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Considering intrinsic decoherence, the two-atom two-mode Raman coupled model is investigated in this paper.

Utilizing the constants of motion in this model, we obtain the analytic expressions of the density operator of the system

for investigating the entanglement of two atoms. The speed of entanglement decay increases with the increasing of

the coupling coefficient of one atom. The difference between the oscillation periods when the initial state parameter of

atomic subsystem belongs to two intervals becomes smaller with the increasing of the coupling coefficient of one atom.

The increasing of the initial photon number of the second field can hasten the vanishing of entanglement of atomic

subsystem. The robustness of atomic entanglement against decoherence depends on the interval of the initial state

parameter of atomic subsystem.

Keywords: entanglement, intrinsic decoherence, two-atom two-mode Raman coupled model

PACC: 0367, 3280

1. Introduction

Since the early years of quantum mechanics, en-
tanglement has been of central importance in the dis-
cussions on the fundamentals of the mechanics.[:?
The rapid development in quantum information and
computation has stimulated the studies on the entan-
glement in various candidates of quantum information
devices such as atom, trapped ion, liquid nuclear mag-
netic resonance (NMR), quantum dot, etc. Entangle-
ment is considered to be the key feature that allows
quantum information and computation to overcome
some of the limitations in the classical counterpart.
Quantum decoherence is recognized as one of main
formidable obstructions in using some of these can-
didates to design quantum information devices. The
deep understanding of the role of decoherence in the
entanglement dynamics of qubit candidates is desir-
able and has been extensively discussed.>~8! The phe-
nomenon of entanglement sudden death (ESD) has at-
tracted much attention and many interesting results
are discovered in the recent progress.

Theoretically, there are several approaches to
explaining the decoherence phenomena. The
environment-induced decoherence approach!®=11 is to
ascribe the decoherence of quantum system to the
reservoirs with many degrees of freedom. The interac-

tion between quantum system and a reservoir causes

the coherence of quantum system to disappear. An-

other approach!*2-19]

is to modify the Schrédinger
equation so that quantum coherence is damaged as
the scale of physical system becomes large. In par-
ticular, Milburn('® has proposed a simple model on
the assumption that the system evolves in a stochas-
tic sequence of identical unitary transformations on
sufficiently short time steps. This model makes a fea-
ture of constants of the motion remaining unchanged.
The methods of solving the Milburn model in JC

sl16-22] have been devel-

model and its generalization:
oped. The effect of intrinsic decoherence in various
systems(?3=26] has been studied.

As a generalization of the JC model, the two-
mode Raman coupled model®” consists of two fields
and a three-level Rydberg atom which the top level
is eliminated adiabatically provided that the condi-
tion of large detuning is satisfied. Gerry et all?®]
also extended this model to the two-atom case. Xu
et all?!l studied the atom inversion, photon number
distribution and squeezing of the radiation field in the
single-atom two-mode Raman coupled model. Wel[?"]
investigated the entropy squeezing of the atom in the
single-atom two-mode Raman coupled model. The en-
tanglement between two atoms[®?! and between field
and atom®!l in the two-atom two-mode Raman cou-
pled model has also been studied. The Raman coupled

model has been widely applied to study the dynam-
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ics of systems and realize some quantum operations
in quantum information processing.®? These moti-
vate us to investigate the entanglement dynamics of
two atoms in the two-atom two-mode Raman coupled
model in which the effect of the intrinsic decoherence
is considered.

In this paper, we investigate the evolution of two
atoms’ entanglement in the two-atom two-mode Ra-
man coupled model in which the effect of intrinsic de-
coherence is considered. The rest of the present paper
is organized as follows. In Section 2, we give a brief
review about the two-atom two-mode Raman coupled
model and the Milburn equation. In Section 3, firstly,
we derive the projection of Hamiltonian of the two-
atom two-mode Raman coupled model on invariant
subspace. We derive and discuss the entanglement
dynamics of two atoms in asymmetric coupling coef-
ficient case in Subsection 3.1 and the entanglement
dynamics of two atoms in different two fields’ initial
photon numbers in Subsection 3.2. The summaries
and conclusions are presented in Section 4.

atom 1

2. Model and Milburn equation

For simplification, we set the Planck constant
We consider the sit-

uation that two atoms are interacting with two-mode

h = 1 throughout this paper.

fields through Raman coupling. The Hamiltonian for

this system is:[28l

+

Wal 1 Wa2 o
H =wsaja1 + Wf2a£a2 + —

9 7= g %
+ g1 (alazol+ + aiagal)

+ g2 (alagaf_ + QIGQUE) , (1)

where ol | o, are the spin flip operators characterizing
the effective two-level atom with transition frequencies
Wi and a; (a;r) is the annihilation (creation) operator
of the the field mode 7 of frequencies wy; , and g; is the
coupling coefficient of the atom 3. To reduce the com-
plexity, we assume wq; = w and wy; — wys = w. The
configuration of the two two-level atoms is illustrated
in Fig.1.

atom 2

Fig.1. Configuration of atomic levels. wq; = wf1 —wye = w.

Here, we are interested in the effects of the intrin-
sic decoherence and some system parameters on the
entanglement evolution of two two-level atoms. The
intrinsic decoherence approach has been studied by
Milburn*® who has proposed a simple model based
on the assumption that on sufficiently short time steps
the system does not evolve continuously under unitary

evolution but rather in a stochastic sequence of iden-

tical unitary transformations. This assumption leads
to a modification of the Schrodinger equation which
contains a term responsible for the decay of quantum
coherence in the energy eigenstate bases, without the
intervention of a reservoir and the usual energy dissi-
pation associated with normal decay. The stochastic
behaviour in the time evolution of the system implies

that the density operator satisfies, to the first order,
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the following equation of motion!®!

L0 — sl pl0)] - o L H 0], (2

where ~ is the intrinsic decoherence parameter. In
the limit v — oo, the Milburn equation reduces to
the standard von Neumann equation describing the
Schrodinger evolution. The formal solution of Eq.(2)
can be written explicitly as

oo k
=3 (1) panoponlo. o)

where p(0) is the initial state of the system and the
Kraus operators My(t) (k = 0,1,...) contain all the
information of any quantum-computational process
and are given by

t
M;.(t) = H* exp (— iHt — H2)
2y
kE=0,1,.... (4)

It is worth while to mention that the form of Mil-
burn equation (2) is the same as the form of the mas-
ter equation derived from phase damping®®34 and
the formula of phase damping has been used to dis-
cuss the entanglement in the field-atom systems;35:3!
therefore, the derivation and discussion in our paper
are also useful for phase damping.

In this paper, we adopt the concurrence as a
measure to calculate the entanglement of two atoms.
The concurrencel®” of a 2 x 2 system is defined by
C(p) = max{0, A\; — Ao — A3 — A4} where the \;, (i=1,
2, 3, 4) are the square roots of the eigenvalues of the
operator R = p(o, ® 0y)p* (0, ® 0y), where the aster-
isk indicates complex conjugation and A; is the largest
one among four eigenvalues.

3. The two-atom entanglement

evolution

We concentrated on the investigation of entan-
glement dynamics in the two-atom case by means of
invariant subspace. We find that there exists two con-
stants of motion in the Hamiltonian (1)

ol + o2
Klza{a1+1+%,

ol + o2
Ky = alay +1— ==, (5)

which commute with the Hamiltonian (1). It is not

difficult to find the four eigenvectors in the subspace

of K1 =ny1+1and Ko =ny +1

‘nlan27evg>; |n1,n2,g,e>;
‘nl + 17”2 - 1ag7g>;

Iny —1,ma + 1,e,€). (6)

The projection of Hamiltonian (1) on the
invariant subspace (6) has the matrix form in

the representation spanned by the -eigenvectors

{ln1+1,n2—1,9,9); [n1,n2,9,€);  |n1,n2,e,9);
Ini —1,na+ 1,e,e)}
Q QQFQ g1F2 O
gols 2 0 g1l
HTL1+1,’IL2+1 = ) (7)
gl 0 2 goI7
0 gilv gIn 12

where

2 =wing + wang,
I = \/nl(ng + 1),
I5=+/ (n1 + 1)?12. (8)

3.1. The effect of asymmetric coupling
coefficients on the entanglement

In this subsection, we concentrate on the effect of
two atom-field coupling coefficients on entanglement
evolution of two atoms. For simplification, we set two
constants of motion K1 = 2, Ko = 2; therefore, the
expression (7) becomes

2 @V2 gV2 0
I @V2 02 0 aVv2 (9)
2,2 = ’
V2 0 2 gaV2

0 gv2 gv2 0

where 2 = wi + wa.
We assume that at ¢t = 0 the two atoms and two
fields are described by the product state

p(0) = ps(0) @ pa (0) = [¥) ;1 (V] ©[p)qa (el (10)

where the two atoms initially are prepared in the state

s

o =cosale,g) +sinalg,e), a €& —I, —| (11
4 27 2

and two-mode fields are initially in the Fock states

[0y = 11)£11) fa- (12)
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Without losing generality, we assume g; > go. Diagonalizing the Hamiltonian (9), we obtain the eigenvectors
expressed in terms of the subspace vectors (6) and the corresponding eigenvalues

1) = £ (12.0,0,0) = 11,96 + 1, Le.g) +10.2,e,6)), M = 2~ V3(g1 —g2),

) = (—P.0.9.0) + 1. Lg.) — [LLoe.g) +10.2.c00). o = 2+ V(g1 — ).

B2) = 2(2.0.0.0) — [L.1.gue) — [L Le.g) +10.2.c00). As = 2= Vg1 + 2.

E)) = %(|2,0,g,g> FILLg e+ LT eq) +10,2,e,e)), As= 2+ vV2(gr + g). (13)

Expanding the initial state (10) of the total system in terms of the eigenvectors (13) and substituting p(0) into
Eq.(3), we obtain the density operator of the total system as

p(t) = 7 {A1BL) (Bl + |2} (Bal — xo1 1B (| — 12| ) (B
+ A3 [|Bs) (B3| + | Ea) (Ea| — X34 |E3) (Ba| — xa3|Ea) (Es]
— A1 4z [xas (| Ev) (B3| + [Ey) (E2|) 4 xs1 (|E3) (E1| + |E2) (E4l)
—x14 (|E1) (Es| + |E3) (E2|) — xa1 (|Es) (E1| + |E2) (Es|)]}, (14)

where

A; =cosa—sina, A= cosa+sina,
t
Xij = exp[— 1()\2 — )\j)t] exp |:— %()\Z — )\j)2:| . (15)

By tracing over two fields’ variables, we obtain the reduced density operator describing the subsystem containing
only two atoms as

Pata2(t) = %6{[/1%(2 — X12) + A3(2 — Xs4) + 241 42(X13 — X14)] 19, 9) (9, 9
+ [A3(2 + X12) + A3(2 + V34) — 241 42(X13 + X14)] |9, €) (g, €]
+[—AT(2+ X12) + A5(2+ Xsa)l(lg, €) (e, 9 + le,9) (g, €)
+ [AT(2+ Xa2) + A3(2 + X34) + 241 42(X13 + X14)] e, 9) (e, ]
+[AT(2 = X12) + A3(2 — Xsa) — 241 42(X13 — Xaa)] le, €) (e el}, (16)

where

T = 2eos[(h — A))i] exp [— %()\i _ Aj)ﬂ . (17)

On the basis of the analytical solution (16), we investigate the influence of asymmetric coupling coefficients
on the entanglement evolution of two atoms. From Eq.(16), the concurrence for the two atoms is obtained as

C= MaX{O, 2 (\/peg,gepge,eg - \/pee,eepgg,gg)}v (18)

where

1 ~ -
VPeg.gePge.eqg — \/Pee,eePgg,99 = 16 { \/[_A% (2 + X12) + A%@ —+ X34)]2

- \/ (2 = X12) + A3(2 — X34)]% — [241 A2(x13 — >~<14)]2} (19)

The analytic expression (19) shows that the entanglement evolution of atomic subsystem depends on the two
coupling coefficients, the initial state parameter of atomic subsystem and the decoherence strength. In Fig.2,
we plot the entanglement as the function of time ¢ and the coupling coefficient of the first atom g; for two values
of the initial state parameter, where we fix the coupling coefficient of the second atom go = 1, and decoherence
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~ = 100. From Figs.2(a) and 2(b), we observe that the oscillation frequency of the entanglement monotonically

increases with the increasing of the coupling coefficient of the first atom g;. The disappearance of entanglement

becomes faster with the larger value of g;. We present the analytical expression in the case where a = 7/4 to

demonstrate them. When a = /4, we obtain the following expression

1 4t(g1 + 92)2
VPeg.gePge,eg = \/Pee,celgg,99 = 2{ exp [_ (’y 005[2\/§t(91 +92)] ¢ (20)

therefore, the condition of entanglement is

cos[2V/2t(g1 + g2)] > 0. (21)

From the above expression, the period of entanglement oscillation decreases with the increasing of g;.

Lo N T T T T e “

b
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A
W

Fig.2. The entanglement C as the function of time ¢ and the coupling coefficient of the first atom g1 € [1.1,5.1].

The coupling coefficient of the second atom go = 1; decoherence v = 100; the initial photon numbers of two fields

n1 = 1,no = 1; the initial state parameter of two atoms (a) o = 7/4; (b) a = 7/8.

The evolution of entanglement as the function of
time ¢ and the initial state parameter « for two values
of g1 is plotted in Fig.3, when the other parameters
are the same as those in Fig.2. From Fig.3(a), we ob-
serve that at the beginning the atomic entanglement
falls abruptly to zero and remains zero for a period
of time before recovering to a smaller value. During
the evolution, the interval of entanglement recovering
becomes small. From Fig.3, we find that the peaks of
entanglement evolution in the case of @ = 7 /4 are the
largest among « € [0, 7/2], and the values of peaks de-
crease with the increasing of |o— 7 /4|. In the interval
[-7/2, 0], we can draw the similar conclusion on the
entanglement evolution when o« = —x/4 from Fig.3.
Compared with these in the case where the initial pa-
rameter o = 7/4, the frequencies of oscillations and
speeds of entanglement vanishing are relatively small
in the case of @« = —7/4. The larger the coupling co-
efficient of the first atom, the smaller the difference
between the oscillation periods of two cases. We cal-

culate the expression \/Peg.gePge.eg — \/Pee,cePgg.gg 11t

the case of & = —7/4

V/Peg.gePge,eg = \/Pee.celgg,g9
1

_ 2{ exp [_ W] cos[2v/2t(g1 — 92)]}~ (22)

Comparing the expression (20) with the expression
(22), the oscillation frequency g1 — g2 in the case of
a = —m/4 is smaller than the frequency ¢; + g2 in
the case of & = w/4. When g is increasing, the ratio
between two frequencies (g1 + g2)/(g1 — g2) becomes
small as shown in Fig.3. The entanglement of two
atoms when the initial atom parameter o = —w/4
is more robust against decoherence than that when
a = /4, and the difference between abilities of two
cases decreases with the increasing of ¢g;. In a specific
value of a € [0, 7/2], the larger the value of |o — 7 /4|
is, the shorter the time of entanglement disappear-
ance is. But the oscillation frequency is not monotonic
function of a, because the frequencies 2v/2¢1, 2v/2¢»
appear when a # /4.
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@

Fig.3. The entanglement C as the function of time ¢ and the initial state parameter of two atoms o €
[—7/2, w/2]. The second coupling coefficient go = 1; decoherence v = 100; the initial photon numbers of two
fields n1 = 1, na = 1; the coupling coefficient of the first atom (a) g1 = 2; (b) g1 = 5.

\
3.2. The effect of two fields’ initial pho- of Hamiltonian (7) becomes
ton numbers on the entanglement

2 gl gly 0
gFQ 04 0 gFl
Hn1+17ﬂ2+1 = ) (23)
gFQ 0 N gFl

0 gFl gFl [0

evolution

In Subsection 3.2, we focus our attention on the
effect of the initial photon numbers of two fields on
the entanglement evolution of the atomic subsystem. (1 . I, Iy and 2 are defined in Eq.(8). We then ob-

We set the coupling coefficients of two atoms to be  tain the eigenvectors and corresponding eigenvalues of

equal to each other, i.e. g3 = g2 = g. The projection  the expression (23) as

l

I: I}
E1>_\/lﬁ|:_l—;n1+17n2_1,g,g>+|n1—1,TL2+1,6,€>:|, >\1:Qa
1 2
1
‘E2>:ﬁ[_ |n1,n2,g,e>+|n1,n2,e,g>], )‘2:(27
I} I: T2 +12
E3>=1[2|n1+1,N2—1,g,9>—1+2|n1,n279,€>
2r2+12) LI V20D
2412
_@‘n17n2767g>+|n1_17n2+17€7€> ) )\3:'9_\/59 F12+F227
var
1
I Iy VIZ+ T2
Ey)y=——|—=—|m+1,n—1,9,9) + ~———=|n1,n2,9,€
| E4) 2(F12+F22)[F1| 1 2 9:9) NeT8 In1,n2,9,e€)

\/F12+F22 2 2
+T‘n1,n2’€ag>+|”1—1an2+17€7e> ) )\4:~Q+\/§g\/F1 +I5. (24)
1

We assume the two atoms initially are prepared in the same state as Eq.(11) and two-mode fields are initially
in the Fock states

|¢>f = |n1>f1\n2>f2. (25)

The atomic subsystem is separable from field subsystem initially

p(0) = ps(0) @ pa (0) = [¥) ;1 (Y] ©[0)q a (- (26)

Following the method described in previous subsection, we obtain the dynamics of the total system as
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p(t) = 1{A% B} (B — Aj;? s (1Ea) (Bs| — |Ea) (Eal) + oo Bs) (Ba| — | Ea) (Ea])]
4 221 (Bal + |a) (Fal = xa | ) (] = x| ) <E4n}, (27)

where A1, Ay and x;; are defined in Eq.(15).
The reduced density operator of the two atoms is obtained by tracing over the variables of two fields

A3 n\? A2 AR
ponan 0= 3{ 2@ = )T (1) lousd sl + | 5+ S22+ ) -

142 _
2 X23:| |g,€> <g,e|

A2 A2 A2 A2 . A1 As
|2t = B U0 el + e o)+ | B+ Z2C 4 R + 252 ) e

2
LA
T(2 X34)(F1) |€, €> <€, €| ) (28)
where y;; is defined as Eq.(17) and
I’
I =—1 . (29)
Utilizing Eq.(28), we obtain the corresponding concurrence as
C = Max{0,2 (\/peg,gepge,eg - \/peeyeepgg,gg)}v (30)
where
A3 A? A2 . 11y
\/peg,gepge,eg \/pee eePgg,99 — 2{\/( S (2 + X34) 9 > TQ(Q - X34)1—,12+F22} (31)

Firstly, we consider the effect of the initial photon numbers of two fields on entanglement evolution in the
special case of & = 7/4. The expression (31) when a = 7/4 is reduced to

N } (32)

1[1 . -
VPeg,gePge,cg = \/Pee,celgg.g9 = 1 [2(2 +X34) — (2 - XB@W .

Fixing the initial photon number of the first field n;, we find that the oscillation frequency and the speed of
entanglement decay become faster with the increasing of the initial photon number of the second field nq as
shown in Figs.4(a) and 4(b). In the limit ¢ — oo, the expression (32) becomes

1[1 \/nl + n1)nso 1—|—n2)]' (33)

4 ny + ng + 2n1ns

In Fig.4(a), the entanglement of two atoms exhibits different long-term behaviours with different values of
ns. When the photon number of the second field is small such as ny = 1, the entanglement decays to zero.
When the initial photon number of the second field is large such as no = 10, the entanglement decays to a stable
value.

In the case of ny = 5, when the initial photon number of the second field is small such as ny = 1, the
entanglement would decay to a stable value. When the initial photon number of the second field is large such
as ng = 10, the entanglement would disappear completely.

Secondly, we investigate the effect of the initial photon numbers of two fields on entanglement evolution in
the generic case where o € [—7/2, 7/2]. In the case where the initial photon number of the first field is small
such as n; = 1, we observe that the entanglement of two atoms has no obvious oscillation all time in the case
where the initial state parameter of two atoms a € [—7/2, 0) which is not found in the asymmetric coupling
coefficient case discussed in the previous subsection. The entanglement of two atoms shows decay behaviour in
the case where the initial state parameter of two atoms « € [0,7/2]. When the initial photon number of the
second field is small such as ny = 1, the entanglement decays to zero finally in the case of « € [0,7/2] as shown
in Fig.5(a). Increasing the initial photon number of the second field, for instance, ny = 5, the entanglement



5186 Zhang Jian et al Vol.18

decreases more rapidly and turns to small stationary value when the initial state parameter of two atoms «
belongs to a neighbourhood of 7/4. When ns becomes large enough, such as ny = 50, the entanglement of two
atoms shows no ESD when « belongs to a neighbourhood of 7/4.

1.0 7 1.0
(a) (b)
0.8 0.81
0.6 0.6
@) )
0.4 0.4
0.2 0.2 A
0+ : ; i 0+ : : : i i
0 3 4 5 0 1 2 3 4 5
t t

Fig.4. The time evolution of the entanglement C. The coupling coefficient g = 1; decoherence v = 20; the
initial parameter of two atoms o = 7/4; (a) n1 = 1, n2 = 1 (solid line), ng = 5 (dashed line), ny = 10 (dotted
line); (b) n1 = 5, ng =1 (solid line), no = 5 (dashed line), no = 10 (dotted line).

Fig.5. The entanglement C as the function of time ¢ and the initial parameter of two atoms a € [—7/2, 7/2].
The coupling coefficient g = 1; decoherence v = 10; the initial photon number of the first field ny = 1; the initial
photon number of the second field (a) na = 1; (b) na = 5; (¢) n2 = 20; (d) na = 50.

We plot the entanglement as the function of time ¢ and the initial state parameter of two atoms a when
ny = 5 in Fig.6. The value of Eq.(31) maintains unchanged when exchanging the value of n; and ns; therefore,
we find the entanglement evolution in the case where the initial photon numbers of the second field ny = 1, is
similar to that of the case n; = 1, ny = 5 as shown in Fig.6(a). The residual entanglement that can be observed



No.12 Entanglement of two atoms in two-mode Raman coupled model ... 5187

when « is a member of a neighbourhood of 7/4 and ng is small and disappears with the increasing of the
initial photon numbers of the second field as shown in Figs.6(a) and 6(b). In these cases, ESD occurs for every
a € [0, w/2]. Continuing to increase the initial photon numbers of the second field, the entanglement turns to
a stable value and shows no ESD when « is a member of the neighbourhood of /4 as shown in Fig.6(c).

O

0

0
Fig.6. The entanglement C' as the function of time ¢ and the Fig.7. The entanglement C' as the function of time ¢ and the
initial parameter of two atoms a € [—7/2, 7/2]. The cou- initial parameter of two atoms a € [—n/2, w/2]. The cou-
pling coefficient g = 1; decoherence v = 10; the initial photon pling coefficient g = 1; decoherence v = 10; the initial photon
number of the first field ny = 5; the initial photon number of number of the first field n; = 50; the initial photon number
the second field (a) na = 1; (b) n2 = 10; (c) ne = 50. of the second field (a) na = 1; (b) n2 = 5; (c) n2 = 20.

When we simulate the entanglement evolution of the large initial photon numbers of the first field such as
ny = 50, the entanglement keeps no great change all the time when o € [—7/2, 0]. When « € (0,7/2], we
also find that the entanglement turns to the stable value when the initial state parameter of two atoms « near
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/4 and otherwise, it decays to zero. Increasing the initial photon numbers of the second field, the residual
entanglement decreases and turns to vanish. When ng is large enough, ESD occurs for all « € [0, 7/2].

Lastly, it is valuable to mention again, from Figs.5, 6 and 7, no matter what values of the initial photon
numbers of two fields are, the entanglement of two atoms has no obvious oscillation and maintains the similar
value as the initial state parameter of two atoms « € [—7/2,0]. It means that if the initial state parameter
of atomic subsystem is suitable, the entanglement of the atomic subsystem is robust against the intrinsic
decoherence.

4. Summary and conclusion

In this paper, considering the intrinsic decoherence, we investigated the time evolution of the system
consisting of two two-level atoms which interact with two quantized fields through Raman coupling. Utilizing
the invariant subspace, we obtained the temporal evolution of density operator for discussing the entanglement
evolution of two atoms. Considering the asymmetric coupling coefficients of two atoms, the oscillation frequency
of entanglement and the speed of entanglement decay increase with the increasing of coupling coefficient of the
first atom g1 and the difference between the oscillation period when a € [—7/2,0] and the oscillation period
when a € [0,7/2] becomes smaller when g; becomes larger. Furthermore, we also investigated the effect of
initial photon numbers of two fields on the two-atom entanglement evolution, and we find that the increasing
of the initial photon number of the second field no can hasten the oscillation and vanishing of the entanglement
of atomic subsystem. When the initial atom parameter « is assumed in the interval [—7/2, 0], the intrinsic
decoherence has no great influence on the evolution of entanglement. When « € [0, 7/2], the entanglement of
atomic subsystem decays rapidly. If the values of n; and ny are suitable, we find that the entanglement turns
to stationary values when « is a member of a neighbourhood of 7/4 the size of which changes with the different
values of n; and ns. The two-mode Raman coupled model has been applied to describe several systems which
are used as candidates for qubit; therefore, our investigation and analytical expressions should be useful to the
preparation of entangled state in quantum information processing.
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