2 Model and its solution Now, we study the influence of the Stark shift on the
entanglement sudden death and sudden birth, and we

The system consists of two noninteracting two-levelignore the Kerr-like mediunti.e., x = 0). We consider

atoms, where each atom is trapped inside a single cavitjhat the initial state of the two atoms jglee) + v|gg),

(see Fig. 1). where u and v are two complex numbers and
|u|?> + |v|? = 1. The fields are prepared in the vacuum
stateq00). Thus, the initial state of the system is

¥ (0)) = ( Hlee) +vigg) ) @ [00), (5)

% Kerr-like medium

Using the results of35], we find that the state of the
system at any time is given by

W) = u [A<t>2|ee>® |00) + B(t)?|gg) © |22)
+A<t>B<t>|eg>®|02>+A<t>B<t>|ge>®|20>}
+v (e7'|gg) © |00)), (6)

with
At) = sirf(a)e ¢ '+ co(a)e ¢ T,

Fig. 1: Model for the nonlinear atomic coupling.

The Hamiltonian of the whole system can be written B(t) = sin (%’) (e“f*t _e—izft) 7

as
St W o2 12, 2 4 a = tan- <f7+—23>
H =D ledat 5oi+xara+o@to +ao)] V29 )
2 ni:g(ri\/r2+29),

+i;[aiai+(BZ|Q><Q|+B1|gi><gi|)]v (2) ot — wtnt @)

wherea' anda are the creation and annihilation operators The reduced density matrix of the two atoms can be
of the cavity mode, with the field frequency between obtained by tracing out the variables of the fields from
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Eq. ©) Simi]arly, the reduced density mgtrix qf the field can
P (1) = HEIA®D)| e} (el ?g; obtained by tracing out the atomic variables from Eq.
+[12(B()|*+ v7]|9g) (g pr.1,(t) = [H2IA)]* + v¥|00)(00)
+?AM)B()|*(eg) (eg| + [ge) (gel) FI2IB()|4[22)(22]
+uvA* (1) ee) (gg| +h.c] ® +[H2IA®)B() 2(02)(02] + [20)(20))
Therefore, the concurrence of the above density matrix is +[uVAZ(t)€™t22) (00| + h.c.]. (10)
given by The concurrence of the above reduced density matrix is
given by

Casay (1) = max{ 0, |A(1) 121v — 242(1 ~ |A©)2)] }
©  Crrt) = max{0[B(t)2uv - 211 B1?)] }
(11)
In Fig. 3, we plot the concurrence of the two fields as a
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Fig. 2: The concurrence of two atoms as a function of the scaled_. - )
time gt. The Stark-shift parameters are= 0 (dotted line)r — Fig. 3: The concurrence of two cavities as a function of the scaled

0.7 (short-dashed line},= 1 (long-dashed line) and= 2 (solid ~ time gt. The Stark-shift parameters are= 0 (dotted line)r =

line), with o — 4, A = 1, gy — 1, 4 — 0.9 and different values of 0.7 (short-dashed linej,= 1 (long-dashed line) and= 2 (solid

v, where (a) = 0.4, (b)v = 0.3 and (c)v = 0.2. line), withw=4,A =1,g, =1, u = 0.9 and different values of
' ' v, where (av = 0.4, (b)v = 0.3, and (c)v = 0.2.

In Fig. 2, we plot the concurrence of two atoms as a
function of the scaled timet for different values of the
Stark-shift parameter. In Fig. 2a, whereu = 0.9 and

v it()M we ok;]serve tha:].wrran: 0, thi ent?]nglemer;p periodic function of time. From Fig. 3, we see that the
exhibits no change, whic means. t a’;} ;2 € CO,UP "NYtwo disentangled fields will initially be entangled after a
constant between the atom and the figldt 5352 = 0;in  finjte time due to the initial entanglement of the atoms
addition, there is no interaction between the atom and thgg due to the interaction between the atoms and the
field. Whenr = 0.7, a periodic bghawor is exhibited for. fields. The larger the parameteris (and the larger the
the en_tanglement without reachlng a value of zero. Thisztom-field coupling constang is), the more rapid the
effect is not found when we consider= 1, where the  gcijllations of the entanglement of the two fields that are
entanglement shows a periodic behavior but whichgpserved. We note that in Fig. 3, there is no entanglement
remains zero for a finite time, which is called petween the two fields when the value of the parameter
entanglement sudden death, ESD. By increasing the valug |ess than oner( < 1), confirming that the role that the
of the Stark-shift parameter to= 2, we find that the ESD  giark-shift parameter plays is to increase the
period exhibits a greater periodicity than in the previousentanglement between the two fields. From Figs. 2 and 3,
case ( = 1), but the length of each period of the ESD is e find that the entanglement between the two atoms and
less than that in the previous case whea1. the entanglement between the two fields can be controlled
In Fig. 2b, whergu = 0.9 andv = 0.3, we observe the  py adjusting the Stark-shift parameter and the initialestat
same behavior shown by the entanglement in Fig. 2a bugf atoms. This means that the Stark-shift parameter plays

with a smaller amplitude with the ESD phenomenon. In ap important role in controlling both ESD and ESB.
this case, the ESD period is greater than that of Fig. 2a.

When we sev = 0.2, the amplitude of the entanglement

decreases to a greater extent with an increasing ESI 2 Kerr-like medium

period. This means that the Stark-shift parameterand

v play important roles in the entanglement sudden deattHere, we study the influence of the Kerr-like medium
phenomenon of the two-atom system. parameter on the entanglement sudden death and sudden

function of the scaled timgt. In each figure, we use four
values of the Stark-shift parameteand different values
of u andv. We find that the concurrendgy, 1,(t) is a
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birth. We ignore the influence of the Stark shift and atoms from Eq.15)

consider that the initial states of the atoms are prepared in 1-x
the extended Werner-like statedy] P, 5, (1) = [|A2( )|?|00) (00| + |A(t)B(1)|%(|02) (02|
A pa(0) = X0+ 251, 1) +|B( JA(1)|%20) (20| + [B(t)[?[22) (22]
D PeV) =X @+ ——1, @ ) 1—x
4 +(x(sin(6) |2+ =) [|A(1)[*]00)(00]
= cog(6)[ge) + sin(8) eg), (12) )
_ 1-x +[B(t)[720)(20]]
B py(0) =X (Pl+—2=1, [¢) Sm(zg)
. B(t)|“[|20)(02 +]02)(20
_ cog6)[e8) + Sin(0)]0g). 13) Bt >| 120)(02/ +(02)(20]]
x| cog8) [+ A(t)[?|00)(00
where(0 < 8 < m), X is a real number that indicates the T cosO)f+ )H (1I*00)(00]
purity of initial states, andlis a 4x 4 identity matrix. The +|B(t)? |02><02|]
fields are prepared in a vacuum stgle). 1-x
In the first case (A), the density matrixtat 0 is given by +=—100)(00. 17)

Thus, the concurrence between the two fields is given by
p(O) = ,D(p(O) ® |0f1><0f1| ® |0f2><0f2|- (14)

sin(26 1-x
| o Cryn 1) = 2maxd 0. "2 g2 /2 X2
Using the results 0fd9], the density matrix of the system
at any time can be written in the following form: 1—x 1—x
x [ |AZ()]% + (x| sin(6) 2 + — AL )I?
1-x
p(t) = T[Az(t)lee 00) +A(t)B(t)|eg, 02) , 1-x , 1-x]2
> 2 +(X| COS(9)| +T)|A(t)| +T:| 18)
+B(t)A(t)|ge, 20) + B(t)|gg, 22)][A™*(t)(ee, 00|

+A(t)B"(t)(eg, 02|
+B*(t)A*(t)(ge, 20| + B*(t)(gg, 22]

. 1-x
+(x|sin(8)]? + ——=)[A(t)|eg, 00) a b c
4 0.6 0.6 0.6
( )|gg,20>][ ( )<®700| :8[51 " 1"| ll‘l !Il €82 - €8£51
+B(1)(00,20] S S N R
S|n(26) i 0.1 IA\ ,A\ Il \“, L 0.1 T ’L\‘\/'/\\/‘ 0.1l ¥ \\II VIV
X [A(t)|eg,00) + B(t)|gg, 02)][A*(t)(ge, 00| 246810 546 810 2476810
gt gt gt
+B(t)(gg,02]
sin(20) i . N .
+X 5 [A(t)|ge, 00) + B(t)|gg, 02)][A"(t)(eg,00]  Fig. 4: The concurrence of two cavities as a function of the scaled

; time gt, for 6 = /215 (solid line), 8 = 11/17 (short-dashed
+B*(t)(g9,20] line), 6 = 1/12 (dotted line) and® = 71/4 (long-dashed line)
1-x with g = 1, where the initial states of the atoms are as follows:
2
—)[At
F(xjeod )"+ —7=)[A1)]ge, 00) Pp(0) =X\0) (91 + 7*1.|¢) = cos(6) &) + Sin(6) eg), x=2/3,

+B(t)]gg, 02)][A" (t){ge, 00 (@)x/9=0. (b)x/g =04 and (cX/g = 038.
+B(t)(gg,02]
+ﬂ|gg,00><gg,00|, (15) In Fig. 4, we plot the concurrence between the two
4 fields as a function of the scaled time and for different
values of the Kerr-like medium parametex/g = O,
where Xx/9=0.4, andyx/g = 0.8). We consider the initial state
of our system as in case (A), wheg takes on five
Alt) = —ixt [cog Qt) +isin(Qt)], different values and = 2/3. In Fig. 4a, we observe that
o iV2gsin(Qt) the concurrence of the two fields whgng = 0 appears
B(t) :e—lxt[g—] (16)  rapidly for different values off. We see that the
Q concurrence between the two fields is changing rapidly

and strongly and is almost equal to the concurrence of the
and Q = /2g2+ x2. The reduced density matrix of the two atoms. Specifically, the ESB phenomenon occurs but
field can be obtained by tracing out the variables of theonly after a period of time for small values & (for
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example,0 = 11/21.5). In Fig. 4b, when we consider the In Fig. 5b, the periodic behavior of the concurrence and
effect of the Kerr-like medium parametgry/g = 0.4, we  that it is not zero can be observed. This means that there
find that the concurrence is smaller than in the previouds no entanglement sudden death. In Fig. 5c, by increasing
case. In this case, the general behavior of the concurrendbe Kerr-like medium parametefyx/g = 0.8), the

is similar to the effect of the parametér although the  concurrence oscillates far from zero.

ESB phenomenon no longer appears. In Fig. 4c, with  Now, we consider the same initial state for the atoms
increased Kerr-like medium parametgyg = 0.8, one  in case (A), withx = 1, the "Bell state”, by setting = 1 in

can find that the concurrence is smaller than in thegq, (17). The reduced density matrix of the two cavities is
previous case, and wheth= 11/215 or 6 = /17, the  given by

ESB phenomenon disappears. This means that the effect

S enomenon ploys an oottt e o " 1€ ESB pyp,(1) = |sin(6) P[IA(®)100)(00] + B(t) ?120)(20]

i initi sin(26
In what fqllows, we c0n5|d§r Te same initial s’:[ate of + ( )|B(t)|2[|20)<02|—|—|02><20|]
atoms as in case (A) but witk = 1, namely, the "Bell 2
state”. The reduced density matrix of the two atoms is +|005(6)|2[|A(t)|2|00><00|+|B(t)|2|02> (02]].
given by (21)

Payay (t) = X[ sin(6) P[|A(t) °|eg) (eg| + [B(t)[*gg) (ggl] o
Thus, the concurrence of the two fields is given by

sin(20) 2
HX———|A(t)|[|eg){gel + |ge) (eg]]
sin(26) 2
+x|cos0) PIIA()*lge) (gel + [B(t)|/0g) (gal] Chi(t) = zmax{o,| >—IB) } (22)
(19)
Thus, the concurrence of the two atoms is given by In Fig. 6a, we see that the concurrence of the two cavities
sin(26)
Cusolt) = 2max{ 0" Z2 A} (20)
ATETH] oifiind b
R A A B A I R
¢ 0.4 l'ﬂl| A ,'n" Ir.‘| h ©o0.4 :'. '»j‘ "‘| Al 1'.~ 0.4 ,l,‘il n v'\', "l‘| "ﬁli
. a . b . 0.2 0.2 0.2 [
osh n A oghn A 0.8 246810 246810 246 810
go6) LI soeh i so6 ot gt gt
&8"2‘-"""'-""'"',"-*"":*-" d”g_zz;'. ‘ jg.zzl |
24 6 810 546 0 5 810 Fig. 6: The concurrence of two cavities as a function of the scaled
gt gt gt time gt, for 6 = /215 (solid line), 8 = /17 (short-dashed

line), 6 = 11/12 (dotted line) and = /4 (long-dashed line)
with g = 1, where the initial states of the atoms are as follows:
Fig. 5: The concurrence of two atoms as a function of the scaledp,,(0) = x|g) (@] + 1%, |@) = cos(6)|ge) + sin(6) eg), x = 1,
time gt, for 6 = /215 (solid line), 8 = /17 (short-dashed (@)x/g=0, (b)x/g=0.4 and (cx/g=0.8.
line), 6 = 11/12 (dotted line) and = /4 (long-dashed line)
with g = 1, where the initial states of the atoms are as follows:

1-x ;
gg(o/)g_:x(\;ozéwg :T()|A7,|Zn>1d_(§)c()799£%e>8+ sin(6)leg), x =1, wheny /g =0 is a periodic function of time, but the ESB
’ ’ o phenomenon disappears for all valuesfofalthough the
concurrence reaches zero periodically. This is quite aimil
to the previous figures wheyyg = 0, and this is due to the
use of the pure Bell state as the initial state. In Fig. 6b, the
concurrence of the two cavities whgrig= 0.4 is similar
to the behavior shown in Fig. 6(a), but the entanglement
amplitude is less than that in Fig. 6a. The entanglement
decreases further as the Kerr parameter is further inailease

In Fig. 5, we plot the concurrence of the two atoms as
a function of the scaled time and for different values of
the Kerr-like medium parametex(g=0, x/g= 0.4 and
X/9=0.8). We consider that the initial states of the two
atoms are "Bell states” by setting the parameter 1 in
case (B), and we consider five different values of the(see Fig. 6¢)
parameterf. In Fig. 5a, it can be observed that the 9- ) o )
concurrence is a periodic function of time, but the ESD !N the second case of the initial state (B), the density
phenomenon disappears for all valuesBofalthough the ~ Matrix att = 0 is given by
concurrence tends to zero periodically. This can be
interpreted as the new initial state: the "pure Bell state”. P(0) = py(0) ® |0f,) (01, | © |Ot,) (O, |. (23)
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Using the results of Eq.3B], the density matrix of the

system at any time is given by

p(t)

= (x|cog8)|?+

+B(t)A(t)|ge, 20) + B(t) |gg, 22)][A*%(t)(ee, 00|
+A*(t)B*(t)(eg,02 + B*(t)A*(t){ge, 20|
B*Z( t)(gg,22)]

(t)|eg, 00) +B(t)|gg, 20)|[A"(t)(eg, 00|

4 ~—A
+B*(t)<g .20]]
+1%X [A(t)|ge, 00) + B(t)|gg, 02)][A*(t)(ge, 00|

+B*(t)(gg,02]]

. 1-x
+(xsin(6)[*+ =—)|gg, 00) (g9, 00|

20 12 1) e, 00) + A1)B(1) 9,02

+B(t)A(t)|ge, 20)

18%(t)/gg, 22)) (99,00
532, 4q.00 (A1) (ee. 00
A (1B (t) (eg, 02| + B*(t)A*(t) (ge, 20|
+B*(t)(gg,22]].

1)1A2(0)lee,00) + At)B(1)Jeg,02)

(24)

1 a 1 b 1 ¢
0.8 0.8 0.8
20.6 20.6 20.6
00-4.". ,". pi o0 A g 004
0.2]! ’AI IA‘ ﬂ‘ ‘A‘ 0.2 ",“, ’,AI| Al\ "A‘I ,A 0.2 II\I "\\ ‘,‘\ I/\l I‘\
246810 246810 246810
gt gt gt

Fig. 7: The concurrence of two cavities as a function of the scaled
time gt, for 6 = /215 (solid line), 8 = 11/17 (short-dashed
line), 6 = /12 (dotted line) and = 11/4 (long-dashed line)
with g = 1, where the initial states of the atoms are as follows:
Pw(0) = X|Y) (Y| + 37%1, ) = cog6)|ee) + sin(6)|gg), x =
2/3, (a)/9=0, (b)x/g 0.4 and (cx/g=0.8.

Kerr-like medium parametex/g = 0, x/g = 0.4, and
Xx/9=0.8.In Fig. 7a, the ESB phenomenon occurs after
a longer period of time compared with Fig. 4a, and the
period of time of concurrence disappearance observed in
Fig. 7a is longer than that in Fig. 4a for different values of
6. In Fig. 7b, when we consider the effect of the Kerr-like
medium parametey /g = 0.4, the concurrence is smaller
than in the previous case. In Fig. 7c, when increasing the
value of the Kerr-like medium parameter, that is, for
X = 0.8, the concurrence is smaller than in the previous
case. Fof = /215,060 = /17, andf = 11/12, the ESB

The reduced density matrix of the field can be obtained byphenomenon disappears. This means that the Kerr-like

tracing

Py (t) =

out the variables of the atoms from E2gd)(
(x| cog(6)[*+ )[IAZ( )|?|00)(00)

IAUB(02 02
+[BOA()2120) (20 + [B2(1)[?[22)(22]
+21A®I100) (00 + B(1) 712020
+21A0I100) (001 + B(1) 7102)(02]

+(x|sin(B) >+

+Xsin(229)
x S|n(229) B

1-x
— 10000

[B(t)?122){00]

*(1)%00)(22]. (25)

The concurrence is given by

Ch,1,(t) =2 max{ 0, |x

sm(26)

1B()?

~[(X|cos8)? + %)

< BOADP+ 2B ]} (26)

medium has an important effect on the production of the
ESB phenomenon.

Here, let us consider the initial state as a Bell state, and
we find the reduced density matrix of the two atoms as

|cos8) P{1A2(t) Plee) (ee| + |A)B()(eg) (eg]
BA()Plge) (gel + [B2(t) Plgg) (ag]]
+|sin(8) ?lag) (g

+ 20 17t (g0

+%[A*(t>2|gg><eeu.

Using EQq.27, the concurrence of the two atoms is given
by

Careot) = 2max{o,| IAD)

—~|cog8) 2[BA(1)[*} . (28)

In Fig. 8a, it can be observed that the concurrence is a
periodic function of time. The ESD phenomenon is
observed with different values of the ESD periods for
different values of the parametér Comparing the ESD
phenomenon in this case with that observed in Fig. 5a, we
find that ESD is clearly shown in Fig. 8a. In Fig. 8b, the

Paya, (t) =

(27)

sin(20)

In Fig. 7, we plot the concurrence of the two fields as concurrence whery/g = 0.4 is a periodic function of
a function of the scaled time with different values of the time and the ESD phenomenon decreases with increasing
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1|""|“” 1:‘"'.[" 1|\nl|"|". 1,’|l'l'l’l 1 1
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Fig. 8 The concurrence of two atoms as a function of the scaledFig. 9: The concurrence of two cavities as a function of the scaled
time gt, for 6 = /215 (solid line), 6 = /17 (short-dashed time gt, for 6 = 11/215 (solid line), 8 = /17 (short-dashed
line), 6 = 11/12 (dotted line) and = /4 (long-dashed line) line), 6 = m/12 (dotted line) and® = 11/4 (long-dashed line)
with g = 1, where the initial states of the atoms are as follows: with g = 1, where the initial states of the atoms are as follows:
Py (0) = X|w) (] + 1X1. ) = cogB)lee) +sin(0)|gg), x=1,  py(0) = X|t) (| + X1, |y) = cos(6) ee) +sin(6)|gg), x= 1,
(@)x/9=0, (b)x/g = 0.4 and (ck/g = 0.8. (@)x/9 =0, (b)x/g = 0.4 and (ck/g = 0.8.

6; when6 = /4, there is no entanglement sudden deaththan in the previous case, and whén= 11/215 and
although the concurrence becomes zero. This means tha — /17, the ESB phenomenon disappears. This means
the Kerr-like medium parameter can be used to preventhat larger values of the Kerr-like medium parameter can
ESD. In Fig. 8c, by increasing the Kerr-like medium pe used to prevent ESB.
parameter value tg /g = 0.8, the concurrence is far from
zero more so than in the previous case wheig = 0.4
for 6 = r1/4, but entanglement sudden death appears fo
the other values of.

We consider the same initial state of atoms as in cas
(B) but withx =1, i.e., the Bell state. The reduced density
matrix of the two cavities is given by

3 Summary

?n this paper, we investigated the entanglement dynamics
of two two-level atoms interacting with two fields of two
spatially separated cavities in the presence of either the
pr,1,(t) = |cog(8)[2]|A%(t)|?|00) (00 + |A(t)B(t)[%(]02) (02| Stark shift or of a Kerr-like medium. We considered that

BHA() 2120 (201 + IB2(1)[2122) (22 the two atoms are initially entangled and that the fieldg
+ ,() (gl 120) (20 + [B(1)1"[22)(22]] are in vacuum states. The results show that no ESD is
+|sin(6)[[00) (00| observed when we ignore the Stark-shift effect. This

sin(20) 2 effect is absent when the Stark shift is considered. In
+ 2 [B(t)|22)(00]] addition, we show that the Kerr-like medium plays an

sin(26) ) important role in preventing ESD and in creating ESB
+———[B"(1)"|00)(22]. (29) and enhances the degree of atom-atom entanglement. A

more interesting finding is that both the Kerr-like medium

Therefore, the concurrence of the two cavities in this Cas€q Stark shift play the same role for some initial state

1S ) settings.
Ch,1,(t) = 2max{0,|sm(226) IIB()]2
—|cog(0)[?|B(t)A(t)|?} . (30) References
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