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In this paper, we investigate the entropy squeezing for a two-level atom interacting with two quantized fields

through Raman coupling. We obtain the dynamical evolution of the total system under the influence of intrinsic

decoherence when the two quantized fields are prepared in a two-mode squeezing vacuum state initially. The effects

of the field squeezing factor, the two-level atomic transition frequency, the second field frequency and the intrinsic

decoherence on the entropy squeezing are discussed. Without intrinsic decoherence, the increase of field squeezing

factor can break the entropy squeezing. The two-level atomic transition frequency changes only the period of oscillation

but not the strength of entropy squeezing. The influence of the second field frequency is complicated. With the intrinsic

decoherence taken into consideration, the results show that the stronger the intrinsic decoherence is, the more quickly

the entropy squeezing will disappear. The increase of the atomic transition frequency can hasten the disappearance of

entropy squeezing.
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1. Introduction

Much effort has been made to study quan-
tum decoherence theoretically and experimentally, be-
cause of its links to the fundamentals of quantum
mechanics!' =4 and its applications®=" to quantum
information processing and quantum computation.
There are several candidates!® for physical implemen-
tation of quantum information devices such as cavity
quantum electrodynamics (QED), trapped ion, liquid
nuclear magnetic resonance (NMR), etc. Recently,
the dynamics of composite system composed of a cav-
ity and other quantum systems such as cold atoms, !

(10]

quantum well,l'”) etc., has been investigated, and the

theoretical improvement on arrays of microcavities in

[11] has opened up possibilities for de-

photonic crystal
signing quantum information devices. Quantum deco-
herence is one of main formidable obstructions in us-
ing some of these candidates to design quantum infor-
mation devices. Theoretically, there are at least two
approaches to explaining the decoherence phenomena.
One approach!?=1 is to ascribe the decoherence of
quantum system to the reservoirs with many degrees
of freedom. The interaction between quantum sys-

tem and a reservoir causes the coherence of quantum

entropy squeezing, intrinsic decoherence, two-mode Raman coupled model

system to disappear. The other approach®=18 is to
modify the Schrédinger equation so that quantum co-
herence is damaged as the scale of physical system be-

(18] has proposed

comes large. In particular, Milburn
a simple model on the assumption that the system
evolves in a stochastic sequence of identical unitary
transformations in sufficiently short time steps. This
model makes a feature of constants of the motion re-
maining unchanged. The Milburn model has been
widely applied to the investigation of the decoherence

problem.

The entropic uncertainty relation['=2? as an al-
ternative to the Robertson formulation!??! of quantum
uncertainty has been widely investigated in quantum
optics, quantum information, etc. The Robertson for-
mulation has a lower bound which depends on the
state of system. Therefore, it imposes no restriction
on the variance of one variable, when the state of
The
new formulation of quantum uncertainty by informa-

system is an eigenstate of the other variable.

tion entropy can overcome this deficiency of Robert-
son formulation. The Robertson formulation is ex-
pressed in terms of the variances of the system ob-

servables, and it contains only second-order statisti-
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cal moments. However, the entropic uncertainty re-
lation contains all order moments and directly con-
nects quantum information with the quantum fluc-

[24-26] hetween

tuations of system. The connections
entropic uncertainty relations and entanglement have
also been discussed, and some separability criteria
utilizing the entropic uncertainty relations were ob-
tained. Besides, the entropic uncertainty relation has
been used to prove quantum cryptography protocols
to be secure.?”) Entropic uncertainty relation has been
studied in both discrete and continuous systems and
expressed in various forms. Especially, in the two-
level atom case, the entropic uncertainty relation used
as a general criterion[®® for the squeezing of an atom
has been found and discussed in several systems, i.e.

JC model and its generalizations,[29—33]

Heisenberg
model,Y etc., among which JC model and its gener-
alizations have attracted more attention in discussion.
Meanwhile, many effects in field-atom model such

[35:36] time-dependent coupling,”]

as atomic motion,
nonlinear medium, %39 stark shift,[*?) etc. have also
been considered in some papers dealing with the en-
tropy squeezing. In particular, the effect of intrinsic
decoherence on entropy squeezing of superconducting
charge qubit interacting with single-mode field has
been discussed.[*142] This, in fact, motivates us to
investigate the effect of intrinsic decoherence on en-
tropy squeezing of a two-level atom in Raman coupled
model which has a more complicated structure than
single-mode case and has been widely applied to sev-
eral systems such as Josephson junction. Our results
are helpful for preparing two-level subsystems and se-
lecting their appropriate parameters. The rest of the
present paper is organized as follows. In Section 2, we
give a brief review about variance and entropy squeez-
ing. The Milburn equation of the two-mode Raman
coupled model in our case is solved in Section 3. The
entropy squeezing is discussed in detail in Section 4

and some conclusions are drawn from the present re-

search in Section 5.

2. Variance and entropy squeez-
ing

In this section, to start with, we review some well-
known facts about variances and entropy squeezing.

The Robertson formulation of Heisenberg un-
certainty relation for a two-level atom charac-
terized by the Pauli
commutation [S‘x, S‘y} = igz, can be written as

operators satisfying the

() (s 2 s o

N N A\ 2
where the variances <(A5’a)2> = <S§> - <Sa> .
The variance in the component S, of the dipole

of a two-level atom is said to be squeezed if and only
if S, satisfies the following condition:

v (s0) = s - (sl <o

a=1,2 (2)

For a two-level atom which has three comple-
mentary observables with non-degenerate eigenvalues,

the corresponding information entropies are defined
a5(28:43]

2
H(Ss) = =Y _ Pi(Sa)InP;(Sa), P (Sa)
= (Yail plYai) , (3)
a=x,9,%2,

where [1);) is an eigenvector of the operator Sy,
Soz |wai> - )\ozi |wai> 3 (4)

and

H(5:) = 5+ Re (o) 10 |3+ Re o) - [~ Re )| 10| = e o)

2

H(5) = =[5+ 1) 10|+ 1 )| - [~ 10000 | 10| 12 00

H (S.) = —peeIn pec — pggIn pgg.
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The entropic uncertainty relation for the two-level

atom is derived28:43] ag

H(Sy;)+H(S,))+H(S,)>2n2. (6)

The entropic uncertainty relation can be used as a
general criterion for the squeezing of a two-level atom.
Setting both sides of inequality (6) as the power of the
irrational number e, the following inequality which is
similar to the Robertson formulation of Heisenberg
uncertainty relation can be derived as

exp [H (Sz)| exp [H (Sy)]exp [H (5:)] = 4. (7)

The information entropy squeezing factors of

component S, can be defined as!?8!

E (Sa) = exp[H (Sa)] = 2/[expH (SN (8)

If the information entropy squeezing factor F (S,) <
0, the fluctuation in the component S, is said to be
‘squeezed in entropy’.

3. Model and solution of Milburn

equation

For simplification, we set the Planck constant
h = 1 throughout our paper. In the following, we
solve the Milburn equation for the two-mode Raman

coupled model with the Hamiltonian[*4

w

H = wlaIal —|—(.¢)2Q;a2 + EUZ +g (alagmr + aiaga,) ,
(9)

where o, and o4 are the spin flip operators character-

izing the effective two-level atom with transition fre-

quency w, and a; (aT)

;] (i =1,2) are the annihilation

w1 w2

# 9 e e

Fig.1.
A=w+wsy —wi.

Configuration of atomic levels. The detuning

(creation) operators of the two field modes of frequen-
cies w;, i = 1, 2, respectively. The configuration of the
two-level atom is illustrated in Fig.1.

Here, what we are interested in is the effect of the
intrinsic decoherence on the entropy squeezing of the
two-level atom. The intrinsic decoherence approach
has been studied by Milburn,'8 who has proposed a
simple model based on the assumption that on suf-
ficiently short time steps the system does not evolve
continuously under unitary evolution, but rather, in
a stochastic sequence of identical unitary transforma-
tions. This assumption leads to a modification of the
Schrédinger equation which contains a term responsi-
ble for the decay of quantum coherence in the energy
eigenstate bases, without the intervention of a reser-
voir and the usual energy dissipation associated with
normal decay. The stochastic behaviour in the time
evolution of the system implies that the density oper-
ator satisfies, to the first order, the following equation

of motion:[*8l

S — it o] - o (L [H o)), (10

where v is the intrinsic decoherence parameter. If
v — 00, the Milburn equation reduces to the standard
von Neumann equation describing the Schrodinger
evolution. The formal solution of Eq.(10) can be writ-
ten explicitly as

o k
s =3 (L) gnweondo,

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

My (t) = H’fexp( —iHt — 2iH2> (12)
gl

k=0,1,...

The Milburn equation of Hamiltonian (9) under
the intrinsic decoherence has been solved by Xu, et
al.*®! Utilizing their method, we concentrate on the
investigation of entropy squeezing.

The explicit form of the Kraus operators can be

acquired as follows:[4?]
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M (t) _1 frex (—if t) ex —@ + fFex (—if t) ex —&
k 5 |/+EXP + P 2y —€xp - P 2
Lz 7 f3t ok 2 f2t
+ B fiexp (—1f+t) exp (—E — ffexp (—1f,t) exp —W
(oo +alaar )
Ao, g\a1a304 + ajaz0— 13)
X 3
2Q (K1, K») Q (K1, K») (

A2
(K., K») = e + 92K 1 K>,

A=w+wy —w,

1+o0, 1—o0,
5 K2=(IEG2+T=

which are two constants of motion in Hamiltonian (9).

K = a{al + (14)

We assume that the two field modes are initially
prepared in a two-mode squeezed vacuum state which

is widely studied in quantum information and ex-
pressed as

), = Z (tanh (s))” In, n)

cosh (s) (15)

with field squeezing factor s, and the atom is initially
in the coherent state

o =cos (5 ) 1o +sin (5 ) #la). (16)

The two subsystems are separable initially

p(0) = ps(0) @ pa (0) = [¥); 1 (Y] ©[@)qa el (17)

Substituting expressions (17) and (13) for p (0) and My (t) into equation (11), respectively, we obtain the time

evolution of the total system

o k
p(t) = %Z (3) %{(1 +c0s60) Y | Qu@r, My |n.n, e) (m,m, e| M}

k=0 v

n,m

+ (1 — cosb) Z QnQy, My In,n, g) (m,m, g MII

n,m

+sin e " QnQi My [n,n,g) (m,m, e| M +sin6e™* > "~ Q,Q5,Mj In,n, e) (m,m, g| M,I},

n,m n,m (18)
where
M | >—EF (n+1 )1—1—# +F_i(n+1 )1—#-| )
RITLILE) =g i R T ST 22(n+1,n) —RAR T ST 202(n+1,n) /| €
1 g/ (n+1)n
+§[F+,k(n—|—1,n)—F_,k(n—l—l,n)]m|n+1,n—1,g>,
My, | >—1_F (n,n+1)(1 = +F_i(nn+1)( 1+ = _| )
k|n,n,g) = 2 | +,\1, T 2Q(n,n+1) —kn,n QQ(n,n—i—l) | n,n,g
1 gy/n(n+1)
+ 5 [Fyr(n,n+1)—F_ y(n,n+1)] 20mn+ D) [n—1,n+1,e) (19)
with
2(m,n)t
Fy p(m,n) = fjk[(m, n)exp[—ify(m, n)t]exp< - %) (20)
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To obtain the entropy squeezing factors of the two-level atom, the reduced density operator of two-level atom

is obtained by tracing over the two fields’ variables as

Pa (1) = pec |€) (e] + peg |€) (9] + pge 19) (€] + pgg |9) {9

where

pec = gg (ﬁ)g{z Qul? {(1+ cos0)

v

X

Firp(n+1,n) (1 +

+(1+4cos)|Frr(nn+1)—F_i(n,n+1)]

202 (n+1,n)

_ 1 t 4 . —i¢ 2 - -
Peg = 3 E ( ) A {Slnee En |Qn| [FJnk (n+ 1’n) <1 + 2Q(n+ 17”))

k=0 v

A
F_ 1 1-—
+ 1k(n+ 7n)< 2Q(TL+1,TL
+F* o, ( +1) 1+ =
—k AT T 202 (n,n+1

Peg = p;av Pgg =1 — pee-

Using the two-level atom reduced density operator
pa (t) and equations (5) and (8), the information en-
tropy squeezing factors of the operators S;, S, and S,
can be obtained directly.

4. Discussion

On the basis of the analytical solution presented
in the previous section, we now compare the entropy
squeezing factors with variance squeezing factors and
simulate the properties of the entropy squeezing fac-

0.6 ANAADRALASAENANAAGARANGANANENE RS
ANENENGENEREAEAEAREASASASAR AR AR
NGRS AS R
A A AT A R A A R R AT A B AT A

0.4 Hiif li IR AT A IR A A FRR R R R A

> AT [ R R A AN
> HRH [T 1 AR
2 AR RE IERRETY
B 0.2 RN i

. APk iV oL

i o Vil i

> AR I RSN T TSI RN RN

8 il i AN N O AL

n Omill¥ U L

= I G AT

3] i I GGy
o (AT i

0.2 ! 1K AN

-2 i ¢
l
)

a

oul (a)

. L . L '
0 1 2 3 4 5
gt

(21)
> +F_y (n+1,n) (1_ m) 2
22 (n,n+1)
leenen (i)
ol
(22)

tors of the two-level atom in this section. We consider
the two-level atom to be prepared initially in the state
0 = /2, ¢ = 0 and keep the coupling constant g un-
changed, i.e. ¢ = 0.1, throughout our paper.

Firstly, we compare the properties of the entropy
squeezing factors with those of variance squeezing fac-
tors. For instance, we consider the resonance case
without intrinsic decoherence. The time evolutions of
the entropy squeezing factors and variance squeezing
factors are shown in Fig.2. We set the frequencies of

two fields w; = 2 and we = 1, and the field squeezing

ZS?
N
5 of
N
02t
04t (b)
0 1 2 3 1 5

gt

Fig.2. Time evolutions of entropy squeezing factors and variance squeezing factors of a two-level atom in the

two-mode Raman-coupled model. The initial two-level atomic state parameters § = 7/2 and ¢ = 0; the field

squeezing factor s = 0.7; two field frequencies w1 = 2, and wa = 1; the coupling constant g = 0.1; detuning
A = 0; decoherence v = oo. (a) The entropy squeezing factors E (Sz) and E (Sy); (b) the variance squeezing

factors V (Sg) and V (Sy).
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factor s = 0.7. From Fig.2, we find that both E (S,)
and E (S,) exhibit squeezing in several time intervals,
but both V' (S;) and V (S,) show no variance squeez-
ing always. This phenomenon confirms that the infor-
mation entropies contain more information than the
variances of the two-level atom and shows that en-
tropy squeezing factor is a better measure of atomic
squeezing than variance.

Secondly, we focus on the influence of the field
squeezing factor denoted by s on the time evolution
of the entropy squeezing factors of the two-level atom.
We have plotted the time evolution of the entropy
squeezing factors in Fig.3 with the same values of
the other parameters as those in the above discus-
sion except the value of the field squeezing factor.
From Fig.3(a), we can observe that E (S;)and E (S)

0.6 (a)
EITHHE R .
dflafafans i ‘
IR I i
oafi I |
= A RIS R IR R A R R A i
SN TR !
&oo2HERTE R R EyEyd i
0
CQ 0 g o ko S
51 SUEIEREIRIRIENE
. i R A
—o2 i iRl L
Sl
R R IR R R (R
SUuy ey
WASARA R RARA A AR
1 1 ,

E(Sz), E(Sy)

gt

periodically oscillate with a phase difference of 7/2,
and their amplitudes all have the maxima 0.586 and
minima —0.414 which is the optimal value of entropy
squeezing, when the field squeezing factor is small such
as s = 0.05. As the field squeezing factor increases, the
strength of entropy squeezing would become weaker
and the total time interval of entropy squeezing would
become shorter. When the field squeezing factor is
large enough, the entropy squeezing would disappear
in the time evolution which is shown in Fig.3(d). The
large field squeezing factor breaks the entropy squeez-
ing and the squeezing of information entropies are
mainly produced by the small n terms of reduced den-
sity operator of the two-level atom. The appearance
of large n terms would break the entropy squeezing.

6 (b)
OB n s nipipapahihshifaNaNEns]s
T R R I R R R
SV S G
0. S
5 AR AR AR A RN JEEIEE b
~— il q b i I K
® 0.2 i 11
f h N
= FIRIETEr VRN E LY
o O VR o VAR R
&) L R AN (N K SR
iy AT I
021 ulful¥ Ayl
¥ VY iE
-0.4
1 1 1 1 J
0 1 2 3 4 5
gt
z)::_
S
K 0
R
70.2.
-04F
0 1 2 3 4 5

gt

Fig.3. Time evolutions of entropy squeezing factors E (Sz) (solid) and E (Sy) (dash-dot), with initial

two-level atomic state parameters, 6 = 7/2 and ¢ = 0; two field frequencies w1 = 2 and w2 = 1; the

coupling constant g = 0.1; decoherence v = oco; detuning A = 0; values of the field squeezing factor (a)

s =0.05; (b) s =0.5; (¢c) s=1; (d) s =2.

The effect of detuning between the fields and the
two-level atom, A = w 4+ wy — wq, in the case where
two field frequencies are fixed, i.e. the effect of the
two-level atomic transition frequency, is also of im-
portance when the influence of intrinsic decoherence

is excluded. We maintain the two field frequencies un-
changed, i.e. w3 = 2 and we = 1 and select the field
squeezing factor s = 0.05 because of its relatively sim-
ple curves. The initial state of the two-level atom, cou-
pling constant and decoherence parameter are main-
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tained to be the same as those of Fig.3. From Fig.4(a),
we can find that when the detuning between the fields
and the two-level atom is equal to —1, i.e. the two lev-
els are degenerate, the entropy squeezing factor E (S,)
oscillates near the optimal value —0.414 at all time and
E (Sy) keeps the value at 0.586. When the detuning is
larger than —1, the entropy squeezing factors E (S,)
and E (S,) show the large amplitude oscillations in
the time evolution. The frequencies of oscillations of
E (S;) and E (S,) monotonically increase with the in-
crease of detuning, while the time of squeezing, i.e.
half the total time, remains unchanged. The extrema
of E(S;) and E (S,) have no large change at various
values of detuning. When v = co and s = 0.05, we
can find the only oscillation term

2
(1 — %) cos [p + (w1 —wa — |A]) 1]

0.6F
(a)
0.4}
5
2 0.2t
&)
)
—0.2f
70.4_
0 1 2 3 4 5
gt
(c)
HHHHHHE
ﬂﬂ "“'
' l
K
5
S
1 e A
ilili

e L

1523
AN2
# (1415 oot (- w141
(23)
in the analytic expression of F (S,) and the simi-
lar term in E(S,), because the terms @y ~ 1 and

Qi = 0 (¢ 1,2,...).
tion frequency is smaller than the difference between

When the atomic transi-

two field frequencies, i.e. A < 0, the term becomes
4cos[p+ (w1 —wa — |A]) t].
sition frequency is larger than the difference between

When the atomic tran-

two field frequencies, i.e., A > 0, the term becomes
4cos[p+ (w1 —wa + |A])t]. Tt is easy to see that the
oscillation frequency increases with the increase of A.
Therefore, the change of the atomic transition fre-
quency only influences the oscillation frequencies of
entropy squeezing factors and does not influence the
strength of entropy squeezing.

E(Sz), E(Sy)

Fig.4. Time evolutions of entropy squeezing factors E (Sz) (solid) and E (Sy) (dash-dot), with initial
two-level atomic state parameters, 6 = 7/2 and ¢ = 0; two field frequencies w1 = 2 and w2 = 1; the
coupling constant g = 0.1; decoherence v = oo; the field squeezing factor s = 0.05, detuning (a) A = —1;

(b) A=—0.9; (c) A=0.5.

After discussing the situation where the two-level
atomic transition frequency is changed, we consider
the situation where the second field frequency wy is

changed. The temporal evolutions of E (S,) when
s = 0.5 is illustrated in Fig.5 as an example; because
in the case of small field squeezing factor, the change
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of second field frequency has no obvious effect on the
evolution of entropy squeezing factors. We set the first
field frequency wy = 2, two-level atomic transition fre-
quency w = 1 and decoherence parameter v = o0.
When the second field frequency is equal to 0, i.e.
A = —1, the evolution of the entropy squeezing factor
E (S,,) displays the squeezing and shows the complex
periodicity. It reaches the value near 0.4 when time
is between 15 and 20. Accompanied with the second

field frequency becoming larger, E (S,) reaches the
value near 0.4 frequently. When the second field fre-
quency reaches 1, i.e. A = 0, the time is between
2 and 3. While the second field frequency continues
to increase, the time becomes larger again as shown
in Fig. 5(c). The behaviour of E (S,) is similar to
that of E (S;). The influence of the second field fre-
quency change is more complicated than that of two-

level atomic transition frequency change.

0.6 0.6
0.4 A 0.4 I
|
| I
g 0 ‘ 9 0 |
\
-0.2 -0.2
0.4t (a) —0.4F(b)
0 5 10 15 20 0 5 10 15 20
gt gt
0.6
!‘
|
s
SR I“ |
\
-0.2
0.4} (c)
0 5 10 15 20
gt

Fig.5. Time evolutions of the entropy squeezing factor E (Sg), with initial two-level atomic state

parameters, § = 7/2 and ¢ = 0; decoherence v = oo; the coupling constant g = 0.1; the field squeezing
factor s = 0.5, the first field frequency w1 = 2, the two-level atomic transition frequency w = 1; (a)
wpg =0and A= —-1; (b) wo=1and A=0; (c) wz =1.5and A =0.5.

Finally, we discuss the effect of intrinsic decoher-
ence on the time evolution of the entropy squeezing
factors. We set the value of field squeezing factor
s = 0.05 and two field frequencies w; = 2 and wy = 1.
When the difference between two field frequencies is
resonant with two-level atomic transition frequency
and the intrinsic decoherence parameter v = 50, the
local minima of entropy squeezing factors F (S,) and
E (Sy) increase with the increase of time as shown
in Fig.6(a).
diminishes gradually. Meanwhile, the peaks of oscil-

Therefore, the squeezing characteristic

lations are not changed at all time. Increasing the

strength of intrinsic decoherence such as v = 10, the
speed of squeezing vanishing would become faster than
that in weak decoherence case as shown in Figs.6(a)
and 6(b).
parameter and investigating the influence of detun-

Fixing the value of intrinsic decoherence

ing with two fixed field frequencies, i.e. the influence
of the two-level atomic transition frequency, we find
that the speeds of squeezing vanishing decrease with
A — —1 and increase with the increase of detuning
when A — oco. We find the oscillation terms in the an-
alytic expressions of E (S;) and E (S,). For instance,
E(S,) has oscillation terms
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(o) (=)

2
ew{jm—w—MDt
4y

(w1 — w2 +]A)°¢ wi —wy + 4]
- 1 24
e 4y 1] 2 (24)
and
2 X .
exp A cos [ + (w1 —w2 —[A4[) 1] wi = w2 = |4 —wi +ws + |4
4y 4] 2 2
2 2 . i
+ exp (w1 —wo + |A]) " 1+A cos [6 + (w1 — ws + |A) 4] w1 — wy + |A] w1 +wy — |4] |
4y |A| 2 2

k=0,1,.... (25)

From the above expressions (24) and (25), when decoherence strength increases, i.e. v becomes smaller,

2
em{xm—mimwt
4y

will decrease more quickly, which causes the entropy squeezing to disappear quickly. Similarly, when the atomic
transition frequency is smaller than the difference between two field frequencies, i.e. A < 0, expressions (24)
and (25) have the following forms, respectively:

2 2k
4exp [— (@ _wfw— 4] (M _w22 — |A|> (26)
and
2 k k
4exp l_wtl cos [¢+ (w1 — wa — |A]) 1] <w1—w22—|A|) (—wl +¢;2+|A|) ' (27)

When the atomic transition frequency is larger than the difference between two field frequencies, i.e. A > 0,
expressions (24) and (25) have the following forms:

2 2k
dexp [—(wl wz;rm') t (wl w22+|A|> (28)
and
2 k k
Lexp [_Wt cos[6 4 (w1 — wa+ |AD 1] (wl w22+|A|) ( W1+;2 IAl) ()

Therefore, the entropy squeezing properties turn to vanish quickly with the increase of the detuning, A. The
vanishing speeds of entropy squeezing properties are determined by not only decoherence strength but also the
two-level atomic transition frequency. Through selecting the atomic transition frequency, we can reduce the
effect of decoherence.
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E(Sz), E(Sy)

(c)

gt

E(Sz), E(Sy)

gt

Fig.6. Time evolutions of entropy squeezing factors E (Sz) (solid) and E (Sy) (dash-dot), with initial

two-level atomic state parameters, § = 7/2 and ¢ = 0; the field squeezing factor s = 0.05; the coupling

constant g = 0.1; two field frequencies w1 = 2 and we = 1; (a) A =0 and v = 50; (b) A =0 and v = 10;

(¢) A=0.5and v =10; (d) A =—0.9 and v = 10.

5. Conclusion

In this paper, we investigate the time evolution of
the system composed of a two-level atom interacting
with two quantized fields through Raman-coupling.
Through solving the Milburn equation in which the
effect of intrinsic decoherence is included, we obtain
the temporal evolution of density operator to discuss
the behaviour of the information entropy squeezing.
It is shown that the information entropies squeeze
to more extent than the variances in our case with-
out intrinsic decoherence, which means that the en-
tropy squeezing is a better measure of the two-level
atomic squeezing than variance squeezing. We dis-
cuss the effects of field squeezing factor, the two-level
atomic transition frequency, the second field frequency

and intrinsic decoherence on the entropy squeezing.
We find that the entropy squeezing strength decreases
with the increase of field squeezing factor. The two-
level atomic transition frequency changes only the fre-
quency of oscillation but not the strength of entropy
squeezing, whereas the effect of the second field fre-
quency change is complex. The intrinsic decoherence
breaks the entropy squeezing and the squeezing prop-
erties vanishing becomes fast with the increase of de-
coherence strength or the two-level atomic transition
frequency. The two-mode Raman coupled model is ap-
plied to describing several systems which are used as
candidates for qubit. Therefore, our investigation and
analytical expressions should be useful for preparing
two-level subsystems and selecting their appropriate
parameters.
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